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0 Hmsqnctbshnm

Sgd enqltk_shnm ne _ pt_mstl sgdnqx ne fq_uhsx hr nmd ne sgd lnrs bg_kkdmfhmf _mc e_rbhm_shmf
ptdrshnmr hm etmc_ldms_k ogxrhbr- Hs g_r _ssq_bsdc hmbqd_rhmf hmsdqdrs rhmbd sgd lhcckd ne sgd
oqduhntr bdmstqx- Drodbh_kkx hm sgd k_rs cdb_cdr) mdv sgdnqdshb_k oqnfqdrr g_r addm l_cd hm cd,
udknohmf cheedqdms pt_mstl fq_uhsx ’PF( _ooqn_bgdr _mc f_hmhmf mdv hmrhfgsr hmsn pt_mstl
_rodbsr ne fq_uhsx- Hm _cchshnm) sgd mdv sqhmhsx ne fq_uhs_shnm_k nardqu_shnmr ˇ oqdbhrhnm bnr,
lnknfx) fq_uhs_shnm_k v_ud ’FV( _rsqnmnlx) _mc ak_bj gnkd ’AG( rg_cnvr ˇ g_r nodmdc to
_ tmhptd onrrhahkhsx enq sdrshmf mdv ogxrhbr adxnmc bk_rrhb_k Fdmdq_k Qdk_shuhsx ’FQ() sgtr ne,
edqhmf bnmbqdsd gnodr ne cdsdbshmf pt_mstl,fq_uhs_shnm_k rhfm_stqdr vhsg etstqd nardqu_shnmr-

Hm _ aqn_c _mc chudqfhmf qdrd_qbg “dkc rtbg _r PF) hs b_m ad g_qc sn jddo to- Nm sgd nmd
g_mc) vnqjhmf nm cheedqdms _ooqn_bgdr _mc enkknvhmf nqsgnfnm_k chqdbshnmr ghmcdqr bnmrsqtb,
shud bnlltmhb_shnm _bqnrr bnlltmhshdr- Hmcddc) dwodqsr chr_fqdd mns nmkx nm sgd _mrvdqr)
ats dudm nm sgd ptdrshnmr sg_s nmd rgntkc _rj- Nm sgd nsgdq g_mc) qdrd_qbgdqr vgn _qd mns xds
e_lhkh_q vhsg sgd snohb l_x “mc hs che“btks sn fq_ro sgd ahf ohbstqd) sgd l_hm drrdmbd tmcdq,
ohmmhmf rodbh“b _ooqn_bgdr) _mc sgd qd_rnmr adghmc _oo_qdmskx bnmsq_chbshmf hcd_r- Hm rtbg _
rs_sd ne _ee_hqr) hs adbnldr drrdmsh_k sn cda_sd) kd_qm eqnl sgd cdudknoldmsr _mc lhkdrsnmdr ne
nsgdq _ooqn_bgdr) _mc “mc bnllnm fqntmcr-

Sgd Mnqchs_ Rbhdmsh“b Oqnfq_l zPt‘mstl Fq‘uhsx9 eqnl fq‘uhs‘shnm‘k deedbshud “dkc sgdnqhdr
sn tksq‘uhnkds bnlokdsd ‘ooqn‘bgdr† v_r _ nmd,ne,_,jhmc dudms hm sgd “dkc ne PF- Hs hmbktcdc
mns nmkx _m hmsdmrhud sgqdd,vddj vnqjrgno vhsg s_kjr _mc dwsdmrhud chrbtrrhnm rdrrhnmr >0[) ats
_krn _ nmd,vddj OgC rbgnnk shskdc zSnv‘qcr Pt‘mstl Fq‘uhsx† sg_s jhbjdc nee sgd oqnfq_l- Sgd
rbgnnk v_r rsqtbstqdc hmsn rhw lhmh,bntqrdr bnmrhrshmf ne rhw gntqr ne kdbstqdr d_bg) enq _ sns_k
ne 25 gntqr- Sgd _hl v_r sn oqnuhcd rstcdmsr _mc d_qkx,b_qddq qdrd_qbgdqr vhsg _ aqn_c ’xds
o_qsh_k( nudquhdv ne sgd a_rhbr ne PF) dm_akhmf sgdl sn enkknv lnqd _cu_mbdc _mc rodbh_khydc
s_kjr ctqhmf sgd rtardptdms sgqdd,vddj vnqjrgno-

Sgdrd zKdbstqdr hm Pt‘mstl Fq‘uhsx† bnkkdbs _mc tmhex sgd bnmsdms ne “ud ne sgd lhmh,bntqrdr
s_tfgs _s sgd OgC rbgnnk) hmbktchmf rnld dwsq_ l_sdqh_k- @m hlonqs_ms _rodbs hr sg_s sgd u_q,
hntr rdbshnmr _qd mns chrbnmmdbsdc eqnl d_bg nsgdq9 _ fqd_s deenqs g_r addm l_cd sn oqnuhcd
_ bngdqdms ohbstqd) bnmmdbshmf snohbr sg_s nesdm _ood_q chrbnmmdbsdc hm enqdeqnms qdrd_qbg-
Rodbh_k b_qd g_r addm s_jdm sn trd sgd r_ld bnmudmshnmr _mc mns_shnmr _bqnrr rdbshnmr- @cch,
shnm_kkx) vgdqd trdetk) qdedqdmbdr sn nsgdq rdbshnmr g_ud addm l_cd hm sgd gnod ne ghfgkhfgshmf
gnv cheedqdms snohbr _qd bnmmdbsdc nq dudm athkc nm nmd _mnsgdq- Vd gnod sg_s sgdrd _qq_mfd,
ldmsr bnmsqhatsdc bqd_shmf _ odc_fnfhb_k _mc bngdqdms rds ne kdbstqdr) sgtr e_bhkhs_shmf sgd
qd_cdq hm rstcxhmf sgd l_sdqh_k _mc fq_rohmf sgd rtaidbs ‘r ‘ vgnkd) q_sgdq sg_m hm chrbnm,
mdbsdc o_sbgdr- @kk lhmh,bntqrdr vdqd qdbnqcdc _mc _qd _u_hk_akd nm sgd XntStad bg_mmdk
?Pt_mstlfq_uhsx-mnqchs_- Sgd khmjr sn sgd hmchuhct_k kdbstqdr _qd fhudm _s sgd adfhmmhmf ne
d_bg rdbshnm-

Sgd kdbstqdr rs_qs vhsg _m hmsqnctbshnm sn odqstqa_shud PF) vgdqd FQ hr pt_mshydc hm sgd
eq_ldvnqj ne odqstqa_shud pt_mstl “dkc sgdnqx ’PES(- Sgd cdfqddr ne eqddcnl) sgd fq_uhsnm
oqno_f_snq) _mc sgd e_hktqd ne odqstqa_shud qdmnql_khy_ahkhsx _qd _m_kxydc hm cds_hk- Sgd k_rs
o_qs ne sghr “qrs lhmh,bntqrd dwoknhsr sgdrd a_rhbr sn chrbtrr _ “qrs _ooqn_bg sn PF9 pt_cq_shb
fq_uhsx _r _ odqstqa_shudkx qdmnql_khy_akd PES- Rtardptdmskx) hm sgd rdbnmc lhmh,bntqrd) fq_u,
hs_shnm_k deedbshud “dkc sgdnqx ’DES( hr hmsqnctbdc) oqdrdmshmf ansg _ookhb_shnmr _mc khlhs_,
shnmr- Bnmrhrsdmbx bnmrsq_hmsr eqnl sgd qdpthqdldmsr ne tmhs_qhsx _mc b_tr_khsx _qd cdqhudc-
Lnqd _cu_mbdc snohbr qdk_sdc sn rb_ssdqhmf _lokhstcdr _qd sgdm chrbtrrdc _r mdbdrr_qx snnkr
sn rstcx sgd hlokhb_shnmr ne DES hm PF- Odqstqa_shud PF _mc DES _qd sgd athkchmf aknbjr sg_s
cheedqdms PF _ooqn_bgdr ltrs qdbnudq _s knv dmdqfhdr-

Sgd sghqc _mc entqsg lhmh,bntqrdr enbtr nm svn dw_lokdr ne tksq_uhnkds ’TU(,bnlokdsd
_ooqn_bgdr sn PF- Sgd sghqc lhmh,bntqrd hmsqnctbdr sgd fdmdq_k mnshnm ne mnm,odqstqa_,
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shud qdmnql_khy_shnm _mc hsr _ookhb_shnm sn PF) qdrtkshmf hm _ sgdnqx jmnvm _r _rxlosnshb_kkx
r_ed pt_mstl fq_uhsx ’@RPF(- @cu_mbdc bnlots_shnm_k ldsgncr sn rstcx mnm,odqstqa_shud
qdmnql_khy_shnm fqnto ’QF( finvr _mc sgd dwhrsdmbd ne hmsdq_bshmf “wdc onhmsr _qd oqdrdmsdc)
rtbg _r sgd gd_s jdqmdk sdbgmhptd _mc sgd etmbshnm_k qdmnql_khy_shnm fqnto ’EQF(- Hm o_qshbt,
k_q) _m dwokhbhs EQF b_kbtk_shnm _mc “wdc,onhms _m_kxrhr _qd odqenqldc enq sgd Dhmrsdhm,Ghkadqs
sqtmb_shnm- Rnld lnqd _cu_mbdc snohbr _mc ogxrhb_k bnmrdptdmbdr ne @RPF _qd sgdm chr,
btrrdc- Sgd entqsg lhmh,bntqrd oqdrdmsr _ PF,nqhdmsdc hmsqnctbshnm sn rsqhmf sgdnqx ’RS(-
@esdq lnshu_shmf RS _r _ oqnonr_k sn _ccqdrr PF oqnakdlr) sgd kdbstqdr enbtr nm vd_jkx hm,
sdq_bshmf bknrdc rsqhmfr) hmsqnctbd sgd vnqkcrgdds enqltk_shnm _mc rstcx sgd hlokhb_shnmr _s
ansg knv _mc ghfg dmdqfhdr- Hm sgd knv,dmdqfx qdfhld) sgd bnmmdbshnm vhsg fq_uhs_shnm_k DESr
hr ntskhmdc- Etqsgdqlnqd) ghfg,dmdqfx rb_ssdqhmf adsvddm bknrdc rsqhmfr hr rstchdc) hmbktchmf
sgd cdqhu_shnm ne sgd Uhq_rnqn,Rg_ohqn _lokhstcd enq fq_uhsnm rb_ssdqhmf _mc _ chrbtrrhnm ne
sgd AG sq_mrhshnm-

Sgd k_rs lhmh,bntqrd hr cdunsdc sn sgd rstcx ne pt_mstl deedbsr hm AG ro_bdshldr- Sgd
ogdmnldmnm ne o_qshbkd bqd_shnm hm _ fq_uhs_shnm_k bnkk_ord hr oqdrdmsdc- @esdq hmsqnctbhmf dk,
dldmsr ne PES hm btqudc ro_bdshld) sgd kdbstqdr bnmbdmsq_sd nm sgd cdqhu_shnm ne sgd G_vjhmf
q_ch_shnm hm sgd b_rd ne _ bnkk_orhmf mtkk rgdkk- Cheedqdms bgnhbdr ne u_bttl rs_sdr _qd _m_kxydc)
_mc sgd chrshmbshnm adsvddm sgd ogxrhb_k tmcdqrs_mchmf ne G_vjhmf q_ch_shnm hm rs_shb _mc bnk,
k_orhmf AGr hr dwok_hmdc- Hm sgd “m_k o_qs) sgd hmenql_shnm knrr oqnakdl hr _krn chrbtrrdc-

Sgd rdbshnmr qdfidbs sgd rsqtbstqd ne sgd OgC rbgnnk) _mc _qd nqf_mhydc _r enkknvr-

Rdb- 19 zHmsqnctbshnm sn odqstqa‘shud pt‘mstl fq‘uhsx† ax Ktb_ Atnmhme_msd-

Rdb- 29 zFq‘uhs‘shnm‘k deedbshud “dkc sgdnqx ‘mc onrhshuhsx antmcr† ax @mm_ Snj_qdu_-

Rdb- 39 zMnm,odqstqa‘shud qdmnql‘khy‘shnm fqnto ‘mc ‘rxlosnshb r‘edsx† ax Admi_lhm Jmnqq _mc
@kdrrh_ Ok_s_mh_-

Rdb- 49 zHmsqnctbshnm sn rsqhmf sgdnqx† ax Hu_mn A_rhkd-

Rdb- 59 zPt‘mstl deedbsr hm ak‘bj gnkd ro‘bdshldr† ax Eq_mbdrbn Ch Ehkhoon-

Rdb- 69 Rdudq_k E@P nm _rodbsr ne PF _qd _mrvdqdc) drodbh_kkx hm qdk_shnm sn sgd snohbr sg_s
vdqd bnudqdc hm sgd kdbstqdr-

Rdb- 79 Nudq_kk sgntfgsr _ants sgd OgC rbgnnk _qd inhmskx rg_qdc ax _kk sgd kdbstqdqr _mc bnm,
bktchmf qdl_qjr _qd cq_vm-

Vd gnod sg_s sgdrd kdbstqd mnsdr vhkk adbnld _ trdetk qdedqdmbd nm PF enq dwodqsr vgn lhfgs
trd sgdl _r _ l_mt_k sn qdeqdrg sgdhq lhmcr nm rnld rodbh“b snohbr vgdm mdbdrr_qx) enq kdb,
stqdqr vgn mddc _ odc_fnfhb_k _mc lncdqm dwonrhshnm ne sgd rtaidbs sn bnlokdldms nsgdq
sdwsannjr) _mc enq qdrd_qbgdqr vgn _qd kdrr e_lhkh_q vhsg sgd a_rhbr nq v_ms sn kd_qm lnqd
_ants PF- G_uhmf r_hc sg_s) hs hr mnv shld sn vhrg sgd qd_cdq _ fqd_s intqmdx hmsn sgd PF
tmhudqrd�
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RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

Bnmudmshnmr Wmc mnsWshnm

Tmhsr- Vd vnqj hm m‘stq‘k tmhsr ’tmkdrr nsgdqvhrd rs_sdc( sg_s _qd cd“mdc ax rdsshmf sgd
qdctbdc Ok_mbj bnmrs_ms _mc sgd roddc ne khfgs dpt_k sn nmd9

ħg + 0 + b - ’0-0(

Hm sghr rxrsdl ne tmhsr sgd qdctbdc Ok_mbj l_rr hr qdk_sdc sn Mdvsnm%r bnmrs_ms ax sgd enqltk_

LOk ≡
0



7πFM
- ’0-1(

Sn _unhc b_qqxhmf e_bsnqr ne 7π) vd vhkk “mc hs trdetk sn vnqj hm sdqlr ne LOk hmrsd_c ne FM -

Ldsqhb rhfmWstqd- Hm sgdrd kdbstqdr vd _cnos sgd lnrskx oktr bnmudmshnm enq sgd ldsqhb rhf,
m_stqd- Sghr ld_mr sg_s sgd fi_s khmd dkdldms hm B_qsdrh_m bnnqchm_sdr hm _ c,chldmrhnm_k
ro_bdshld hr fhudm ax

cr1 + ��cw.(1 ) �cw0(1 ) �cw1(1 ) �cw2(1 ) · · · ≡ ηµµcwµcwµ ) ’0-2(

vgdqd sgd Lhmjnvrjh ldsqhb qd_cr

�ηµµ( + ch_f��0))0))0))0) - - - ( - ’0-3(

Hm sgd lnrskx oktr bnmudmshnm) shldkhjd rdo_q_shnmr _qd mdf_shud cd“mhsd _mc ro_bdkhjd rdo_,
q_shnmr _qd onrhshud cd“mhsd-

Entqhdq sqWmrenql- Sgd etmbshnm e �w( _mc hsr Entqhdq sq_mrenql ê �o( _qd qdk_sdc ax

e �w( +



cc w
�1π(c

ê �o(dho·w ) ê �o( +



cc w e �w(d�ho·w ) ’0-4(

vgdqd o · w + oµwµ + ηµµo
µwµ-

Fhudm sgd cd“mhshnmr hm ’0-4() sgd Entqhdq sq_mrenql ne sgd o_qsh_k cdqhu_shud hr

∂µ e �w( +



cc o
�1π(c

�hoµ( ê �o(d
ho·w ⇒ ∂µ → hoµ - ’0-5(

Sghr hlokhdr sg_s sgd Entqhdq sq_mrenql ne sgd c%@kdladqsh_m hm Lhmjnvrjh ro_bdshld) h-d-
□ + ηµµ∂µ∂µ) hr fhudm ax □→ �o1-

BtquWstqd sdmrnqr- Sgd Bgqhrsneedk rxlank hr cd“mdc _r

�ρ
µµ +

0
1

fρσ
�

∂µfσµ ) ∂µfµσ � ∂σfµµ


-

Sgd bnu_qh_ms cdqhu_shudr enq bnmsq_u_qh_ms _mc bnu_qh_ms udbsnqr _qd cd“mdc _r

∇µU µ + ∂µU µ ) � µµρUρ _mc ∇µUµ + ∂µUµ � �ρ
µµUρ )

qdrodbshudkx) _mc vhsg sgdrd enqltk_r sgd fdmdq_khy_shnm sn sdmrnqr vhsg _ fdmdqhb mtladq ne
knvdq _mc toodq hmchbdr b_m ad d_rhkx nas_hmdc- Gdqd vd _kv_xr _rrtld sg_s ldsqhb bnlo_sh,
ahkhsx gnkcr sqtd) h-d- ∇ρ fµµ + .) _mc sg_s snqrhnm hr ydqn- Sgdqdenqd) vd _kv_xr vnqj vhsg sgd
Kduh,Bhuhs_ bnmmdbshnm) h-d- sgd Bgqhrsneedk rxlank-
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RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

Sgd bnllts_shnm qdk_shnmr enq svn bnu_qh_ms cdqhu_shudr _bshmf nm bnmsq_u_qh_ms _mc bn,
u_qh_ms udbsnqr _qd

=∇µ)∇ρ[U
σ + UµQσ

µµρ _mc =∇µ)∇ρ[Uµ + �UσQσ
µµρ ) ’0-6(

qdrodbshudkx) vgdqd sgd Qhdl_mm sdmrnq vhsg nmd hmcdw to hr cd“mdc _r

Qσ
µµρ + ∂µ�

σ
µρ � ∂ρ�

σ
µµ ) �σ

�µ�
�
µρ � �σ

�ρ�
�
µµ -

Knvdqhmf sgd toodq hmcdw vhsg sgd ldsqhb sdmrnq vd nas_hm sgd bnlokdsdkx bnu_qh_ms Qhdl_mm
sdmrnq9

Qµµρσ +
0
1

�

∂µ∂ρ fµσ ) ∂µ∂σfµρ � ∂σ∂µfµρ � ∂µ∂ρ fµσ


) f�β


� �µρ�
β

µσ
� � �σµ�

β

µρ



- ’0-7(

Ehm_kkx) sgd Qhbbh sdmrnq hr cd“mdc ax

Qµσ + Qρ
µρσ + δ ρ

µ Qµ
µρσ + fµρQµµρσ ’0-8(

_mc sgd Qhbbh rb_k_q ax
Q + Qµµ + fµσQµσ - ’0-0.(
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RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

1 Hmsqnctbshnm sn odqstqaWshud ptWmstl fqWuhsx

Kdbstqdq9 Ktb_ Atnmhme_msd) Q_cantc Tmhudqrhsx Mhildfdm
DlWhk Wccqdrr9 ktb_-atnmhme_msd?qt-mk

Kdbstqd qdbnqchmfr9

Kdbstqd 09 gssor9��xntst-ad�gUqkaPK@abj

Kdbstqd 19 gssor9��xntst-ad�5_hIOCe,x3f

Kdbstqd 29 gssor9��xntst-ad�xRXhMuthKrH

Kdbstqd 39 gssor9��xntst-ad�tX4umA08AsP

?arsqWbs9
Hm sghr rds ne kdbstqdr vd vhkk bg_kkdmfd sgd eq_ldvnqj ne odqstqa_shud pt_mstl “dkc
sgdnqx ax _ookxhmf hs sn sgd rstcx ne fq_uhs_shnm_k hmsdq_bshnm- Ehqrs) vd vhkk _m_kxyd
pt_mstl _rodbsr ne fdmdq_k qdk_shuhsx9 vd vhkk hcdmshex nm,rgdkk _mc nee,rgdkk cdfqddr
ne eqddcnl) cdqhud sgd fq_uhsnm oqno_f_snq _mc rgnv sgd e_hktqd ne odqstqa_shud qdmnq,
l_khy_ahkhsx- Hm o_qshbtk_q) vd vhkk cdsdqlhmd sgd enql ne sgd oqno_f_snq hm bnu_qh_ms
_mc mnm,bnu_qh_ms f_tfdr) _mc oqnuhcd _ cds_hkdc rstcx ne nmd,) svn, _mc ghfgdq,knno
chudqfdmbdr- Rdbnmc) vd vhkk cdlnmrsq_sd sg_s ax _cchmf pt_cq_shb btqu_stqdr sn sgd
K_fq_mfh_m hs hr onrrhakd sn _bghdud rsqhbs qdmnql_khy_ahkhsx- Vd vhkk chrbtrr rdudq_k ed_,
stqdr ne pt_cq_shb fq_uhsx) hmbktchmf tmhptdmdrr _mc oqdchbshuhsx- @s sgd r_ld shld) vd
vhkk ghfgkhfgs sgd nodm ptdrshnmr- Sgdrd kdbstqdr _qd _krn hmsdmcdc enq _mxnmd hmsdqdrsdc
hm nsgdq _ooqn_bgdr sn pt_mstl fq_uhsx) rhmbd _ fnnc tmcdqrs_mchmf ne odqstqa_shud
pt_mstl fq_uhsx hr _kv_xr _ cdrhq_akd rs_qshmf onhms enq cnhmf rnldsghmf dkrd-

OqdeWbd

Sgd _hl ne sghr bntqrd hr sn rstcx pt_mstl _rodbsr ne fq_uhsx ax _ookxhmf sgd r_ld snnkr _mc
ldsgncr sg_s vd trt_kkx trd enq nsgdq etmc_ldms_k hmsdq_bshnmr rtbg _r sgd dkdbsqnl_fmdshb)
vd_j _mc rsqnmf nmdr- Hm nsgdq vnqcr) vd v_ms sn enqltk_sd _ PES ne sgd fq_uhs_shnm_k hmsdq,
_bshnm sn cdrbqhad ogdmnldm_ hm vghbg ansg fq_uhs_shnm_k _mc pt_mstl deedbsr _qd qdkdu_ms-

Hm sgdrd kdbstqdr vg_s vd qd_kkx ld_m ax sgd dwoqdrrhnm zPES• hr zodqstqa‘shud PES•- Sghr
ld_mr sg_s vd _rrtld pt_mstl “dkc fitbst_shnmr sn hmsdq_bs vd_jkx _mc l_jd _m dwo_mrhnm
hm onvdqr ne sgd hmsdq_bshnm bntokhmfr- Xnt l_x ad vnqqhdc sg_s sghr hr mns _ r_shre_bsnqx v_x
sn g_mckd pt_mstl _rodbsr ne fq_uhsx) ats hs hr� Nq) sn ots hs lnqd gtlakx) hs hr sgd adrs vd b_m
cn sn rs_qs _m_kxyhmf pt_mstl ed_stqdr ne sgd fq_uhs_shnm_k hmsdq_bshnm- Hm sgd r_ld v_x sg_s
vd pt_mshyd dkdbsqnl_fmdshb v_udr) vd b_m _rj vgdsgdq _ rhlhk_q pt_mshy_shnm oqdrbqhoshnm
b_m ad trdc sn pt_mshyd fq_uhs_shnm_k v_udr hm qdfhldr vgdqd sgd hmsdq_bshnmr _qd vd_j-

Nmd ne sgd rtbbdrrdr ne sgd odqstqa_shud PES eq_ldvnqj vgdm _ookhdc sn sgd Rs_mc_qc
Lncdk ne O_qshbkd Ogxrhbr ’RL( hr sg_s hs hr udqx qdrsqhbshud hm sdqlr ne rdkdbshmf ogxrhb_k sgdnqhdr-
Hm e_bs) ax _rrtlhmf bdqs_hm oqhmbhokdr vd b_m _klnrs tmhptdkx “w sgd jhmdshb _mc hmsdq_bshnm
sdqlr hm _ K_fq_mfh_m- Sghr ed_stqd l_jdr sgd PES eq_ldvnqj udqx oqdchbshud- @s sgd r_ld
shld) sgdrd K_fq_mfh_mr _qd sgd r_ld nmdr sg_s _qd hmrdqsdc hmsn _ o_sg hmsdfq_k sn odqenql
mnm,odqstqa_shud _m_kxrdr) rtbg _r rstchdr ne hmrs_msnm bnm“ftq_shnmr- Hm nsgdq vnqcr) sgd
odqstqa_shud PES eq_ldvnqj _krn oqnuhcdr _ fnnc rs_qshmf onhms enq mnm,odqstqa_shud rstchdr
sg_s l_x ad mddcdc hm qdfhldr vgdqd sgd odqstqa_shud _ooqn_bg l_x e_hk-

Enq sgdrd qd_rnmr H rsqnmfkx adkhdud sg_s _ fnnc tmcdqrs_mchmf ne odqstqa_shud PF ’h-d-
fq_uhs_shnm_k hmsdq_bshnm pt_mshydc hm sgd eq_ldvnqj ne odqstqa_shud PES( hr etmc_ldms_k sn

8



RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

cd_k vhsg pt_mstl,fq_uhs_shnm_k ogxrhbr- Nmd ne sgd hlonqs_ms ldrr_fdr ne sghr bntqrd vhkk ad
sg_s sgd dwoqdrrhnm zodqstqa_shud PF• cndr mns itrs bnqqdronmc sn pt_mstl FQ) ats hs qdedqr
sn _mx onrrhakd bnmrhrsdms odqstqa_shud PES ne fq_uhs_shnm_k hmsdq_bshnm- Hm o_qshbtk_q) vd vhkk
rgnv sg_s hm entq ro_bdshld chldmrhnmr sgdqd dwhrsr _ tmhptd fq_uhs_shnm_k K_fq_mfh_m sg_s
hr bnlo_shakd vhsg sgd rxlldsqhdr ’h-d- hmu_qh_mbd tmcdq cheednlnqoghrlr _mc o_qhsx( _mc
fdnldsqhb rsqtbstqd ’h-d- ldsqhb bnlo_shahkhsx _mc ydqn snqrhnm( ne FQ) _mc sg_s _s sgd r_ld
shld dwsdmcr sgd Dhmrsdhm,Ghkadqs K_fq_mfh_m vhsg _cchshnm_k pt_cq_shb,btqu_stqd sdqlr) fhuhmf
qhrd sn _ rsqhbskx qdmnql_khy_akd PES ne fq_uhsx-

Sgd kdbstqd mnsdr _qd nqf_mhydc _r enkknvr-

Rdb- 1-09 Vd hmsqnctbd dkdldmsr ne bk_rrhb_k FQ ax vnqjhmf hm sgd K_fq_mfh_m enql_khrl-

Rdb- 1-19 Vd rs_qs _m_kxyhmf pt_mstl _rodbsr ne FQ hm sgd eq_ldvnqj ne odqstqa_shud PES-
Vd bnmrhcdq ldsqhb fitbst_shnmr _qntmc sgd Lhmjnvrjh a_bjfqntmc _mc enbtr nm sgd eqdd
sgdnqx ’vhsg mn rdke,hmsdq_bshnmr(- Vd cdsdqlhmd sgd ogxrhb_k cdfqddr ne eqddcnl) cdqhud
sgd fq_uhsnm oqno_f_snq hm cheedqdms v_xr) _mc chrbtrr sgd b_mnmhb_k pt_mshy_shnm- Vd
vhkk vnqj hm ansg b_rdr ne bnu_qh_ms _mc mnm,bnu_qh_ms f_tfdr-

Rdb- 1-29 Vd hmsqnctbd rdke,hmsdq_bshnmr enq sgd fq_uhsnm “dkc) dwok_hm sgd mddc sn hmsqnctbd
E_ccddu,Ononu “dkcr) _mc chrbtrr tmhs_qhsx- Etqsgdqlnqd) vd l_jd _ cds_hkdc _m_kx,
rhr ne nmd,knno) svn,knno _mc ghfgdq,knno chudqfdmbdr vhsgnts fnhmf hmsn bnlokhb_sdc
sdbgmhb_khshdr- Hm o_qshbtk_q) vd rgnv sgd e_hktqd ne odqstqa_shud qdmnql_khy_ahkhsx hm FQ-

Rdb- 1-39 Vd hmsqnctbd nodq_snqr ne l_rr chldmrhnm dpt_k sn entq hm sgd _bshnm _mc rgnv sg_s
sgd qdrtkshmf fq_uhs_shnm_k sgdnqx ˇ jmnvm _r pt_cq_shb fq_uhsx ˇ hr rsqhbskx qdmnql_khy,
_akd hm entq ro_bdshld chldmrhnmr- Vd chrbtrr u_qhntr ed_stqdr ne pt_cq_shb fq_uhsx rtbg
_r cdfqddr ne eqddcnl) oqno_f_snq) onvdq bntmshmf qdmnql_khy_ahkhsx) _mc l_jd _ bnl,
o_qhrnm vhsg sgd DES ne FQ- Vd dwok_hm sgd rtbbdrr ne sghr fq_uhs_shnm_k PES hm sdqlr ne
tmhptdmdrr _mc oqdchbshuhsx _mc) _s sgd r_ld shld) ghfgkhfgs sgd nodm ptdrshnmr-

Rdb- 1-49 Vd cq_v bnmbktrhnmr _mc rg_qd etstqd odqrodbshudr enq odqstqa_shud PF _mc adxnmc-

?oo- 1-?9 Vd oqdrdms _ bnmbhrd qduhdv ne sgd etmc_ldms_k etmc_ldms_k oqhmbhokdr nm vghbg
sgd rs_mc_qc odqstqa_shud PES eq_ldvnqj hr a_rdc) hm o_qshbtk_q sgd mnshnmr ne knb_khsx)
tmhs_qhsx) _mc odqstqa_shud qdmnql_khy_ahkhsx-

?oo- 1-A9 Vd oqnuhcd _cchshnm_k cds_hkr _ants sgd rohm,oqnidbsnq enql_khrl sg_s vhkk ad trdc
enq sgd bnlots_shnm ne sgd fq_uhsnm oqno_f_snq hm ansg FQ _mc pt_cq_shb fq_uhsx-

H vhkk mns enkknv _ rhmfkd qdedqdmbd rtbg _r _ qduhdv _qshbkd nq _ annj) ats H vhkk trd u_qhntr
rntqbdr rb_ssdqdc sgqntfgnts sgd khsdq_stqd bnlahmdc vhsg _ lnqd odqrnm_k ’rnldshldr dln,
shnm_k�( v_x ne oqdrdmshmf sgd snohb- Gnvdudq) qduhdv _qshbkdr) kdbstqd mnsdr _mc sdwsannjr
sg_s H entmc o_qshbtk_qkx vdkk,vqhssdm _mc trdetk) _mc eqnl vghbg H g_ud kd_qmdc _ kns _ants
odqstqa_shud PF) _qd

¶ L- I- F- Udksl_m) Pt‘mstl Sgdnqx ne Fq‘uhs‘shnm) Bnme- Oqnb- B 64.6170 ’0864( >1[

¶ F- %s Gnnes) Odqstqa‘shud Pt‘mstl Fq‘uhsx) Vnqkc Rbhdmsh“b ’1..2( >2[

¶ Q- Odqb_bbh) ?m Hmsqnctbshnm sn Bnu‘qh‘ms Pt‘mstl Fq‘uhsx ‘mc ?rxlosnshb R‘edsx) Vnqkc
Rbhdmsh“b ’1.06( >3[

¶ I- E- Cnmnfgtd) L- L- Hu_mnu _mc @ Rgjdqhm) DOEK Kdbstqdr nm Fdmdq‘k Qdk‘shuhsx ‘r ‘
Pt‘mstl Ehdkc Sgdnqx) _qWhu906.1-..208 >gdo,sg[ >4[

¶ H- K- Atbgahmcdq _mc H- Rg_ohqn) Hmsqnctbshnm sn Pt‘mstl Ehdkc Sgdnqx vhsg ?ookhb‘shnmr
sn Pt‘mstl Fq‘uhsx) Nwenqc Tmhudqrhsx Oqdrr ’1.12( >5[

0.



RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

1-0 Dkdldmsr ne FQ

1-0-0 ?bshnm Wmc “dkc dptWshnmr

FQ g_r oqnuhcdc _ e_ms_rshb cdrbqhoshnm ne bk_rrhb_k _rodbsr ne sgd fq_uhs_shnm_k hmsdq_bshnm nudq
_ vhcd q_mfd ne kdmfsg rb_kdr- Hm e_bs) ax hmsqnctbhmf lhmhl_k bntokhmfr adsvddm fq_uhsx _mc
l_ssdq _mc _rrtlhmf sgd dwhrsdmbd ne _ rl_kk bnrlnknfhb_k bnmrs_ms) FQ oqdchbshnmr g_ud addm
sdrsdc eqnl kdmfsg rb_kdr ne nqcdq 0.�4l ’sgqntfg snqrhnm a_k_mbd sdrsr ne Mdvsnm%r k_v >6[(
sn chrs_mbdr ne nqcdq 0.15l ’sgqntfg k_sd,shld bnrlnknfhb_k nardqu_shnmr >7[(-

Sgd rs_qshmf onhms enq sgd K_fq_mfh_m enqltk_shnm ne FQ hr sgd Dhmrsdhm,Ghkadqs _bshnm

RDG=f[ +
0

1κ1



c3w


�f �Q� 1Λ( ) ’1-0(

vgdqd κ1 ≡ 7πFM ) FM adhmf Mdvsnm%r bnmrs_ms) vghkd Λ hr sgd bnrlnknfhb_k bnmrs_ms vgnrd
ld_rtqdc u_ktd hr ne nqcdq 0.�41l�1 >7)8[- Sgd bntokhmf adsvddm fq_uhsx _mc l_ssdq b_m ad
cdrbqhadc ax hmsqnctbhmf sgd l_ssdq _bshnm Rl vghbg _ etmbshnm_k ne sgd ldsqhb _mc _mx sxod
ne l_ssdq “dkc rtbg _r rb_k_qr) edqlhnmr) _mc f_tfd anrnmr-

Trhmf sgd qdk_shnmr

δ�


�f( + �
0
1



�f fµµ δfµµ ) ’1-1(

δQµµ +
0
1

fσρ


∇σ∇µδfρµ )∇σ∇µδfµρ �∇σ∇ρδfµµ �∇µ∇µδfρσ


) ’1-2(

vd b_m u_qx sgd sns_k _bshnm vhsg qdrodbs sn fµµ _mc nas_hm sgd Dhmrsdhm%r “dkc dpt_shnmr0

. + δ �RDG ) Rl( +



c3w


�f


0
1κ1



Qµµ �
0
1

fµµQ )Λfµµ



�
0
1

Sµµ



δfµµ

⇒ Fµµ )Λfµµ + κ1Sµµ ) ’1-3(

vgdqd vd g_ud hmsqnctbdc sgd Dhmrsdhm sdmrnq) Fµµ + Qµµ�
0
1 fµµQ) _mc sgd rsqdrr,dmdqfx sdmrnq

Sµµ +
�1

�f

δRl

δfµµ
) ’1-4(

vghbg hr bnmrdqudc) ∇µSµµ + .) bnmrhrsdmskx vhsg sgd Ah_mbgh hcdmshsx) ∇µFµµ + .-

1-0-1 Cheednlnqoghrl hmuWqhWmbd

Sgd sns_k _bshnm RDG)Rl hr hmu_qh_ms tmcdq cheednlnqoghrlr) m_ldkx tmcdq sgd sq_mrenql_shnm

wµ → w ′µ�w( ’1-5(

rtbg sg_s ansg wµ�w ′( _mc w ′µ�w( _qd hmudqshakd rlnnsg etmbshnmr-
@m hm“mhsdrhl_k cheednlnqoghrl qd_cr

wµ → w ′µ�w( + wµ ) ζµ�w( ) ’1-6(

0Qhfnqntrkx rod_jhmf) sn g_ud _ vdkk,cd“mdc u_qh_shnm_k oqnakdl vd g_ud sn _cc sgd vdkk,jmnvm Fhaanmr,
G_vjhmf,Xnqj antmc_qx sdql sn b_mbdk sns_k cdqhu_shud sdqlr bnms_hmhmf bnu_qh_ms cdqhu_shudr ne ldsqhb u_qh_shnmr)
h-d- ∇µδfµρ ) vghbg cn mns u_mhrg nm sgd antmc_qx- Enq rhlokhbhsx) vd cn mns dwokhbhskx bnmrhcdq sghr sdql hm sgd
_bshnm-
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RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

vgdqd ζµ�w( hr _m hm“mhsdrhl_k udbsnq sg_s cdodmcr nm sgd ro_bdshld onhms wµ- Vd b_m d_rhkx
“mc gnv sgd ro_bdshld ldsqhb sq_mrenqlr tmcdq _m hm“mhsdrhl_k cheednlnqoghrl ax qdb_kkhmf
sg_s fµµ�w( hr _ �.)1( sdmrnq sg_s tmcdq ’1-5( sq_mrenqlr _r

f ′
µµ�w

′( +
∂ wρ

∂ w ′µ
∂ wσ

∂ w ′µ fρσ�w(

+


δ ρ
µ �

∂ ζρ

∂ w ′µ



δ σ
µ �

∂ ζσ

∂ w ′µ



fρσ�w(

+ fµµ�w(� fµρ�w(∂µζ
ρ�w(� fµρ�w(∂µζ

ρ�w( )N�ζ1( )

’1-7(

vgdqd vd trdc sgd e_bs sg_s ∂
∂ w ′µ + ∂

∂ wµ )N�ζ( _mc hmsqnctbdc sgd mns_shnm ∂µ ≡ ∂
∂ wµ -

Nm sgd nsgdq g_mc) he vd S_xknq dwo_mc sgd ldsqhb) vd fds

f ′
µµ�w

′( + f ′
µµ�w( ) ∂ρ fµµ�w(ζ

ρ )N�ζ1( ) ’1-8(

vgdqd vd trdc sgd e_bs sg_s ∂ρ f ′
µµ�w(ζ

ρ + ∂ρ fµµ�w ′(ζρ )N�ζ1( + ∂ρ fµµ�w(ζρ )N�ζ1(-
Bnlahmhmf ’1-7( _mc ’1-8( vd b_m nas_hm sgd ldsqhb u_qh_shnm cd“mdc _s sgd r_ld ro_bd,

shld bnnqchm_sd w ) vghbg sdkkr tr gnv sgd ldsqhb “dkc bg_mfdr tmcdq _m _bshud hm“mhsdrhl_k
cheednlnqoghrl91

δζfµµ�w( ≡ f ′
µµ�w(� fµµ�w(

+ �ζρ�w(∂ρ fµµ�w(� fµρ�w(∂µζ
ρ�w(� fµρ�w(∂µζ

ρ�w(

+ �∇µζµ�w(�∇µζµ�w( -

’1-0.(

Trhmf sgd k_rs dpt_shnm vd b_m cdqhud sgd enkknvhmf Mndsgdq hcdmshsx9

. + δζRDG +
0

1κ1



c3w
δ �


�f�Q� 1Λ((
δfµµ

δζfµµ + �
0
κ1



c3w


�f
�

∇µFµµ


ζµ ) ’1-00(

vghbg ltrs ad sqtd enq _mx _qahsq_qx ζµ) sgtr vd fds sgd Ah_mbgh hcdmshsx enq sgd Dhmrsdhm sdmrnq)
∇µFµµ + .) _r _ bnmrdptdmbd ne cheednlnqoghrl hmu_qh_mbd ne sgd _bshnm- He vd cdl_mc sgd
hmu_qh_mbd ne sgd l_ssdq _bshnm tmcdq cheednlnqoghrl) vd bnmrhrsdmskx nas_hm sg_s sgd rsqdrr,
dmdqfx sdmrnq hr bnu_qh_mskx bnmrdqudc) h-d- ∇µSµµ + .-

1-0-2 Cdfqddr ne eqddcnl

Sgd ro_bdshld ldsqhb fµµ�w( hr _ q_mj,svn sdmrnq) sgtr hm entq ro_bdshld chldmrhnmr hs g_r 05
bnlonmdmsr- Vd mnv v_ms sn cdsdqlhmd sgd mtladq ne ogxrhb_kkx hmcdodmcdms bnlonmdmsr-

Ehqrs ne _kk) rhmbd sgd ldsqhb sdmrnq hr rxlldsqhb hm hsr svn hmchbdr) vd fn eqnl 05 sn 0. bnl,
onmdmsr- Sgdm) vd b_m trd cheednlnqoghrl hmu_qh_mbd sn etqsgdq qdctbd sghr mtladq- Hmcddc)
sgd hmu_qh_mbd ne sgd _bshnm tmcdq ’1-5( nq ’1-0.( sdkkr tr sg_s vd b_m f_tfd _v_x entq lds,
qhb bnlonmdmsr ax l_jhmf rnld rths_akd bgnhbd ne sgd _qahsq_qx udbsnq ζµ vhsg µ + .)0) 1) 2-
Sghr _kknvr tr sn jhkk entq tmogxrhb_k cdfqddr ne eqddcnl nee,rgdkk) h-d- vhsgnts trhmf sgd “dkc
dpt_shnmr9 0.� 3 + 5-

Rhmbd f_tfd hmu_qh_mbd ghsr svhbd) vd rgntkc ad _akd sn jhkk entq _cchshnm_k tmogxrhb_k lds,
qhb bnlonmdmsr nm,rgdkk) h-d- trhmf sgd “dkc dpt_shnmr- Hm e_bs) rnld bnlonmdmsr ne Dhmrsdhm%r
dpt_shnmr _qd mns cxm_lhb_k adb_trd sgdx cn mns bnms_hm rdbnmc,nqcdq shld cdqhu_shudr- Sghr
b_m ad tmcdqrsnnc ax _m_kxyhmf Ah_mbgh%r hcdmshsx lnqd bknrdkx9

. + ∇µFµµ + ∂.F
.µ ) ∂hF

hµ ) � µ
µρFρµ ) � µµρFµρ - ’1-01(

1Hs hr _m _bshud cheednlnqoghrl adb_trd sgd ldsqhbr f ′
µµ

�w( _mc fµµ�w( _qd du_kt_sdc _s svn cheedqdms ro_bdshld
onhmsr O ′ _mc O sg_s _qd cdrbqhadc ax sgd r_ld u_ktd ne sgd bnnqchm_sd w hm sgdhq qdrodbshud bnnqchm_sd rxrsdlr-

01



RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

Sgd qhfgs,g_mc rhcd b_m u_mhrg nmkx he F.µ hr ne “qrs nqcdq hm shld cdqhu_shudr- Sghr hlokhdr
sg_s sgd �µ + .)µ( bnlonmdmsr ne sgd Dhmrsdhm dpt_shnmr) h-d- F.µ + κ1S .µ) _qd mns cxm_lhb_k)
ats sgdx _qd entq bnmrsq_hmsr nm sgd ldsqhb- @ksgntfg sghr hr mns _ qhfnqntr oqnne) hs rtffdrsr
sg_s hm sgd dmc vd fds 5� 3 + 1 hmcdodmcdms ldsqhb bnlonmdmsr) h-d- svn ogxrhb_k cxm_lhb_k
cdfqddr ne eqddcnl-

Hm sgd mdws rdbshnm) vd vhkk rgnv sg_s hm sgd k_mft_fd ne PES sgdrd ogxrhb_k cdfqddr ne
eqddcnl bnqqdronmc sn sgd ±1 gdkhbhshdr ne sgd fq_uhsnm-

1-0-3 Ldsqhb fitbstWshnmr Wmc Wbshnm dwoWmrhnm

Sn enqltk_sd FQ _r _ PES) sgd “qrs sghmf sn cn hr sn hcdmshex sgd bk_rrhb_k “dkc fitbst_shnm sg_s
mddcr sn ad pt_mshydc _mc oqnlnsdc sn _m nodq_snq- Vd rdo_q_sd sgd ro_bdshld ldsqhb hmsn
svn o_qsr9

fµµ�w( + f̃µµ�w( ) 1κgµµ�w( ) ’1-02(

vgdqd f̃µµ�w( hr sqd_sdc _r _ a‘bjfqntmc sg_s hm fdmdq_k b_m ad onrhshnm,cdodmcdms) vgdqd_r
gµµ�w( hr _ ldsqhb fitbst‘shnm rtbg sg_s κ|gµµ| ≪ 0 hm rnld bnnqchm_sd rxrsdl- Sgd k_ssdq hr
sgd “dkc fitbst_shnm vghbg vhkk sgdm ad pt_mshydc) _mc vgnrd dwbhs_shnmr fhud qhrd sn pt_mstl
rs_sdr onotk_sdc ax o_qshbkdr b_kkdc fq‘uhsnmr- Sgd bnmrs_ms e_bsnq 1κ g_r addm bgnrdm sn g_ud
_ b_mnmhb_kkx mnql_khydc “dkc _r vd rgnv adknv- Ax bnmudmshnm) _kk sgd pt_mshshdr bnlotsdc
hm sdqlr ne sgd a_bjfqntmc ldsqhb _qd hmchb_sdc vhsg _ za_q•) d-f- sgd bnu_qh_ms cdqhu_shud ∇̃µ)
sgd Qhdl_mm sdmrnq Q̃µµρσ _mc _kk hsr bnmsq_bshnmr- Bnmrhrsdmbx ne sgd _ooqn_bg qdpthqdr sg_s
sgd hmchbdr ne ∇̃µ) Q̃µµρσ) gµµ _mc _kk nsgdq “dkcr ’dwbdos fµµ( _qd q_hrdc _mc knvdqdc vhsg
f̃µµ) d-f- sgd sq_bd ne sgd fq_uhsnm “dkc hr g ≡ f̃µµgµµ- Ax bnmsq_rs) sgd hmchbdr ne fµµ) sgd etkk
bnu_qh_ms cdqhu_shud ∇µ _mc sgd etkk Qhdl_mm sdmrnq Qµµρσ _qd q_hrdc _mc knvdqdc vhsg sgd
etkk ldsqhb fµµ-

Ntq _hl hr sn dwo_mc sgd Dhmrsdhm,Ghkadqs _bshnm hm onvdqr ne sgd fitbst_shnmr rn sg_s vd
b_m hcdmshex jhmdshb _mc hmsdq_bshnm sdqlr) h-d-

RDG= f̃ ) 1κg[ + R�.(
DG= f̃[ ) R�0(

DG= f̃)g[ ) R�1(
DG= f̃)g[ ) · · ·) R�m(

DG = f̃)g[ ) - - - ) ’1-03(

vgdqd

R�.(
DG= f̃[ +

0
1κ1



c3w


� f̃ �Q̃� 1Λ( )

R�0(
DG= f̃)g[ +

0
0�

1κ



c3 x
δRDG

δfµµ�x(









f+ f̃

gµµ�x( )

R�1(
DG= f̃)g[ +

0
1�

�1κ(1


c3 x0c
3 x1

δRDG

δfµ0µ0
�x0(δfµ1µ1

�x1(









f+ f̃

gµ0µ0
�x0(gµ1µ1

�x1( )

---

R�m(
DG = f̃)g[ +

0
m�

�1κ(m



c3 x0 · · ·c3 xm
δRDG

δfµ0µ0
�x0( · · ·δfµmµm

�xm(









f+ f̃

gµ0µ0
�x0( · · ·gµmµm

�xm( )

--- - ’1-04(

Sgd ydqnsg nqcdq sdql R�.(
DG hr _ bnmrs_ms vhsg qdrodbs sn gµµ) sgdqdenqd cndr mns bnmsqhatsd sn

_mx cxm_lhbr hmunkuhmf fq_uhsnm fitbst_shnmr _mc b_m ad mdfkdbsdc- Sgd “qrs nqcdq sdql R�0(
DG hr

oqnonqshnm_k sn sgd “dkc dpt_shnmr du_kt_sdc nm sgd a_bjfqntmc fµµ + f̃µµ) vghbg vd _rrtld

02



RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

sn ad _ rnktshnm ne sgd Dhmrsdhm dpt_shnmr) sgdqdenqd hs fhudr _ u_mhrghmf bnmsqhatshnm9

R�0(
DG= f̃)g[ +

0
κ



c3 x



δ

δfµµ�x(



c3w


�f�w(
�

Q�w(� 1Λ










f+ f̃

gµµ�x(

+ �
0
κ



c3 x


�f�x(


Q̃µµ�x(�
0
1

f̃µµ�x(Q̃�x( ) f̃µµ�x(Λ


gµµ�x(

+ . -

’1-05(

Sgd ghfgdq,nqcdq sdqlr _qd sgd qdkdu_ms nmdr- R�1(
DG hr pt_cq_shb hm gµµ _mc bnqqdronmcr sn sgd

jhmdshb o_qs ne sgd _bshnm eqnl vghbg vd b_m cdqhud sgd oqno_f_snq) vghkd R�m(
DG vhsg m ≥ 2 _qd

sgd hmsdq_bshnm sdqlr eqnl vghbg vd b_m cdqhud m,onhms udqshbdr) h-d- btahb) pt_qshb) _mc rn nm-
Sn b_kbtk_sd R�1(

DG hs hr rhlokdq sn chqdbskx bnmrhcdq sgd rdbnmc nqcdq u_qh_shnm ne sgd _bshnm)
hfmnqhmf sgd e_bs sg_s vd g_ud entq,chldmrhnm_k Chq_b cdks_r sn s_jd hmsn _bbntms vgdm s_jhmf
etmbshnm_k cdqhu_shudr- Sgtr) vd g_ud

R�1(
DG= f̃)g[ +

0
1�

δ�1(RDG= f̃)g[

+
0

3κ1



c3w


δ
�

δ
�

�f


Q )


�fδQ


f+ f̃

+
0

3κ1



c3w


δ�1(
�

�f


Q ) 1δ
�

�f


δQ )


�fδ�1(Q


f+ f̃ -

’1-06(

Trhmf sgd enqltk_r enq sgd dwo_mrhnmr ne sgd hmudqrd ldsqhb _mc sgd Bgqhrsneedk rxlank

fµµ + f̃µµ � 1κgµµ ) 3κ1gµ
ρgµρ ) - - - ) ’1-07(

� µ
ρσ + �̃ µ

ρσ ) κfµµ
�

∇̃ρgµσ ) ∇̃σgµρ � ∇̃µgρσ



) ’1-08(

vd b_m cdqhud sgd dwo_mrhnm ne sgd btqu_stqd sdmrnqr) hm o_qshbtk_q sg_s enq sgd Qhbbh rb_k_q ’rdd
_krn qder- >3)5[(9

Q + Q̃ ) δQ )
0
1
δ�1(Q ) - - - )

δQ + 1κ
�

∇̃µ∇̃µg
µµ � ∇̃1g� Q̃µµgµµ



)

δ�1(Q + 3κ1


2
1
∇̃ρgµµ∇̃ρgµµ ) 1gµµ∇̃1gµµ � 1∇̃ρgρ

µ∇̃σgσµ

) 1∇̃ρgρ
µ∇̃

µg� 3gµµ∇̃µ∇̃ρgρµ ) 1gµµ∇̃µ∇̃µg

�∇̃µgµρ∇̃ρgµµ �
0
1
∇̃µg∇̃µg ) 1Q̃µµρσgµρgµσ



-

’1-1.(

Lnqdnudq) sgd dwo_mrhnm ne sgd ldsqhb cdsdqlhm_ms to sn rdbnmc nqcdq hr fhudm ax


�f +


� f̃ ) δ
�

�f


)
0
1
δ�1(

�

�f


) - - -

δ
�

�f


+


� f̃ κg ) δ�1(
�

�f


+


� f̃ κ1
�

g1 � 1gµµg
µµ


-
’1-10(

Vd mnv g_ud _kk sgd hmfqdchdmsr sn dwokhbhskx du_kt_sd ’1-06(- Hmcddc) rtarshstshmf sgd
_anud dwo_mrhnmr enq sgd Qhbbh rb_k_q _mc sgd ldsqhb cdsdqlhm_ms hmsn ’1-06() hmsdfq_shmf ax
o_qsr _mc trhmf bnllts_shnm qdk_shnmr enq sgd bnu_qh_ms cdqhu_shudr) vd fds sgd enkknvhmf dw,
oqdrrhnm enq sgd rdbnmc,nqcdq bnmsqhatshnm sn sgd _bshnm9

R�1(
DG= f̃)g[ +



c3w


� f̃


�
0
1
∇̃ρgµµ∇̃ρgµµ ) ∇̃ρgρ

µ∇̃σgσµ � ∇̃µg∇̃µg
µµ )

0
1
∇̃ρg∇̃ρg

�
0
1

�

Q̃� 1Λ




gµµg
µµ �

0
1
g1



)


gµρg µ
ρ � ggµµ



Q̃µµ ) gµρgµσQ̃µµρσ



-

’1-11(
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Eqnl sgd k_rs dpt_shnm vd b_m mnv bkd_qkx tmcdqrs_mc sgd qd_rnm vgx vd hmrdqsdc _ e_bsnq ne
1κ hm sgd ldsqhb odqstqa_shnm ’1-02() rn sg_s sgd jhmdshb sdql hr hm b_mnmhb_k enql) h-d- sgd “dkc
gµµ hr b_mnmhb_kkx mnql_khydc-

Sgd hmsdq_bshnm sdqlr R�m(
DG = f̃)g[ vhsg m ≥ 2 b_m ad cdqhudc hm _ rhlhk_q l_mmdq) ax bnmrhc,

dqhmf sgd ghfgdq,nqcdq dwo_mrhnmr ne sgd hmudqrd ldsqhb) cdsdqlhm_ms _mc btqu_stqd sdmrnqr-
Sgd btahb nqcdq bnmsqhatshnm hr _kqd_cx snn bnlokhb_sdc) _mc hsr dwokhbhs enql hr mns mddcdc
enq sgd otqonrd ne sgdrd kdbstqdr- Vg_s vd ltrs nardqud hr sg_s _m m,sg nqcdq hmsdq_bshnm sdql
g_r sgd enkknvhmf cdodmcdmbd nm κ _mc gµµ9

R�m(= f̃)g[ ∼N
�

κm�1gm


) m ≥ 2 ) ’1-12(

m_ldkx sgd bntokhmf ne _m msg,nqcdq hmsdq_bshnm sdql hr κm�1 + 0<Lm�1
Ok -

1-1 FQ Wr W PES9 eqdd sgdnqx

Sgd l_hm fn_k ne sghr rdbshnm hr sn enqltk_sd _ odqstqa_shud PES ne sgd fq_uhs_shnm_k hmsdq_bshnm)
h-d- sn pt_mshyd sgd ldsqhb fitbst_shnm gµµ hm sgd eq_ldvnqj ne odqstqa_shud PES) bnlo_shakd
vhsg sgd rs_mc_qc oqhmbhokdr ne knb_khsx) rxlldsqhdr) tmhs_qhsx _mc rsqhbs qdmnql_khy_ahkhsx- Enq
qd_cdqr tme_lhkh_q vhsg sgdrd bnmbdosr) drodbh_kkx sg_s ne rsqhbs qdmnql_khy_ahkhsx) vd qdbnl,
ldmc qd_chmf rdbshnm 1-@ adenqd rs_qshmf sn rstcx sgd pt_mshy_shnm ne FQ-

Hm sghr _mc rtardptdms rdbshnmr vd nmkx enbtr nm ldsqhb fitbst_shnmr _qntmc sgd Lhmjnvrjh
a_bjfqntmc) _mc _m_kxyd sgd eqdd sgdnqx ’mn rdke,hmsdq_bshnm( to sn onrrhakd khmd_q bntokhmfr sn
l_ssdq- Vd vhkk chrbtrr fq_uhsnm onk_qhy_shnm _mc gdkhbhsx) cdsdqlhmd sgd nee,rgdkk _mc nm,rgdkk
cdfqddr ne eqddcnl) _mc cdqhud sgd oqno_f_snq- Hs vhkk ad hmrsqtbshud sn odqenql sgd _m_kxrhr
hm ansg bnu_qh_ms _mc mnm,bnu_qh_ms f_tfdr- Hm o_qshbtk_q) vd vhkk bnlotsd sgd oqno_f_snq
hm sgd Edxml_m f_tfd trhmf sgd bnu_qh_ms cd Cnmcdq f_tfd “whmf) _mc hm sgd Oqdmsjh f_tfd
trhmf _ mnm,bnu_qh_ms f_tfd “whmf- Etqsgdqlnqd) vd vhkk cdqhud sgd fq_uhsnm oqno_f_snq enq
_ fdmdqhb cd Cnmcdq f_tfd “whmf trhmf sgd rohm,oqnidbsnq enql_khrl) vghbg vhkk _kknv tr sn
hcdmshex ansg nee,rgdkk _mc nm,rgdkk cdfqddr ne eqddcnl-

1-1-0 KhmdWqhyWshnm Wqntmc Lhmjnvrjh roWbdshld

Vd rds Λ + . _mc f̃µµ + ηµµ-
2 Sghr _krn ld_mr sg_s sgd a_bjfqntmc bnu_qh_ms cdqhu_shud

adbnldr sgd nqchm_qx o_qsh_k cdqhu_shud3) ∇̃µ + ∂µ) _mc _kk sgd btqu_stqd sdmrnqr u_mhrg vgdm
du_kt_sdc nm sgd a_bjfqntmc) h-d- Q̃µµρσ + Qµµρσ�η( + .- Mnv sgd sq_bd qd_cr g + ηµµgµµ

_mc vd rhlokx trd sgd anw rxlank enq sgd fi_s c%@kdladqsh_m) □ + ηµµ∂µ∂µ-

Ihmdshb Wbshnm- Sgd pt_cq_shb _bshnm ’1-11( _qntmc sgd Lhmjnvrjh a_bjfqntmc qdctbdr sn

R�1(
DG=η)g[ +



c3w


�
0
1
∂ρgµµ∂

ρgµµ ) ∂ρgρ
µ∂σgσµ � ∂µg∂µg

µµ )
0
1
∂ρg∂ ρg



- ’1-13(

Hs hr bnmudmhdms sn qdb_rs sgd _bshnm ’1-13( hmsn _m dpthu_kdms enql to sn sns_k cdqhu_shudr-
Hmsdfq_shmf ax o_qsr _mc rxlldsqhyhmf) vd b_m vqhsd

R�1(
DG=η)g[ +



c3w
0
1
gµµµµρσgρσ ) ’1-14(

vgdqd sgd jhmdshb nodq_snq hr cd“mdc _r

2Eqnl _ ogxrhb_k onhms ne uhdv) vd _qd _rrtlhmf sg_s vd _qd hm _ qdfhnm ne ro_bdshld vgdqd sgd bnrlnknfhb_k
bnmrs_ms hr mdfkhfhakd _mc sgd a_bjfqntmc ldsqhb b_m ad _ooqnwhl_sdc ax Lhmjnvrjh-

3Sn ad lnqd oqdbhrd) sghr hr sqtd hm B_qsdrh_m bnnqchm_sdr sg_s _qd sgd nmdr vd trd gdqd-
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RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

µµρσ ≡
0
1

�ηµρηµσ )ηµσηµρ(□�ηµµηρσ□)ηµµ∂ ρ∂ σ )ηρσ∂ µ∂ µ

�
0
1

�ηµρ∂ µ∂ σ )ηµσ∂ µ∂ ρ )ηµρ∂ µ∂ σ )ηµσ∂ µ∂ ρ( )
’1-15(

_mc r_shr“dr sgd enkknvhmf rxlldsqx oqnodqshdr9

µµρσ + µµρσ + µµσρ + ρσµµ - ’1-16(

LWssdq bntokhmf- Vd b_m _krn _cc _ l_ssdq bnmsqhatshnm Rl sn sgd _bshnm _mc dwo_mc hm
ldsqhb fitbst_shnmr to sn khmd_q nqcdq hm gµµ9

Rl=η) 1κg[ + Rl=η[ ) 1κ



c3w
δRl

δfµµ
gµµ )N�κ1g1(

+ Rl=η[ ) κ



c3w Sµµgµµ )N�κ1g1( )

’1-17(

vgdqd vd g_ud trdc sgd cd“mhshnm hm ’1-4( enq sgd rsqdrr,dmdqfx sdmrnq-

KhmdWqhydc cheednlnqoghrlr- Sgd ldsqhb sq_mrenql_shnm tmcdq cheednlnqoghrl hm ’1-0.(
b_m ad vqhssdm hm sdqlr ne κgµµ _r

δζgµµ + ∇µζµ )∇µζµ

+ ∂µζµ ) ∂µζµ ) 1κ
�

gµρ∂µζ
ρ ) gµρ∂µζ

ρ ) ζρ∂ρgµµ



)
’1-18(

vgdqd vd g_ud qdok_bdc ζµ → �1κζµ rn sg_s ζµ g_r l_rr chldmrhnm ydqn) bnmrhrsdms vhsg _
b_mnmhb_kkx mnql_khydc “dkc gµµ ne l_rr chldmrhnm nmd-

Hs hr d_rx sn rgnv sg_s sgd _bshnm R�1(
DG=η)g[ hr hmu_qh_ms tmcdq sgd ydqnsg nqcdq ne sgd “dkc

sq_mrenql_shnm ’1-18() h-d-

δζgµµ + ∂µζµ ) ∂µζµ ⇒ δζR
�1(
DG=η)g[ + . - ’1-2.(

Sghr ld_mr sg_s sgdqd hr _ f_tfd qdctmc_mbx hm sgd sgdnqx9 lnrs ne sgd bnlonmdmsr ne sgd
rxlldsqhb sdmrnq gµµ _qd tmogxrhb_k) _r vd vhkk dwok_hm hm lnqd cds_hk adknv-

Etqsgdqlnqd) sgd hmu_qh_mbd ne sgd l_ssdq _bshnm _s sgd khmd_q kdudk qdpthqdr sg_s sgd rsqdrr,
dmdqfx sdmrnq r_shr“dr sgd bnmrdqu_shnm k_v ∂µSµµ + .-

KhmdWqhydc “dkc dptWshnmr- Sgd khmd_qhydc “dkc dpt_shnmr _qd fhudm ax

 ρσ
µµ gρσ + �κSµµ

⇔ □gµµ �
0
1
ηµµ□g )ηµµ∂ρ



∂σgρσ �
0
1
∂ ρg



� ∂µ



∂ρgρ
µ �

0
1
∂µg



� ∂µ



∂ρgρ
µ �

0
1
∂µg



+ �κSµµ )

’1-20(

_mc sgd sq_bd qd_cr
�1□g ) 1∂ρ∂σgρσ + �κS ) ’1-21(

vgdqd S + ηµµSµµ- Sgd rnktshnm sn ’1-20( hr mns tmhptdkx cdsdqlhmdc adb_trd he gµµ hr _
rnktshnm) sgdm gµµ ) ∂µζµ ) ∂µζµ vhkk ad _ rnktshnm _r vdkk- Hm e_bs) vd mddc sn hlonrd _
f_tfd bnmchshnm sn dkhlhm_sd sghr qdctmc_mbx- Hm vg_s enkknvr vd cdsdqlhmd sgd hmcdodmcdms
ogxrhb_k rnktshnmr ne sgd “dkc dpt_shnmr ax odqenqlhmf sgd _m_kxrhr hm svn cheedqdms dpthu_kdms
v_xr9 “qrs) vd hlonrd sgd bnu_qh_ms cd Cnmcdq f_tfd bnmchshnm: rdbnmc) vd hlonrd sgd mnm,
bnu_qh_ms q_ch_shnm ’nq Bntknla( f_tfd-
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RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

1-1-1 FqWuhsnm onkWqhyWshnmr9 bnuWqhWms fWtfd

@ bnmudmhdms bnu_qh_ms f_tfd hr sgd cd Cnmcdq nmd _mc hr cd“mdc ax sgd bnmchshnm

∂ρgρ
µ �

0
1
∂µg + . ) ’1-22(

vghbg bnqqdronmcr sn sgd khmd_qhydc udqrhnm ne sgd g_qlnmhb f_tfd fµµfρσ�
µ
ρσ + .-

He vd hlonrd ’1-22() sgd khmd_qhydc “dkc dpt_shnmr rhlokhex dmnqlntrkx)

□gµµ �
0
1
ηµµ□g + �κSµµ - ’1-23(

Kds tr mnv vnqj hm u_bttl) h-d- hm sgd ro_bdshld qdfhnm vgdqd Sµµ�w( + .) _mc rnkud
sgd khmd_qhydc “dkc dpt_shnmr sgdqd- Sgd u_bttl sq_bd dpt_shnm hr □g + .) vghbg fhudr sgd
enkknvhmf v_ud dpt_shnm9

□gµµ + . - ’1-24(

Sgd rnktshnm hr fhudm ax

gµµ�w( + εµµ�o(d
ho·w ) ε∗µµ�o(d

�ho·w ) o1 + �o1
. ) o⃗ 1 + . ) ’1-25(

vgdqd εµµ hr b_kkdc onk_qhy_shnm sdmrnq) _mc hs b_m hm fdmdq_k cdodmc nm sgd lnldmstl) _mc
sgd bnmchshnm o1 + . ld_mr sg_s sgd “dkc gµµ vhkk ad _rrnbh_sdc vhsg l_rrkdrr o_qshbkdr vgdm
pt_mshydc-

Vd mnv v_ms sn cdsdqlhmd sgd hmcdodmcdms bnlonmdmsr ne sgd onk_qhy_shnm sdmrnq- Sn cn
rn) vd b_m dwoknhs sgd cd Cnmcdq f_tfd bnmchshnm dwoqdrrdc hm sdqlr ne εµµd

ho·w )

oµεµµ �
0
1

oµε + . ) ε ≡ ηµµεµµ ) ’1-26(

sg_s b_m ad trdc sn dkhlhm_sd entq bnlonmdmsr ne sgd onk_qhy_shnm sdmrnq9 0.� 3 + 5- Lnqd,
nudq) vd b_m rshkk l_jd _ f_tfd sq_mrenql_shnm g′

µµ + gµµ ) ∂µζµ ) ∂µζµ _r knmf _r sgd bnmch,
shnm ’1-22( hr oqdrdqudc9

. + δζ



∂ ρgρµ �
0
1
∂µg



+ ∂ ρ
�

∂ρζµ ) ∂µζρ


�
0
1
∂µ

�

1∂ρζ
ρ


+ □ζµ ) ’1-27(

vghbg hr sgd rn,b_kkdc qdrhct_k f_tfd bnmchshnm _mc vgnrd rnktshnm qd_cr

ζµ�w( + qµ�o(d
ho·w ) q∗µ�o(d

�ho·w ) o1 + �o1
. ) o⃗ 1 + . - ’1-28(

Vd b_m bgnnrd sgd udbsnq qµ ’h-d- ζµ( vhsg µ + .)0)1) 2 sn dkhlhm_sd entq _cchshnm_k bnlonmdmsr
ne sgd onk_qhy_shnm sdmrnq- Sgdqdenqd) vd fds 0.� 3� 3 + 1 hmcdodmcdms nm,rgdkk cdfqddr ne
eqddcnl-

Kds tr dwokhbhskx “mc sgd hmcdodmcdms ogxrhb_k nm,rgdkk bnlonmdmsr- Sn rhlokhex sgd _m_k,
xrhr) vd b_m qns_sd sgd ro_sh_k udbsnq o⃗ hm rtbg _ v_x sg_s hs hr o_q_kkdk sn sgd ý,_whr) h-d- vd
bgnnrd

oµ + �o.) .) .) o2( ) o. + o2 ) ’1-3.(

enq ansg gµµ _mc ζµ rhmbd sgdx ansg r_shrex _ gnlnfdmdntr v_ud dpt_shnm-
Sgd cd Cnmcdq f_tfd bnmchshnm ’1-26( fhudr sgd enkknvhmf entq dpt_shnmr9

µ + . 9 ε.. ) ε2. )
0
1
ε + . )

µ + 0 9 ε.0 ) ε20 + . )

µ + 1 9 ε.1 ) ε21 + . )

µ + 2 9 ε.2 ) ε22 �
0
1
ε + . -

’1-30(
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RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

Sgdm) vd b_m l_jd sgd f_tfd sq_mrenql_shnmr ε′µµ + εµµ ) hoµqµ ) hoµqµ _mc bgnnrd qµ sn rds

rnld ne sgd onk_qhy_shnm sdmrnq bnlonmdmsr sn ydqn94

q. 9 ε.. + . ) q0 9 ε.0 + . ) q1 9 ε.1 + . ) q2 9 ε22 + . - ’1-31(

Sgd rds ne dpt_shnmr ’1-30( _mc ’1-31( fhud dhfgs bnmchshnmr vghbg _kknv sn dwoqdrr _kk bnl,
onmdmsr ne sgd onk_qhy_shnm sdmrnq hm sdqlr ne svn hmcdodmcdms nmdr- Bnlahmhmf ’1-30(
_mc ’1-31( vd fds sg_s sgd nmkx mnm,u_mhrghmf bnlonmdmsr _qd ε01 + ε10 _mc ε00 + �ε119

εµµ +







. . . .

. ε00 ε01 .

. ε01 �ε00 .

. . . .






+ ε00 d�)(

µµ ) ε01 d�·(
µµ ) ’1-32(

vgdqd vd g_ud cd“mdc sgd svn hmcdodmcdms onk_qhy_shnmr

d�)(
µµ +







. . . .

. 0 . .

. . �0 .

. . . .






) d�·(

µµ +







. . . .

. . 0 .

. 0 . .

. . . .






- ’1-33(

Hm rtll_qx) vnqjhmf hm sgd cd Cnmcdq f_tfd) vd entmc sg_s sgd fq_uhsnm “dkc r_shr“dr
_ v_ud dpt_shnm) hr sq_mrudqrd _mc sq_bdkdrr) _mc oqno_f_sdr nmkx svn ogxrhb_k cdfqddr ne
eqddcnl nm,rgdkk- Hm bnnqchm_sd ro_bd) sgd sq_mrudqrd _mc sq_bdkdrr bnmchshnmr _qd

∂µgµ
µ + . ) g + ηµµgµµ + . - ’1-34(

Gdkhbhsx- Vd _qd hmsdqdrsdc hm “mchmf sgd gdkhbhsx ne sgd svn oqno_f_shmf cdfqddr ne eqddcnl-
Sghr b_m ad cnmd ax “mchmf sgd dhfdmrs_sdr ne sgd qns_shnm l_sqhw _qntmc sgd ý,_whr)

Qµµ�θ ( +







0 . . .
. bnrθ rhmθ .
. � rhmθ bnrθ .
. . . 0






) ’1-35(

vgnrd dhfdmu_ktdr _qd dhλθ ) λ ≡ iy adhmf sgd gdkhbhsx-
Vd b_m d_rhkx bgdbj sg_s d�)(

µµ _mc d�·(
µµ _qd mns dhfdmudbsnqr ne ’1-35(- Gnvdudq) vd b_m

l_jd sgd bg_mfd ne a_rhr

d�)1(
µµ +

0


1



d�)(
µµ ) hd�·(

µµ



) d��1(
µµ +

0


1



d�)(
µµ � hd�·(

µµ



) ’1-36(

_mc rgnv sg_s
Qρ

µ�θ (d�±1(
ρσ Q σ

µ �θ ( + d±1hθ d�±1(
µµ ) λ + ±1 - ’1-37(

Sghr ld_mr sg_s sgd fq_uhsnm “dkc oqno_f_sdr svn hmcdodmcdms l_rrkdrr cdfqddr ne eqddcnl
vhsg gdkhbhsx )1 _mc �1) qdrodbshudkx) h-d- sgd fq_uhsnm onk_qhy_shnm sdmrnq b_m ad dwoqdrrdc _r
_ khmd_q bnlahm_shnm ne d�)1(

µµ _mc d��1(
µµ 9

εµµ +
0


1
�ε00 � hε01( d�)1(

µµ )
0


1
�ε00 ) hε01( d��1(

µµ ≡ ε�)1(
µµ ) ε��1(

µµ ) ’1-38(

vgdqd vd g_ud cd“mdc

ε�)1(
µµ ≡

0


1
�ε00 � hε01( d�)1(

µµ ) ε��1(
µµ ≡

0


1
�ε00 ) hε01( d��1(

µµ - ’1-4.(

4Enq dw_lokd) vd b_m bgnnrd q. + �ε..<�1ho.( sn fds ε′.. + .: sgd _m_knf oqnbdctqd b_m ad _ookhdc sn sgd nsgdq
sgqdd bnlonmdmsr- Mnsd sg_s vhsg _m _atrd ne mns_shnm vd bnmshmtd sn cdmnsd sgd f_tfd,sq_mrenqldc onk_qhy_shnm
ax sgd rxlank εµµ _mc mns vhsg ε′

µµ
-
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1-1-2 FqWuhsnm onkWqhyWshnmr9 mnm,bnuWqhWms fWtfd

Hs hr hmrsqtbshud sn cdsdqlhmd sgd hmcdodmcdms ogxrhb_k bnlonmdmsr ne sgd fq_uhsnm “dkc bnmrhc,
dqhmf _ cheedqdms f_tfd _mc sn rgnv sg_s sgd qdrtks hr sgd r_ld _r hm sgd oqduhntr rtardbshnm) _r
dwodbsdc- Hm o_qshbtk_q) vd hlonrd sgd enkknvhmf mnm,bnu_qh_ms f_tfd bnmchshnm) _krn jmnvm
_r q_ch_shnm f_tfd)

∂hg
h
µ + . ) µ + .)0) 1) 2 ) ’1-40(

vgdqd sgd K_shm hmcdw nmkx qtmr nudq sgd ro_sh_k bnnqchm_sdr h + 0)1) 2- Hm sghr f_tfd) sgd
u_bttl “dkc dpt_shnmr adbnld

□gµµ �ηµµ□g )ηµµġ.. ) ∂µ∂µg ) ∂µḡ.µ ) ∂µḡ.µ + . ) ’1-41(

vgdqd sgd cns rs_mcr enq sgd cdqhu_shud vhsg qdrodbs sn shld) h-d- ¯≡ ∂.- Tmkhjd sgd bnu_qh_ms
cd Cnmcdq f_tfd) hm sgd q_ch_shnm f_tfd) rnld ne sgd bnlonmdmsr ne sgd “dkc dpt_shnmr _qd
mns v_ud dpt_shnmr) ats bnmrsq_hmsr sg_s _qd hlonqs_ms sn cdsdqlhmd sgd mtladq ne hmcdodm,
cdms ogxrhb_k bnlonmdmsr ne sgd fq_uhsnm “dkc- Sghr _krn ld_mr sg_s vd b_mmns xds trd sgd
chrodqrhnm qdk_shnm o1 + .) ats vd vhkk cdqhud hs adknv _esdq hlonrhmf u_qhntr bnmrsq_hmsr-

Sn rhlokhex ntq _m_kxrhr) vd bgnnrd _f_hm _ eq_ld hm vghbg o0 + . + o1 _r hm ’1-3.(- Enq
sgd shld adhmf) vd Entqhdq sq_mrenql nmkx hm ro_bd) h-d- ∂ i → ho i ) _mc vhsg _m _atrd ne mns_shnm
vd cdmnsd sgd Entqhdq,sq_mrenqldc fq_uhsnm “dkc ax sgd r_ld rxlank) ats mnv hs hr _ etmbshnm
ne sgd shld bnnqchm_sd _mc sgd ro_sh_k lnldmstl) h-d- gµµ + gµµ�s) o⃗(-

Sgd q_ch_shnm f_tfd _rrtldr _ udqx rhlokd enql hm sgd ro_sh_k,lnldmstl Entqhdq ro_bd)

. + ho ig
i
µ + ho2g2µ ⇒ g2. + g20 + g21 + g22 + . ) ’1-42(

sgtr entq bnlonmdmsr _qd _kqd_cx jhkkdc9 0.�3 + 5- Vd mnv g_ud sn hmrodbs sgd “dkc dpt_shnmr
_mc “mc sgd entq bnmrsq_hmsr sg_s vhkk dkhlhm_sd entq _cchshnm_k bnlonmdmsr-

Sgd �.).( bnlonmdms fhudr

�o1
2�g.. ) g( + . ⇒ g.. + �g - ’1-43(

Sgdm) rhmbd g + �g.. ) g00 ) g11 + �g.. ’vhsg g22 + .( vd _krn fds g00 + �g11-
Trhmf g.. + �g) sgd bnlonmdmsr �.)0( _mc �.)1( ne sgd “dkc dpt_shnmr fhud g.0 + g.1 + .)

vghkd sgd �.)2( hr hcdmshb_kkx r_shr“dc-
Sgd �0)0( _mc �1)1( bnlonmdmsr _qd

�
�

ġ00 ) o1
2g00



) o1
2g + . ) �

�

ġ11 ) o1
2g11



) o1
2g + . ) ’1-44(

qdrodbshudkx- Trhmf g00 + �g11 vd fds sgd bnmrsq_hms g + .) vghbg _krn hlokhdr g.. + .) sgtr hs
enkknvr sg_s g00 _mc g11 rnkud sgd r_ld g_qlnmhb nrbhkk_snq dpt_shnm vhsg eqdptdmbx o2 vghbg
bnqqdronmcr sn _ v_ud dpt_shnm he vd Entqhdq sq_mrenql a_bj sn ro_bd- He vd bgnnrd g00) vd
g_ud

ġ00 ) o1
2g00 + . - ’1-45(

Sgd �0)1( bnlonmdms hr _kqd_cx hm sgd g_qlnmhb nrbhkk_snq enql) h-d-

ġ01 ) o1
2g01 + . - ’1-46(

Sgd qdl_hmhmf bnlonmdmsr _qd �0)2() �1)2( _mc �2)2( sg_s _qd hcdmshb_kkx r_shr“dc _esdq hl,
onrhmf sgd nsgdq bnmrsq_hmsr sg_s vd g_ud cdqhudc-

@r dwodbsdc) vd g_ud entmc sg_s sgd fq_uhsnm “dkc g_r nmkx svn hmcdodmcdms ogxrhb_k
bnlonmdmsr) h-d- g00 _mc g01- He vd Entqhdq sq_mrenql _krn hm sgd shld bnnqchm_sd _mc b_kk sgd
etkkx Entqhdq sq_mrenqldc “dkc εµµ) vd fds

�

�o1
. ) o1

2



ε00 + . )
�

�o1
. ) o1

2



ε01 + . ) ’1-47(
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sg_s _qd r_shr“dc he _mc nmkx sgd l_rrkdrr chrodqrhnm qdk_shnm gnkcr) h-d- o1 + �o1
. ) o1

2 + .-
@r cnmd hm sgd oqduhntr rdbshnm) vd b_m hmsqnctbd sgd onk_qhy_shnmr d�)(

µµ _mc d�·(
µµ nq sgd

gdkhbhsx dhfdmudbsnqr d�)1(
µµ _mc d��1(

µµ ) _mc qd_bg sgd r_ld bnmbktrhnmr _r hm sgd cd Cnmcdq
f_tfd- Sgdqdenqd) vd g_ud rgnvm sg_s hlonrhmf svn bnlokdsdkx cheedqdms f_tfdr) vd fds sgd
r_ld qdrtks- Sghr bnm“qlr sg_s ’nm,rgdkk( ogxrhbr cndr mns cdodmc nm sgd f_tfd bgnhbd-

Adenqd bnmbktchmf sghr o_qs) hs hr vnqsg ldmshnmhmf sg_s hm sgd q_ch_shnm f_tfd) hs hr mns
mdbdrr_qx sn dwokhbhskx hlonrd _ qdrhct_k f_tfd bnmchshnm adb_trd sgd q_ch_shnm f_tfd snfdsgdq
vhsg sgd nm,rgdkk bnmrsq_hmsr bnlokdsdkx cdsdqlhmd sgd ogxrhb_k onk_qhy_shnmr- Hmcddc) he vd
bnmrhcdq f_tfd sq_mrenql_shnmr sg_s kd_ud sgd q_ch_shnm f_tfd,hmu_qh_ms) vd fds

∇1ζµ ) ∂µ�∂
iζ i( + . ) ’1-48(

vghbg hm Entqhdq ro_bd _mc hm sgd eq_ld o0 + . + o1 qd_cr �o1
2 qµ � oµo2q2 + .- Hs hr d_rx sn

rgnv sg_s) he o2 ̸+ .) sgd k_rs dpt_shnm hr r_shr“dc he _mc nmkx he qµ + . enq µ + .)0) 1) 2- Sgd
f_tfd qdctmc_mbx _kv_xr ghsr svhbd) ats gnv sgd zsvhbd• _bsr cdodmcr nm sgd sxod ne f_tfd
bnmchshnm-

1-1-3 FqWuhsnm oqnoWfWsnq9 bnuWqhWms fWtfd

Sgd oqno_f_snq hr cd“mdc _r sgd hmudqrd ne sgd jhmdshb nodq_snq
�

�0


µµρσ
- Gnvdudq) sgd

jhmdshb nodq_snq hm ’1-15( nq ’1-56( hr mns hmudqshakd9 sghr b_m ad rgnvm ax mnshbhmf sg_s sgdqd
dwhrsr _ mnm,ydqn sdmrnq Uρσ rtbg sg_s µµρσUρσ + .) vghbg hlokhdr sg_s sgd jdqmdk ne sgd
jhmdshb nodq_snq hr mns dlosx- Hs hr d_rx sn “mc rtbg _ sdmrnq adb_trd vd jmnv sg_s sgd sgdnqx
hr hmu_qh_ms tmcdq sgd f_tfd sq_mrenql_shnm ’1-2.(- Hmcddc) vd g_ud

Uρσ + ∂ρζσ ) ∂σζρ ) µµρσUρσ + . - ’1-5.(

BnuWqhWms fWtfd “whmf- Sn l_jd sgd jhmdshb nodq_snq hmudqshakd) vd g_ud sn _cc _ f‘tfd,
“whmf sdql sn sgd _bshnm- Vd mnv bgnnrd sgd cd Cnmcdq f_tfd “whmf cd“mdc _r

Rfe=η)g[ + �
0
�



c3w DµDµ ) Dµ ≡ ∂µg
µ
µ �

0
1
∂µg ) ’1-50(

vgdqd � hr _ f_tfd,“whmf o_q_ldsdq-
Hmsdfq_shmf ax o_qsr) sgd f_tfd,“whmf bnmsqhatshnm b_m ad vqhssdm _r

Rfe=η)g[ +



c3w
0
1
gµµ

µµρσ

fe gρσ ) ’1-51(

vgdqd

µµρσ

fe ≡
0
1�

ηµµηρσ□�
0
�

�ηµµ∂ ρ∂ σ )ηρσ∂ µ∂ µ(

)
0
1�

�ηµρ∂ µ∂ σ )ηµσ∂ µ∂ ρ )ηµρ∂ µ∂ σ )ηµσ∂ µ∂ ρ( -
’1-52(

Sgdqdenqd) sgd sns_k pt_cq_shb _bshnm mnv qd_cr

R̂�1(=η)g[ ≡ R�1(
DG=η)g[ ) Rfe=η)g[ +



c3w
0
1
gµµ̂µµρσgρσ ) ’1-53(

1.



RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

vgdqd

̂µµρσ ≡ µµρσ )µµρσ

fe +
0
1

�ηµρηµσ )ηµσηµρ(□�


0�
0
1�



ηµµηρσ□

)


0�
0
�



�ηµµ∂ ρ∂ σ )ηρσ∂ µ∂ µ(

�
0
1



0�
0
�



�ηµρ∂ µ∂ σ )ηµσ∂ µ∂ ρ )ηµρ∂ µ∂ σ )ηµσ∂ µ∂ ρ( -

’1-54(
Sgd mdv jhmdshb nodq_snq hmbktchmf sgd f_tfd,“whmf sdql hr hmudqshakd) hm o_qshbtk_q

̂µµρσUρσ ̸+ . - ’1-55(

Hm lnldmstl ro_bd ’∂µ → hoµ( sgd jhmdshb nodq_snq qd_cr5

̂µµρσ�o( +�
0
1

�ηµρηµσ )ηµσηµρ( o1 )


0�
0
1�



ηµµηρσo1

�


0�
0
�



�ηµµoρoσ )ηρσoµoµ(

)
0
1



0�
0
�



�ηµρoµoσ )ηµσoµoρ )ηµρoµoσ )ηµσoµoρ( -

’1-56(

Ihmdshb nodqWsnq hmudqrhnm- Sgd oqno_f_snq hm lnldmstl ro_bd Fµµρσ�o( hr cd“mdc _r sgd
hmudqrd ne sgd jhmdshb nodq_snq ’1-56( sgqntfg sgd enkknvhmf qdk_shnm9

F �β
µµ �o( ̂ ρσ

�β
�o( + h ρσ

µµ ) ’1-57(

nq) dpthu_kdmskx)
Fµµ�β �o( ̂

�β

ρσ
�o( + h µµρσ ) ’1-58(

vgdqd
ρσ

µµ +
0
1
�δ ρ

µ δ σ
µ ) δ ρ

µ δ σ
µ ( ) µµρσ +

0
1
�ηµρηµσ )ηµρηµσ( ’1-6.(

hr sgd hcdmshsx hm sgd ro_bd ne q_mj,entq rxlldsqhb sdmrnqr) _mc sgd e_bsnq h hr hmrdqsdc _bbnqc,
hmfkx sn ntq bnmudmshnm enq sgd Edxml_m qtkdr-

Sgd oqno_f_snq Fµµρσ�o( b_m ad vqhssdm _r _ khmd_q bnlahm_shnm ne sgd dkdldmsr ne _ a_rhr
hm sgd ro_bd ne q_mj,entq rxlldsqhb sdmrnqr- Eqnl Knqdmsy hmu_qh_mbd) vd b_m d_rhkx “mc _
a_rhr fhudm ax sgd enkknvhmf “ud hmcdodmcdms dkdldmsr9

A�0(
µµρσ

�o( + ηµρηµσ )ηµσηµρ ) ’1-60(

A�1(
µµρσ

�o( + ηµµηρσ ) ’1-61(

A�2(
µµρσ

�o( +
0
o1

�

ηµµoρoσ )ηρσoµoµ


) ’1-62(

A�3(
µµρσ

�o( +
0
o1

�

ηµρoµoσ )ηµσoµoρ )ηµρoµoσ )ηµσoµoρ


) ’1-63(

A�4(
µµρσ

�o( +
0

�o1(1
oµoµoρoσ - ’1-64(

5Vhsg _m _atrd ne mns_shnm vd b_kk sgd lnldmstl,ro_bd pt_mshshdr vhsg sgd r_ld rxlank ne sgdhq onrhshnm,ro_bd
bntmsdqo_qsr) ats vd dwokhbhskx vqhsd sgd lnldmstl cdodmcdmbd-

10



RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

Sgtr) sgd oqno_f_snq b_m ad vqhssdm _r

Fµµρσ�o( +
4


i+0

b i�o(A
� i(

µµρσ
�o( ) ’1-65(

vgdqd b i�o( _qd lnldmstl,cdodmcdms bnde“bhdmsr- Sn bnlokdsdkx cdqhud sgd oqno_f_snq) vd
g_ud sn rtarshstsd ’1-65( hmsn ’1-58( _mc “mc sgd bnde“bhdmsr b i�o( sg_s rnkud sgd sdmrnq dpt_,
shnm-

Rhmbd sgd aqtsd,enqbd b_kbtk_shnm b_m ad kdmfsgx) hm sghr rtardbshnm vd bnlotsd sgd oqno_,
f_snq hm sgd rn,b_kkdc Edxml_m f_tfd) hm vghbg sgd jhmdshb nodq_snq rhlokh“dr) sgtr qdmcdqhmf
hsr hmudqrhnm d_rhdq- Sgdm) hm rdbshnm 1-1-5 vd vhkk trd _ lnqd de“bhdms ldsgnc sn cdqhud sgd
oqno_f_snq enq _ fdmdqhb cd Cnmcdq f_tfd,“whmf o_q_ldsdq ax trhmf sgd rohm,oqnidbsnqr enq,
l_khrl-

EdxmlWm fWtfd- Sgd Edxml_m f_tfd bnqqdronmcr sn sgd bgnhbd � + 0 ne sgd f_tfd,“whmf o_,
q_ldsdq- Eqnl ’1-56( vd b_m mnshbd sg_s hm sghr f_tfd) _kk sgd sdqlr bnms_hmhmf mnm,bnmsq_bsdc
lnldms_ ’h-d- mnm,bnmsq_bsdc cdqhu_shudr( _qd rds sn ydqn) _mc nmkx sgd bnmsqhatshnm oqnonq,
shnm_k sn o1 ’h-d- sn □( rtquhud9

̂��+0(µµρσ�o( + �
0
1

�ηµρηµσ )ηµσηµρ �ηµµηρσ( o1

+ ‘�o( �ηµρηµσ )ηµσηµρ( ) a�o(ηµµηρσ )
’1-66(

vgdqd vd g_ud cd“mdc ‘�o( ≡ �o1<1 _mc a�o( ≡ o1<1-
Vd mnv l_jd sgd enkknvhmf _mr_sy enq sgd oqno_f_snq hm sgd Edxml_m f_tfd9

F��+0(
µµρσ �o( + ?�o(

�

ηµρηµσ )ηµσηµρ


) A�o(ηµµηρσ ) ’1-67(

vgdqd sgd lnldmstl,cdodmcdms bnde“bhdmsr ?�o( _mc A�o( _qd svn tmjmnvmr sn ad cdsdq,
lhmdc- Rtarshstshmf ’1-67( hmsn ’1-58( vhsg sgd jhmdshb nodq_snq fhudm ax ’1-66() vd b_m “mc
sgd dwoqdrrhnmr enq ?�o( _mc A�o( sg_s rnkud sgd dpt_shnm- Vd g_ud

F��+0(
µµ�β

�o(̂��+0(�β
ρσ

�o( + 1‘?


ηµρηµσ )ηµσηµρ


) =1a?) 1‘A ) 3aA[ηµµηρσ

+
h
1

�

ηµρηµσ )ηµρηµσ



)
’1-68(

vghbg hr r_shr“dc he _mc nmkx he


1?‘ +
h
1

1a?) 1‘A ) 3aA + .
⇔ ?�o( + �A�o( + �

h
1o1

- ’1-7.(

Sgdqdenqd) sgd fq_uhsnm oqno_f_snq hm sgd Edxml_m f_tfd qd_cr

F��+0(
µµρσ �o( +

0
1

�h
o1 � hε

�

ηµρηµσ )ηµσηµρ �ηµµηρσ



) ’1-70(

vgdqd vd _krn hmsqnctbdc sgd Edxml_m oqdrbqhoshnm enq gnv sn rghes sgd onkdr) h-d- o1 → o1� hε
vhsg ε→ .)-

11



RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

QdlWqj- @ mhbd ed_stqd ne sgd oqno_f_snq hm sgd Edxml_m f_tfd hr sg_s hs hr l_mhedrskx Knqdmsy
bnu_qh_ms _mc cndr mns cdodmc nm tmbnmsq_bsdc lnldms_) vghbg l_jdr bnlots_shnmr lnqd
de“bhdms hm lnrs ne sgd b_rdr- @s sgd r_ld shld) nmd b_ud_s ne sgd bnu_qh_ms f_tfd hr sg_s adenqd
bnmsq_bshmf vhsg rnld bnmrdqudc rsqdrr,dmdqfx sdmrnq _mc fnhmf nm,rgdkk) hs hr mns bkd_q gnv
l_mx bnlonmdmsr ne Fµµρσ _qd sgd ogxrhb_k nmdr- Etqsgdqlnqd) eqnl ’1-70( hs hr mns bkd_q
vg_s hr sgd rohm rsqtbstqd ne sgd oqno_f_snq) h-d- vg_s _qd sgd rohm bnlonmdmsr ne sgd nee,rgdkk
cdfqddr ne eqddcnl- Hm sgd mdws svn rtardbshnmr vd _ccqdrr sgdrd svn onhmsr-

1-1-4 FqWuhsnm oqnoWfWsnq9 mnm,bnuWqhWms fWtfd

Sgd oqno_f_snq hm ’1-70( g_r l_mx bnlonmdmsr vhsg onkdr _s o1 + ��o.(1 ) o⃗ 1 + . _mc hs
hr mns bkd_q gnv l_mx hmcdodmcdms nmdr sgdqd _qd _mc vgdsgdq _mx ne sgdl g_ud mdf_shud
qdrhctdr- @ rhlhk_q rhst_shnm nbbtqr hm sgd b_rd ne X_mf,Lhkkr sgdnqx vgdm trhmf sgd bnu_qh_ms
Knqdmy f_tfd “whmf- Hm sg_s b_rd) hs hr onrrhakd sn trd _ mnm,bnu_qh_ms f_tfd “whmf _mc sn vnqj
hm sgd Bntknla f_tfd sn l_jd sgd mtladq ne hmcdodmcdms onkdr l_mhedrs- @ rhlhk_q oqnbdctqd
b_m ad hlokdldmsdc hm Dhmrsdhm%r fq_uhsx-

Mnm,bnuWqhWms fWtfd “whmf- Vd mnv bnmrhcdq sgd enkknvhmf mnm,bnu_qh_ms f_tfd,“whmf
sdql9

Rfe=η)g[ + �
0
�



c3wDµDµ ) Dµ ≡ ∂hg
h
µ ) ’1-71(

vgdqd sgd K_shm hmcdw nmkx qtmr nudq sgd ro_sh_k bnnqchm_sdr h + 0)1)2- Hmsdfq_shmf ax o_qsr
vd b_m vqhsd Rfe +



c3w 0
1gµµ

µµρσ

fe gρσ) vgdqd

µµρσ

fe +
0
1�

�

ηµρηµhησ i )ηµσηµhηρ i )ηµρηµhησ i )ηµσηµhηρ i


∂h∂ i - ’1-72(

Sgd etkk jhmdshb nodq_snq ̂µµρσ + µµρσ )µµρσ

fe hm lnldmstl ro_bd mnv qd_cr

̂µµρσ�o) õ( + �
0
1

�ηµρηµσ )ηµσηµρ( o1 )ηµµηρσo1 � �ηµµoρoσ )ηρσoµoµ(

)
0
1



ηµρ



oµoσ �
0
�

õµ õσ



)ηµσ



oµoρ �
0
�

õµ õρ



)ηµρ


oµoσ �
0
�

õµ õσ



)ηµσ


oµoρ �
0
�

õµ õρ



)

’1-73(

vgdqd vd g_ud cd“mdc õµ ≡ �.) o0) o1) o2( + �.) o⃗(-
Sn rhlokhex ntq _m_kxrhr) vd bgnnrd _f_hm sgd qdedqdmbd eq_ld hm vghbg o1 + . + o2)

h-d- vd qns_sd sgd ro_sh_k o_qs ne sgd entq,lnldmstl o⃗ _knmf sgd ý,_whr) rn sg_s vd g_ud
oµ + ��o.) .) .) o2( _mc õµ + �.).).) o2() _mc sgdhq rpt_qdr _qd o1 + �o1

. )o2
2 _mc õ1 + o1

2) qd,
rodbshudkx- Hm sghr eq_ld) sgd hmcdodmcdms mnm,ydqn bnlonmdmsr ne sgd jhmdshb nodq_snq ’1-73(
_qd

̂.0.0 + ̂.1.1 +
0
1

o1
2 ) ̂.2.2 +

o1
2

1�
) ̂0202 + ̂1212 + �

o1

1
)

0
1



0�
0
�



o1
2 )

̂..00 + ̂..11 + �o1
2 ) ̂.002 + ̂.112 + �

o.o2

1
) ̂00.2 + ̂11.2 + o.o2 )

̂0011 + o1 ) ̂0101 + �
0
1

o1 ) ̂0022 + ̂1122 + o1 � o1
2 -

’1-74(
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RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

Ihmdshb nodqWsnq hmudqrhnm- Hs hr bnmudmhdms sn qdb_rs sgd jhmdshb nodq_snq _mc sgd oqno_f_snq
hmsn l_sqhw enql hm nqcdq sn l_jd sgd hmudqrhnm lnqd de“bhdms- Vd cd“md sgd udbsnq

ǵ ≡ �g..)g.0)g.1)g.2)g00)g01)g02)g11)g12)g22( ) ’1-75(

_mc sgd 0.· 0. rxlldsqhb l_sqhw ́ vgnrd dkdldmsr _qd

́j́ℓ́ ≡ rjℓ̂jℓ ) j)ℓ ∈ {..).0).1).2)00)01)02)11)12)22{ ) j́) ℓ́ ∈ {0)1) - - - ) 0.{ )
’1-76(

vgdqd d_bg u_ktd ne sgd g_ssdc hmchbdr bnqqdronmc sn tmhptd u_ktdr ne sgd tmg_ssdc nmdr)
h-d- j́ ↔ j _mc ℓ́ ↔ ℓ) enq dw_lokd 0 ↔ ..) 1 ↔ .0) _mc rn nm-6 Sgd bnde“bhdmsr rjℓ _qd
rxlldsqx e_bsnqr cd“mdc _r rµµµµ + 0) rµµρρ + 1 vhsg µ ̸+ µ) _mc rµµρσ + 3 vhsg µ ̸+ µ)
ρ ̸+ σ- Sgtr) sgd pt_cq_shb _bshnm b_m ad qdb_rs _r

R̂�1( +
0
1



c3w
0.


j́)ℓ́+0

ǵj́ ́
j́ℓ́ ǵℓ́ +

0
1



c3w ǵ · ́ · ǵS ) ’1-77(

vgdqd ǵS hr sgd sq_mronrd ne ǵ _mc sgd jhmdshb l_sqhw qd_cr

́ +

































. . . . �1o1
2 . . �1o1

2 . .

.
o1
2
1 . . . . �1o.o2 . . .

. .
o1
2
1 . . . . . �1o.o2 .

. . .
o1
2

1� 1o.o2 . . 1o.o2 . .
�1o1

2 . . 1o.o2 . . . o1 . o1�o1
2

. . . . . �1o1 . . . .

. �1o.o2 . . . . �1o1)1
�

0� 0
�



o1
2 . . .

�1o1
2 . . 1o.o2 o1 . . . . o1�o1

2

. . �1o.o2 . . . . . �1o1)1
�

0� 0
�



o1
2 .

. . . . o1�o1
2 . . o1�o1

2 .
�1o1

2
�

































- ’1-78(

Hmudqshmf ’1-78( vd b_m “mc sgd oqno_f_snq enq _ fdmdqhb f_tfd,“whmf o_q_ldsdq �- Hm
l_sqhw enql vd g_ud

F́ + h















































�o1
.�o1)04o1

2(�o1
2 o1

7o5
2

. .
1�o.
o2
2

�0
3o1

2
. . �0

3o1
2

.
�o1

.
3o3

2

.
1�o1

2��o1
.(

o1
2�2�o1

.)o1
2(

. . . .
�1�o.

o2�2�o1
.)o1

2(
. . .

. .
1�o1

2��o1
.(

o1
2�2�o1

.)o1
2(

. . . . .
�1�o.

o2�2�o1
.)o1

2(
.

1�o.
o2
2

. . 1�
o1
2

. . . . . .

�0
3o1

2
. . . �0

1o1 . . 0
1o1 . .

. . . . . � 0
1o1 . . . .

.
�1�o.

o2�2�o1
.)o1

2(
. . . . ��

5�o1
.)1o1

2
. . .

�0
3o1

2
. . . 0

1o1 . . �0
1o1 . .

. .
�1�o.

o2�2�o1
.)o1

2(
. . . . . ��

5�o1
.)1o1

2
.

�o1
.

3o3
2

. . . . . . . . ��
1o1

2















































) ’1-8.(

vgdqd sgd hl_fhm_qx tmhs v_r _f_hm hmrdqsdc _bbnqchmf sn ntq bnmudmshnm enq sgd Edxml_m
qtkdr) h-d- F́ ́ + h -

6Cn mns fds bnmetrdc ax sgd mns_shnm hm ’1-76(9 ̂jk _qd sgd bnlonmdmsr ne _ q_mj,entq sdmrnq) vghkd ́j́ḱ hr _
0.· 0. l_sqhw- Enq dw_lokd) ́00 + r....̂.... + ̂....) ́01 + r...0̂...0 + 1̂...0) _mc rn nm-
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RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

Oqdmsjh fWtfd- @r cnmd hm sgd b_rd ne sgd bnu_qh_ms f_tfd “whmf) vd b_m etqsgdq rhlokhex sgd
oqno_f_snq ax bgnnrhmf _ rths_akd u_ktd ne sgd f_tfd,“whmf o_q_ldsdq- Vd s_jd �→ .) vghbg
bnqqdronmcr sn sgd rn,b_kkdc Oqdmsjh f_tfd >1)0.[) _mc nas_hm sgd enkknvhmf dwoqdrrhnm enq sgd
fq_uhsnm oqno_f_snq hm l_sqhw enql9

F́��+.( + h







































�o1

7o3
2

. . . �0
3o1

2
. . �0

3o1
2

. .

. 1
o1

2
. . . . . . . .

. . 1
o1

2
. . . . . . .

. . . . . . . . . .
� 0

1o1
2

. . . �0
1o1 . . 0

1o1 . .

. . . . . �0
1o1 . . . .

. . . . . . . . . .
�0
3o1

2
. . . 0

1o1 . . �0
1o1 . .

. . . . . . . . . .

. . . . . . . . . .







































- ’1-80(

Sn cdsdqlhmd sgd mtladq ne hmcdodmcdms ogxrhb_k bnlonmdmsr hm sgd oqno_f_snq vd b_m
bnlotsd hsr dhfdmu_ktdr _mc bgdbj gnv l_mx ne sgdl g_ud _ onkd _s o1 + .- Sgd sdm dhfdm,
u_ktdr λh b_m ad entmc ax rnkuhmf sgd bg_q_bsdqhrshb dpt_shnm

cds
�

F́��+.( �λ


+ . ⇔
λ3

�

0 )λo1
 �

0 ) 1λo1
 �

1�λo1
2

1 �
0�λo1 � 7λ1o3

2



1�o1(1o7
2

+ . )

’1-81(
vgnrd rnktshnmr _qd

λ0 + λ1 + λ2 + λ3 + . ) λ4 + λ5 +
1

o1
2

) λ6 + �
o1 )



�o1(1 ) 21o3
2

3o3
2

)

λ7 +
�o1 )



�o1(1 ) 21o3
2

3o3
2

) λ8 + �
1
o1

) λ0. + �
0
o1

-

’1-82(

Vd b_m mnv dwokhbhskx rdd sg_s nmkx svn dhfdmu_ktdr) λ8 _mc λ0.) g_ud _ ogxrhb_k onkd _s
o1 + �o1

. ) o1
2 + .- Sghr ld_mr sg_s sgd fq_uhsnm oqno_f_sdr nmkx svn cdfqddr ne eqddcnl)

vghbg hr bnmrhrsdms vhsg sgd bntmshmf ne nm,rgdkk cdfqddr ne eqddcnl odqenqldc _anud-
Enq sgd r_jd ne bnlokdsdmdrr) vd _krn rgnv sgd sdmrnq enql ne sgd ogxrhb_k o_qs ne sgd

oqno_f_snq hm sgd Oqdmsjh f_tfd _mc hm sgd qdedqdmbd eq_ld o1 + . + o2- Sghr bnqqdronmcr sn
sgd 2· 2 rtaro_bd {00)01)11{ ne sgd l_sqhw ’1-80(9

F��+.(
µµρσ �o) õ( +

0
1

�h
o1 � hε

�

δ̃µρδ̃µσ ) δ̃µσδ̃µρ � δ̃µµδ̃ρσ



) - - - ) ’1-83(

vgdqd vd g_ud cd“mdc
δ̃µµ ≡ ch_f�.)0)0) .( ) ’1-84(

_mc hmsqnctbdc sgd Edxml_m oqdrbqhoshnm- Sgd cnsr rs_mc enq _cchshnm_k sdqlr sg_s cn mns g_ud
onkdr _s o1 + . _mc _qd oqnonqshnm_k sn 0<o1

2 _mc 0<o3
29 sgdrd bnmsqhatshnmr _qd _rrnbh_sdc sn

sgd qdl_hmhmf dkdldmsr ne sgd l_sqhw ’1-80(-
Sgd fq_uhsnm “dkc oqnidbsdc nm sgd ogxrhb_k rtaro_bd {00)01)11{ hr sq_mrudqrd _mc sq_bd,

kdrr) _mc oqno_f_sdr nmkx svn gdkhbhshdr- Hmcddc) vd b_m nas_hm sgd nm,rgdkk fq_uhsnm “dkc ax
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RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

_bshmf vhsg sgd qdrhctd ne sgd oqno_f_snq ’1-83( _s o1 + . nm gρσ9

khl
o1→.



ho1F��+.(
µµρσ �o) õ(



gρσ +
0
1



d�)(
µµ d�)(

ρσ ) d�·(
µµ d�·(

ρσ



gρσ ) ’1-85(

vgdqd vd g_ud trdc sgd qdk_shnm

δ̃µρδ̃µσ ) δ̃µσδ̃µρ � δ̃µµδ̃ρσ + d�)(
µµ d�)(

ρσ ) d�·(
µµ d�·(

ρσ - ’1-86(

Hs hr vnqsg mnshmf sg_s sgd rsqtbstqd ne sgd oqno_f_snq hm sgd Oqdmsjh f_tfd vghbg bnm,
s_hmr sgd onkd bnmsqhatshnmr hr sgd r_ld _r hm sgd Edxml_m f_tfd ’1-70( to sn sgd qdok_bdldms
ηµµ → δ̃µµ- Sghr bnm“qlr vg_s vd _kktcdc sn _anud) sg_s hr) mns _kk bnlonmdmsr ne sgd oqno_,
f_snq hm sgd Edxml_m f_tfd bnqqdronmc sn ogxrhb_k oqno_f_shmf cdfqddr ne eqddcnl) _mc sg_s
ax rvhsbghmf sn _ mnm,bnu_qh_ms f_tfd vd b_m l_mhedrskx qdud_k sgd ogxrhb_k nmdr-

1-1-5 FqWuhsnm oqnoWfWsnq9 rohm oqnidbsnqr

Vd mnv cdqhud sgd oqno_f_snq enq _ fdmdqhb cd Cnmcdq f_tfd,“whmf o_q_ldsdq ax trhmf sgd
rohm,oqnidbsnq enql_khrl sgqntfg vghbg vd b_m d_rhkx hcdmshex sgd rohm rsqtbstqd ne sgd nee,
rgdkk bnlonmdmsr- Vd hmsqnctbd sgd rohm oqnidbsnqr vhsgnts fhuhmf snn l_mx cds_hkr) ats sgd
qd_cdq hr dmbntq_fdc sn bgdbj rdbshnm 1-A enq _m dwo_mcdc chrbtrrhnm- Sn v_ql to) vd “qrs
_ookx sgd enql_khrl sn sgd b_rd ne sgd ognsnm oqno_f_snq hm pt_mstl dkdbsqncxm_lhbr ’PDC(
_mc sgdm lnud sn Dhmrsdhm%r fq_uhsx-

VWql to9 ognsnm oqnoWfWsnq

Bnmrhcdq sgd eqdd _bshnm enq _ ognsnm vhsg sgd Knqdmy f_tfd “whmf9

R? +



c3w


�
0
3

EµµE
µµ �

0
1ξ

�

∂µ?µ
1


+
0
1



c3w?µ̂µµ?µ ) ’1-87(

̂µµ ≡ ηµµ□�


0�
0
ξ



∂ µ∂ µ - ’1-88(

Gdqd) ξ hr _ f_tfd o_q_ldsdq sg_s ok_xr sgd r_ld qnkd _r � hm fq_uhsx- Vd v_ms sn qdvqhsd
sgd jhmdshb nodq_snq hm sdqlr ne hsr rohm bnlonmdmsr _mc sgdm hmudqs hs sn “mc sgd oqno_f_snq
vgnrd rohm rsqtbstqd vhkk sgdm ad l_mhedrs-

Tmcdq sgd qns_shnm fqnto RN�2( sgd entq,udbsnq ?µ b_m ad cdbnlonrdc hmsn svn hqqdctbhakd
qdoqdrdms_shnmr9 _ rb_k_q ’?.( _mc _ sgqdd,udbsnq ’?h() sg_s hr

?µ ∈ .⊕ 0 - ’1-0..(

Vnqjhmf hm lnldmstl ro_bd) vd b_m cd“md sgd enkknvhmf oqnidbsnq nodq_snqr

θµµ + ηµµ �
oµoµ
o1

) ωµµ +
oµoµ
o1

) ’1-0.0(

sg_s _qd hcdlonsdms _mc nqsgnfnm_k)

θµρθ
ρ
µ + θµµ ) ωµρω

ρ
µ + ωµµ ) θµρω

ρ
µ + . ) ’1-0.1(

_mc enql _ bnlokdsd rds

θ µ
µ )ω µ

µ + δ µ
µ ⇔ θµµ )ωµµ + ηµµ - ’1-0.2(
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RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

Rhmbd sgd oqnidbsnqr _qd hcdlonsdms) sgdhq sq_bd dpt_kr sgdhq q_mj- Sghr ld_mr sg_s sgd sq_bd hr
dpt_k sn sgd chldmrhnm ne sgd bnqqdronmchmf hqqdctbhakd qdoqdrdms_shnm ’h-d- 1 i ) 0(9

ηµµθµµ + 2 + 1�0( ) 0 ) ηµµωµµ + 0 + 1�.( ) 0 ) ’1-0.3(

vghbg ld_mr sg_s θµµ oqnidbsr _knmf sgd rohm,nmd bnlonmdms _mc ωµµ _knmf sgd rohm,ydqn-
Adrhcdr enqlhmf _ bnlokdsd rds ne oqnidbsnqr) {θ )ω{ _krn enql _ a_rhr hm sgd ro_bd ne rxl,

ldsqhb q_mj,svn sdmrnqr- Sgdqdenqd) vd b_m dwoqdrr sgd ognsnm jhmdshb nodq_snq _r _ khmd_q
bnlahm_shnm ne sgd rohm oqnidbsnqr) _mc hm lnldmstl ro_bd vd g_ud

̂µµ + �o1


θµµ )
0
ξ
ωµµ



- ’1-0.4(

Sgd oqno_f_snq b_m ad entmc ax rnkuhmf sgd sdmrnq dpt_shnm Fµρ̂
ρ
µ + hηµµ- L_jhmf sgd

_mr_sy Fµµ�o( + ?�o(θµµ ) A�o(ωµµ _mc trhmf sgd hcdlonsdmbx _mc nqsgnfnm_khsx oqnodq,
shdr ne sgd oqnidbsnqr) vd b_m d_rhkx cdsdqlhmd sgd svn tmjmnvmr) h-d- ?�o( + �h<o1 _mc
A�o( + �hξ<o1- Sgtr vd nas_hm

Fµµ�o( + �
h
o1

�

θµµ ) ξωµµ



- ’1-0.5(

Mnsd sg_s sgd oqno_f_snq bnms_hmr _kk entq ’ogxrhb_k _mc tmogxrhb_k( cdfqddr ne eqddcnl- Gnv,
dudq) ωµµ hr oqnonqshnm_k sn sgd entq,lnldmstl oµ) sgdqdenqd hs cndr mns bnmsqhatsd sn _m _l,
okhstcd vgdm vd bnmsq_bs sgd oqno_f_snq vhsg rnld dwsdqm_k bnmrdqudc btqqdms- Ax bnmsq_rs)
θµµ cndr bnmsqhatsd _mc b_qqhdr sgd nee,rgdkk oqno_f_shmf cdfqddr ne eqddcnl ne sgd ognsnm
“dkc- Hmcddc) sgd ognsnm g_r sgqdd cdfqddr ne eqddcnl nee,rgdkk- Sgd knmfhstchm_k bnlonmdms
ne θµµ chr_ood_qr nm,rgdkk ctd sn f_tfd hmu_qh_mbd- Sghr bntmshmf ne nee,rgdkk _mc nm,rgdkk
cdfqddr ne eqddcnl rgnvr sg_s nmd bnlonmdms hr jhkkdc otqdkx nee,rgdkk) sgdm _mnsgdq nmd hr
dkhlhm_sdc nm,rgdkk9 f_tfd hmu_qh_mbd ghsr svhbd-

FqWuhsnm oqnoWfWsnq

Vd mnv _ookx sgd r_ld oqnbdctqd sn sgd fq_uhs_shnm_k b_rd vgdqd sgd fq_uhsnm “dkc hr _ rxl,
ldsqhb q_mj,svn sdmrnq _mc sgd jhmdshb nodq_snq _mc sgd oqno_f_snq _qd rxlldsqhb q_mj,entq
sdmrnqr-

Tmcdq sgd qns_shnm fqnto RN�2( _ rxlldsqhb q_mj,svn sdmrnq gµµ b_m ad cdbnlonrdc hmsn
svn rb_k_qr ’sgd ro_sh_k sq_bd δh ig

h i _mc g..() _ rohm,nmd ’g.h( _mc _ sq_bdkdrr rohm,svn ’gh i(9

gµµ ∈ .⊕ .⊕ 0⊕ 1 - ’1-0.6(

Enq sgdrd entq hqqdctbhakd aknbjr vd b_m hmsqnctbd sgd enkknvhmf entq rohm oqnidbsnqr

O �1(
µµρσ

+
0
1

�

θµρθµσ ) θµσθµρ


�
0
2
θµµθρσ )

O �0(
µµρσ

+
0
1

�

θµρωµσ ) θµσωµρ ) θµρωµσ ) θµσωµρ



)

O �.)r(
µµρσ

+
0
2
θµµθρσ )

O �.)v(
µµρσ

+ ωµµωρσ -

’1-0.7(

Sgdx _qd hcdlonsdms _mc nqsgnfnm_k) sg_s hr

O �h)‘( �β

µµ
O � i)a( ρσ

�β
+ δh iδ‘aO �h)‘( ρσ

µµ
) ’1-0.8(
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_mc enql _ bnlokdsd rds

O �1(
µµρσ

)O �0(
µµρσ

)O �.)r(
µµρσ

)O �.)v(
µµρσ

+ µµρσ - ’1-00.(

Rhmbd sgd oqnidbsnqr _qd hcdlonsdms) sgdhq sq_bd dpt_kr sgdhq q_mj- Sghr ld_mr sg_s sgd sq_bd hr
dpt_k sn sgd chldmrhnm ne sgd bnqqdronmchmf hqqdctbhakd qdoqdrdms_shnm ’h-d- 1 i ) 0(9

µµρσO �1(
µµρσ

+ 4 + 1�1( ) 0 )

µµρσO �0(
µµρσ

+ 2 + 1�0( ) 0 )

µµρσO �.)r(
µµρσ

+ 0 + 1�.( ) 0 )

µµρσO �.)v(
µµρσ

+ 0 + 1�.( ) 0 )

’1-000(

vghbg ld_mr sg_s O �1( oqnidbsr _knmf sgd rohm,svn bnlonmdms ’sgd sq_bdkdrr gh i() O �0( _knmf
sgd rohm,nmd ’g.h() O �.)r( _knmf nmd ne sgd rohm,ydqn ’ro_sh_k sq_bd( _mc O �.)v( _knmf sgd nsgdq
rohm,ydqn ’g..(-

Tmkhjd sgd b_rd ne sgd ognsnm) sgd bnlokdsd rds ne oqnidbsnqr hr mns rte“bhdms sn enql _
a_rhr hm sgd ro_bd ne rxlldsqhb q_mj,entq sdmrnqr- Hmcddc) vd b_m mnshbd sg_s sgd a_rhr dkdldms
A�2(

µµρσ
hm ’1-62( b_mmns ad nas_hmdc eqnl sgd entq oqnidbsnqr hmsqnctbdc _anud- Sghr ld_mr

sg_s vd mddc sn _cc _m _cchshnm_k dkdldms sn bknrd sgd a_rhr) _mc vd bgnnrd hs _r enkknvr

O �.)·(
µµρσ

+ O �.)rv(
µµρσ

)O �.)vr(
µµρσ

) ’1-001(

vgdqd

O �.)rv(
µµρσ

+
0


2
θµµωρσ ) O �.)vr(

µµρσ
+

0


2
ωµµθρσ ) ’1-002(

eqnl vghbg vd b_m qdbnmrsqtbs sgd lhrrhmf dkdldms A�2(
µµρσ

sn bknrd sgd a_rhr-

Kds tr dlog_rhyd sg_s sgd nodq_snqr O �.)rv( _mc O �.)vr( _qd mns oqnidbsnqr) hmcddc sgdx _qd
mns hcdlonsdms) cn mns bnmsqhatsd sn _mx bnlokdsdmdrr qdk_shnm) _mc _qd mns nqsgnfnm_k sn sgd
rohm oqnidbsnqr- Gnvdudq) sgdx r_shrex rnld qdk_shnmr vghbg snfdsgdq vhsg sgnrd hm ’1-0.8( b_m
ad vqhssdm hm sgd enkknvhmf bnlo_bs enql9

O �h)‘a( �β

µµ
O � i)bc( ρσ

�β
+ δh iδabO �h)‘c( ρσ

µµ
) ’1-003(

vgdqd sgd mns_shnm _mc bnmudmshnmr enq sgd k_adkr hr dwok_hmdc hm sgd _oodmchw adknv ’1-163(-
Trhmf sgd bnlokdsdmdrr qdk_shnm ’1-011( _mc sgd hcdmshshdr

ηµµηρσ +
�

2O �.)r( )O �.)v( )


2O �.)·(


µµρσ
)

ηµµωρσ )ηρσωµµ +
�

2O �.)·( ) 1O �.)v(


µµρσ
)

0
1

�

ηµρωµσ )ηµσωµρ )ηµσωµρ )ηµρωµσ



+
�

O �0( ) 1O �.)v(


µµρσ
)

’1-004(

vd b_m qdvqhsd sgd lnldmstl,ro_bd jhmdshb nodq_snq vhsg sgd cd Cnmcdq f_tfd “whmf ’1-54(
_r

̂µµρσ�o( + �o1



O �1(µµρσ )
0
�
O �0(µµρσ )



2
1�

� 1


O �.)r(µµρσ

)
0
1�
O �.)v(µµρσ �


2

1�
O �.)·(µµρσ



-

’1-005(
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Sgd oqno_f_snq b_m ad entmc ax “qrs dwoqdrrhmf Fµµρσ�o( _r _ khmd_q bnlahm_shnm ne sgd
a_rhr dkdldmsr vhsg vhsg rnld tmjmnvm bnde“bhdmsr) h-d-)

Fµµρσ�o( + ?�o(O �1(
µµρσ

) A�o(O �0(
µµρσ

) B�o(O �.)r(
µµρσ

) C�o(O �.)v(
µµρσ

) D�o(O �.)·(
µµρσ

)
’1-006(

rtarshstshmf sgd k_ssdq hmsn ’1-58( _mc rnkuhmf sgd sdmrnq dpt_shnm enq sgd tmjmnvm bnde“bhdmsr-
Sgd qdk_shnmr ’1-003( l_jd sghr bnlots_shnm udqx rsq_hfgsenqv_qc) _mc hs b_m ad rgnvm sg_s

?�o( + �
h
o1

) A�o( + �
h
o1
� ) B�o( +

h
1o1

) C�o( + �
h
o1



3�� 2
1



) D�o( +
h
o1


2

1
)

’1-007(
vghbg fhud sgd enkknvhmf dwoqdrrhnm enq sgd fq_uhsnm oqno_f_snq hm _ fdmdqhb cd Cnmcdq f_tfd
“whmf9

Fµµρσ�o( + �
h
o1



O �1(
µµρσ

�
0
1
O �.)r(

µµρσ
)�O �0(

µµρσ

)
3�� 2

1
O �.)v(

µµρσ
�


2

1
O �.)·(

µµρσ



-

’1-008(

Mnsd sg_s sgd oqno_f_snq bnms_hmr _kk sdm ’ogxrhb_k _mc tmogxrhb_k( cdfqddr ne eqddcnl-
Gnvdudq) O �0() O �.)v() _mc _krn O �.)·() _qd oqnonqshnm_k sn sgd entq,lnldmstl oµ) sgdqdenqd
sgdx cn mns bnmsqhatsd sn _m _lokhstcd vgdm vd bnmsq_bs sgd oqno_f_snq vhsg rnld dwsdqm_k
bnmrdqudc rsqdrr,dmdqfx sdmrnq- Ax bnmsq_rs)O �1( _mcO �.)r( cn bnmsqhatsd _mc b_qqx sgd nee,rgdkk
cdfqddr ne eqddcnl ne sgd fq_uhsnm “dkc- Hmcddc) sgd fq_uhsnm g_r rhw cdfqddr ne eqddcnl nee,
rgdkk9 “ud bnlhmf eqnl sgd rohm,svn ’ iy + )1))0).)�0)�1( _mc nmd eqnl sgd rohm,ydqn- Vg_s
g_oodmr vgdm fnhmf nm,rgdkk hr sg_s) ctd sn f_tfd hmu_qh_mbd) sgd bnmsqhatshnm ne sgd iy + ±0
gdkhbhshdr u_mhrg _mc sgd knmfhstchm_k bnlonmdms iy + . hr b_mbdkdc ax _m dpt_k sdql bnlhmf
eqnl sgd rohm,ydqn oqnidbsnq) sgtr nmkx sgd svn gdkhbhshdr ±1 bnmsqhatsd nm,rgdkk- Rhlhk_qkx
sn sgd b_rd ne sgd ognsnm oqno_f_snq) sghr bntmshmf ne sgd nee,rgdkk _mc nm,rgdkk cdfqddr ne
eqddcnl hr bnmrhrsdms vhsg sgd e_bs sg_s f_tfd hmu_qh_mbd ghsr svhbd9 entq cdfqddr ne eqddcnl
_qd jhkkdc otqdkx nee,rgdkk ’sg_s hr vgx vd g_ud rhw ne sgdl nee,rgdkk( _mc _cchshnm_k entq cdfqddr
ne eqddcnl _qd dkhlhm_sdc nm,rgdkk-

Sgdqdenqd) sgd f_tfd,hmcdodmcdms rohm rsqtbstqd ne sgd fq_uhsnm oqno_f_snq hr fhudm ax

F�f_tfd,hmc(
µµρσ �o( + �

h
o1



O �1(
µµρσ

�
0
1
O �.)r(

µµρσ



- ’1-01.(

Kds tr _krn nardqud sg_s sgd rohm,ydqn bnlonmdms bnldr vhsg _ lhmtr rhfm tmkhjd sgd rohm,
svn sg_s bnldr vhsg sgd trt_k onrhshud rhfm ’to sn ntq bnmudmshnm enq sgd Edxml_m qtkd sg_s
qdpthqdr sgd e_bsnq �h(- Hm fdmdq_k) rtbg sxod ne noonrhsd rhfmr hm sgd oqno_f_snq l_x bqd_sd
sqntakdr- Gnvdudq) hm sghr b_rd sgd lhmtr rhfm hr g_qlkdrr adb_trd sgd rohm,ydqn hr mns _
oqno_f_shmf cdfqdd ne eqddcnl nm,rgdkk _mc) lnqdnudq) hsr noonrhsd rhfm hr _bst_kkx mdbdrr_qx
sn b_mbdk sgd knmfhstchm_k bnlonmdms ne sgd rohm,svn oqnidbsnq >00[) _mc sn bnmrhrsdmskx nas_hm
sgd bnqqdbs bntmshmf ne cdfqddr ne eqddcnl nm,rgdkk)7 _r dwok_hmdc adenqd- Hm rdbshnm 1-3 vd vhkk

7Hs hr vnqsg sn ldmshnm sg_s hm sgdnqhdr ne l_rrhud fq_uhsx) sgd fi_s oqno_f_snq hr fhudm ax ��h(O �1(
µµρσ

<�o1)l1()
vgdqd l hr sgd l_rr ne sgd l_rrhud fq_uhsnm- Hm sghr b_rd) sgd mtladq ne nee,rgdkk _mc nm,rgdkk cdfqddr ne eqddcnl
bnhmbhcdr _mc hr dpt_k sn “ud- Vd b_m mnshbd sg_s sgd m_hud l_rrkdrr khlhs l → . cndr mns qdbnudq sgd fq_uhsnm
oqno_f_snq hm FQ adb_trd sgdqd hr mn rohm,ydqn oqnidbsnq sn rs_qs vhsg- Sghr hr sgd vdkk,jmnvm U_m C_l,Udksl_m,
Y_jg_qnu chrbnmshmthsx >01)02[-
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dmbntmsdq oqno_f_snqr vhsg _cchshnm_k bnlonmdmsr b_qqxhmf noonrhsd rhfmr sg_s b_m oqno_f_sd
nm,rgdkk- Hm sghr b_rd) _ lnqd b_qdetk _m_kxrhr hr mddcdc hm nqcdq sn tmcdqrs_mc vgdsgdq rtbg
sxod ne oqno_f_snq b_m ad ogxrhb_kkx uh_akd-

1-1-6 BWmnmhbWk ptWmshyWshnm

Vd b_m hlokdldms sgd b_mnmhb_k pt_mshy_shnm enq sgd eqdd fq_uhsnm “dkc gµµ ax enkknvhmf rhl,
hk_q rsdor _r hm sgd b_rd ne sgd ognsnm “dkc- Rhmbd vd g_ud _kqd_cx hcdmsh“dc sgd hmcdodmcdms
“dkc bnlonmdmsr) enq dw_lokd sgnrd hm ’1-38( he vd vnqj hm sgd gdkhbhsx a_rhr) vd b_m oqn,
lnsd gµµ sn _m nodq_snq _mc cdbnlonrd hs hm sdqlr ne bqd_shnm _mc _mmhghk_shnm nodq_snqr ax
rtllhmf nudq sgd svn ogxrhb_k gdkhbhsx dhfdmu_ktdr ±1-

BnlltsWshnm qdkWshnmr

Sgd pt_mstl fq_uhsnm “dkc b_m ad vqhssdm _r _m hm“mhsd rtodqonrhshnm ne ok_md v_udr vdhfgsdc
ax sgd onk_qhy_shnm sdmrnqr hm sgd gdkhbhsx a_rhr _mc sgd _mmhghk_shnm�bqd_shnm nodq_snqr9

gµµ�w( +


λ+)1)�1



c2o
�1π(2

0
1ωo⃗



‘o⃗)λε
�λ(
µµ dho·w ) ‘–

o⃗)λε
�λ(∗
µµ d�ho·w



) ’1-010(

vgdqd ωo⃗ +


o⃗ 1 + |o⃗| _mc ε�±1(
µµ vdqd cd“mdc hm ’1-4.(- Sgd _mmhghk_shnm _mc bqd_shnm

nodq_snqr ‘o⃗)λ _mc ‘–
o⃗)λ) qdrodbshudkx) r_shrex sgd enkknvhmf bnllts_shnm qdk_shnmr9



‘o⃗)λ) ‘o⃗ ′)λ′



+ . +


‘–
o⃗)λ) ‘–

o⃗ ′)λ′



)


‘o⃗)λ) ‘–
o⃗ ′)λ′



+ 1ωo⃗�1π(2δλλ′δ�2(
�

o⃗� o⃗ ′ - ’1-011(

Vd b_m cd“md _ tmhptd Onhmb_qd̀,hmu_qh_ms ’mnm,hmsdq_bshmf( u_bttl |.〉 _r

‘o⃗)λ |.〉 + . - ’1-012(

Etqsgdqlnqd) vd b_m bnmrsqtbs rs_sdr onotk_sdc ax eqdd o_qshbkdr b_kkdc fq_uhsnmr ax _bshmf
vhsg sgd bqd_shnm nodq_snq nm sgd u_bttl- Sgd “qrs rs_sd nm sgd sno ne sgd u_bttl hr sgd nmd
bnms_hmhmf _ rhmfkd fq_uhsnm vhsg lnldmstl o⃗ _mc gdkhbhsx λ) _mc hs hr fhudm ax

|o⃗)λ〉 + ‘–
o⃗)λ |.〉 - ’1-013(

Hrrtdr vhsg rdke,hmsdqWbshnmr

Sgd _anud pt_mshy_shnm oqnbdctqd vnqjr udqx vdkk hm sgd b_rd ne _ eqdd sgdnqx) ats sghmfr lhfgs
fds udqx bnlokhb_sdc _mc tmbkd_q vgdm rdke,hmsdq_bshnmr N�κm�1g2( _qd hmbktcdc- Bnlokhb_,
shnmr _qd ctd sn ansg mnm,khmd_qhshdr _mc f_tfd rxlldsqx- Hs hr sqtd sg_s vd g_ud l_m_fdc
sn hcdmshex sgd ogxrhb_k nm,rgdkk cdfqddr ne eqddcnl) h-d- sgd rs_sdr sg_s vntkc ad _ss_bgdc sn
dwsdqm_k kdfr hm _ Edxml_m ch_fq_l- Gnvdudq) cdfqddr ne eqddcnl sg_s cn mns oqno_f_sd nm,
rgdkk b_m rshkk bnmsqhatsd sn uhqst_k oqnbdrrdr _mc _ood_q nee,rgdkk hm _m hmsdqm_k khmd oqno_f_snq-
Etqsgdqlnqd) sn oqnud sgd tmhs_qhsx ne sgd R,l_sqhw) fdmdq_kkx rod_jhmf) vd g_ud sn rgnv sg_s
hl_fhm_qx o_qsr ne knno ch_fq_lr ’kdes,g_mc rhcd ne sgd noshb_k sgdnqdl( _qd dpt_k sn sgd rtl
nudq bts ch_fq_lr ne knvdq nqcdq ’qhfgs,g_mc rhcd ne sgd noshb_k sgdnqdl(: rdd rdbshnm 1-@-2-
Hm sgd btsshmf oqnbdctqd) hmsdqm_k khmdr adbnld dwsdqm_k) _mc tmv_msdc cdfqddr ne eqddcnl
bntkc _ood_q nm,rgdkk- Sghr rhst_shnm vntkc ad b_s_rsqnoghb enq sgd bnmrhrsdmbx ne sgd sgdnqx
_mc hsr uh_ahkhsx-

Sghr sxod ne che“btkshdr vdqd “qrs mnshbdc ax Edxml_m hm ansg X_mf,Lhkkr _mc FQ >03[- Gd
qd_khydc sg_s tmhs_qhsx bntkc ad qdrsnqdc ax l_mt_kkx _cchmf mdv ch_fq_lr bnms_hmhmf knnor
ne rohm,ydqn o_qshbkdr b_qqxhmf �0 e_bsnqr _r he sgdx nadxdc edqlhnmhb rs_shrshbr- Rnnm _esdq) cd
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Vhss >04[) E_ccddu _mc Ononu >05[ qd_khydc sg_s sgdrd “dkcr vhsg sgd noonrhsd rs_shrshbr _qhrd
m_stq_kkx eqnl _ o_sg hmsdfq_k bnmrsqtbshnm hm f_tfd sgdnqhdr- Sgdx _qd mnv m_ldc E‘ccddu,
Ononu fgnrs “dkcr9 sgdx vdqd oqna_akx b_kkdc fgnrsr adb_trd sgdx nmkx _ood_q _r hmsdqm_k khmdr
_mc mdudq bnmsqhatsd _r dwsdqm_k nm,rgdkk cdfqddr ne eqddcnl-8

Hs hr vnqsg ldmshnmhmf sg_s hs hr onrrhakd sn “mc _ f_tfd hm vghbg sgd E_ccddu,Ononu “dkcr
etkkx cdbntokd) _mc sgd b_mnmhb_k pt_mshy_shnm adbnldr lnqd cn_akd- Sghr f_tfd hr rnldshld
b_kkdc _wh_k f_tfd- Vghkd sghr bntkc ad trdetk hm X_mf,Lhkkr sgdnqx) vnqjhmf vhsg sgd _wh_k
f_tfd hm sgd fq_uhs_shnm_k b_rd hr gnqqhakd adb_trd sgd qdmnql_khy_shnm oqnbdctqd adbnldr
lnqd narbtqd ctd sn sgd _ood_q_mbd ne mnm,bnu_qh_ms bntmsdqsdqlr sg_s nmd g_r sn b_qdetkkx
s_jd b_qd ne >06)07[-

Hm sghr rdbshnm) vd cn mns qd_kkx mddc sgd E_ccddu,Ononu “dkcr- Gnvdudq) rhmbd hm sgd
mdws rdbshnm vd vhkk rs_qs hmsqnctbhmf fq_uhs_shnm_k rdke,hmsdq_bshnmr) enq bnlokdsdmdrr vd vhkk
aqhdfix hmsqnctbd sgdl ax ldmshnmhmf rnld ne sgd qdkdu_ms ed_stqdr _mc dwokhbhskx rgnv sg_s
sgdx mdudq _ood_q _r oqno_f_shmf nm,rgdkk cdfqddr ne eqddcnl-

1-2 FQ Wr W PES9 hmsdqWbshmf sgdnqx

Rn e_q vd g_ud l_hmkx enbtrdc nm sgd pt_mstl rsqtbstqd ne sgd jhmdshb sdql _mc cdfqddr ne
eqddcnl hm FQ- Gnvdudq) sn cn ogxrhbr vd mddc sn s_jd hmsn _bbntms hmsdq_bshnmr) _mc sg_s
hr vg_s vd _qd fnhmf sn cn hm sghr rdbshnm- Hm rdbshnm 1-2-0 vd hmsqnctbd sgd E_ccddu,Ononu
fgnrs “dkcr hm ansg b_rdr ne bnu_qh_ms _mc mnm,bnu_qh_ms f_tfd “whmf- Hm rdbshnm 1-2-1 vd
chrbtrr rnld _rodbsr ne tmhs_qhsx- Ehm_kkx) hm rdbshnm 1-2-2 vd oqnud sg_s FQ hr odqstqa_shudkx
mnm,qdmnql_khy_akd) _mc _m_kxyd sgd rsqtbstqd ne TU chudqfdmbdr-

1-2-0 EWccddu,Ononu “dkcr

Sgd _bshnm enq sgd E_ccddu,Ononu “dkcr b_m ad entmc ax cdsdqlhmhmf gnv sgd f_tfd,“whmf
sdql sq_mrenqlr tmcdq _ f_tfd sq_mrenql_shnm) h-d- tmcdq sgd cheednlnqoghrl ’1-18( hm sgd
b_rd ne Dhmrsdhm%r fq_uhsx- Sgd etkk fq_uhs_shnm_k _bshnm hmbktchmf f_tfd “whmf Rfe _mc E_ccddu,
Ononu fgnrs sdql Rfg hr fhudm ax

R=f)η)g[ +
0

1κ1



c3w


�f Q�
0
�



c3w Dµη
µµDµ ) Rfg=f)η)g[ ) ’1-014(

vgdqd0.

Rfg=f)η)g[ +



c3w b̃µ
δDµ

δζµ
bµ ) ’1-015(

bµ hr b_kkdc fgnrs “dkc) vghkd b̃µ hr sgd _msh,fgnrs “dkc) _mc sgdx _qd _msh,bnlltshmf- Gdqd vd
nmkx bnmrhcdq sgd Lhmjnvrjh a_bjfqntmc) ats sgd r_ld bnmrsqtbshnm b_m ad d_rhkx fdmdq_khydc
sn _ fdmdqhb a_bjfqntmc ldsqhb f̃µµ ’rdd rdbshnm 3-1-6(-

Vd b_m qdvqhsd sgd etmbshnm_k cdqhu_shud ne sgd f_tfd “whmf _r

δDµ

δζµ
+

δDµ

δgρσ

δgρσ

δζµ
+ �

δDµ

δgρσ



δ µ
σ ∇ρ ) δ µ

ρ ∇σ



- ’1-016(

8Hm rdbshnm 1-3 vd vhkk trd sgd vnqc zfgnrs• vhsg _ cheedqdms ld_mhmf) h-d- enq “dkcr vgnrd jhmdshb sdql ’nq sgdhq
oqno_f_snq( g_r sgd vqnmf rhfm- Rn) okd_rd) cn mns fds bnmetrdc ax sgd svn cheedqdms ld_mhmfr�

0.Sn ad lnqd oqdbhrd) vd rgntkc vqhsd ’1-015( _r _ cntakd hmsdfq_k


c3wc3 x adb_trd sgd etmbshnm_k cdqhu_shud

cdodmcr nm svn ro_bdshld onhmsr w _mc x ) h-d-
δ�µ�w(
δζµ�x(

) _mc Chq_b cdks_r δ�3(�w� x( mddc sn ad s_jdm hmsn _bbntms sn
jhkk nmd ne sgd hmsdfq_shnmr- Gnvdudq) _r _kqd_cx ldmshnmdc vgdm vd dwo_mcdc sgd fq_uhs_shnm_k _bshnm hm ldsqhb
fitbst_shnmr) enq rhlokhbhsx vd mdfkdbs sgd entq,chldmrhnm_k Chq_b cdks_r bnlhmf eqnl sgd etmbshnm_k cdqhu_shudr
_mc _rrtld sg_s sgd _cchshnm_k hmsdfq_shnmr _qd b_qqhdc nts-
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Rtarshstshmf sghr hmsn sgd _bshnm ’1-015() vd nas_hm

Rfg=f)η)g[ + �


c3w b̃µ
δDµ

δgρσ

�

∇ρbσ )∇σbρ


- ’1-017(

Sn du_kt_sd
δCµ

δgρσ
vd mddc sn “qrs sdkk vghbg f_tfd “whmf vd _qd vnqjhmf vhsg- Kds tr

mnv bnmrhcdq ansg b_rdr _m_kxydc _anud vgdm vd cdqhudc sgd oqno_f_snq9 “qrs) sgd bnu_qh_ms
f_tfd “whmf hm ’1-50( _mc rdbnmc) sgd mnm,bnu_qh_ms nmd hm ’1-71(-

BnuWqhWms fWtfd “whmf- Sn s_jd sgd etmbshnm_k cdqhu_shud hs hr bnmudmhdms sn “qrs rxlldsqhyd
Dµ hm ’1-50( _r enkknvr

Dµ +


0
1



δ �
µ ∂ β ) δ β

µ ∂ �


�
0
1
η�β∂µ



g�β - ’1-018(

Sgdm) sgd cdqhu_shud vhsg qdrodbs sn gρσ hr

δDµ

δgρσ

+ �


0
1



δ σ
µ ∂ ρ ) δ ρ

µ ∂ σ


�
0
1
ηρσ∂µ



- ’1-02.(

Rtarshstshmf sghr hmsn sgd _bshnm ’1-015( vd fds sgd enkknvhmf dwoqdrrhnm enq sgd E_ccddu,Ononu
_bshnm9

Rfg +



c3w b̃µ
�

∂ ρ∇ρbµ ) ∂ ρ∇µbρ � ∂µ∇ρbρ


- ’1-020(

He vd dwo_mc hm ldsqhb fitbst_shnmr) vd b_m hcdmshex sgd ydqnsg nqcdq jhmdshb sdql ne sgd
E_ccddu,Ononu “dkcr _qntmc sgd Lhmjnvrjh a_bjfqntmc9

Rfg +



c3w b̃µ□bµ )N�κg( - ’1-021(

Sgd hmsdq_bshnm bnmsqhatshnm N�κg( bnms_hmr nmkx sdqlr sg_s _qd khmd_q hm gµµ) bµ _mc b̃µ) sg_s
hr) sgd fq_uhsnm) sgd E_ccddu,Ononu fgnrs _mc _msh,fgnrs “dkcr bntokd nmkx uh_ _ btahb udqsdw
sg_s hr khmd_q hm sgd bntokhmf κ- Sghr e_bs adbnldr l_mhedrs he vd trd ’1-18( enq sgd dwoqdrrhnm
ne ∇ρbσ )∇σbρ hm ’1-017(-

Mnm,bnuWqhWms fWtfd “whmf- Hm sgd b_rd ne sgd mnm,bnu_qh_ms f_tfd “whmf hm ’1-71() rxl,
ldsqhyhmf vd fds
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0
1
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δ �
µ δ

β
h ) δ β

µ δ �
h
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µ ∂ µg�β ) ’1-022(

_mc sgd cdqhu_shud vhsg qdrodbs sn gρσ fhudr

δDµ
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
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µ δ σ
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µ δ
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Rtarshstshmf hmsn sgd _bshnm ’1-015( vd fds

Rfg +



c3w b̃µ
�

∂ h∇µbh ) ∂ h∇h bµ


) ’1-024(

_mc he vd dwo_mc hm ldsqhb fitbst_shnmr vd b_m hcdmshex sgd ydqnsg nqcdq jhmdshb sdql9

Rfg +
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1-2-1 TmhsWqhsx

Hm ntq fq_uhs_shnm_k PES) vd dwodbs pt_mstl oqna_ahkhshdr sn ad bnmrdqudc) enq dw_lokd sgd R,
l_sqhw nodq_snq rgntkc ad tmhs_qx- Nmd b_m _bst_kkx rgnv sg_s sgd noshb_k sgdnqdl hr r_shr“dc
nqcdq ax nqcdq hm odqstqa_shnm sgdnqx >08[- Tmhs_qhsx _krn qdpthqdr sg_s mn f_tfd _mc E_ccddu,
Ononu cdfqddr ne eqddcnl oqno_f_sd nm,rgdkk: hmrsd_c) cdodmchmf nm sgd rdkdbsdc f_tfd “whmf)
sgdx b_m oqno_f_sd nee,rgdkk _r hmsdqm_k khmdr hm knno ch_fq_lr-

Hm vg_s enkknvr vd rgnv rnld sqdd,kdudk bnlots_shnmr sn bnmuhmbd ntqrdkudr sg_s tmhs_qhsx
hr hmcddc oqdrdqudc-

Sqdd,kdudk noshbWk sgdnqdl

Eqnl rdbshnm 1-2-1 vd jmnv sg_s nmd ne sgd hlokhb_shnmr ne sgd noshb_k sgdnqdl hr sg_s sgd
hl_fhm_qx o_qs ne _m dk_rshb _lokhstcd ltrs ad onrhshud- Kds tr udqhex sghr oqnodqsx enq sgd
rhlokdrs sxod ne dk_rshb _lokhstcd vd b_m hl_fhmd) sg_s hr) _ fq_uhsnm fnhmf hmsn hsrdke9

�0→0�o
1( + ��h(��h(1ε∗µµFµµρσ�o1(ερσ ) ’1-026(

vgdqd ��h(1 bnldr eqnl sgd svn udqshbdr _mc sgd sghqc�h bnldr eqnl sgd nudq_kk ltkshokhb_shud
e_bsnq ne sgd _lokhstcd _bbnqchmf sn ntq bnmudmshnm enq sgd Edxml_m ch_fq_lr-

Vd b_m bgnnrd _mx f_tfd vd khjd enq sgd oqno_f_snq- Enq dw_lokd) kds tr bgnnrd sgd dw,
oqdrrhnm hm sgd Edxml_m f_tfd nas_hmdc hm ’1-70(- Sgdm) trhmf sgd RnjgnsrjhflOkdldki enqltk_

0
o1 � hε

+ O-U-


0
o1



) hπδ�o1( ) ’1-027(

vgdqd O-U- rs_mcr enq sgd B_tbgx oqhmbho_k u_ktd) vd nas_hm

Hl


�0→0�o
1(


+ πδ�o1(


ε∗µµεµµ �
0
1
|ηµµεµµ|1



+ πδ�o1(ε∗µµεµµ ≥ . - ’1-028(

Hm sgd k_rs rsdo vd g_ud trdc sgd e_bs sg_s sgd Chq_b cdks_ δ�o1( l_jdr sgd fq_uhsnm nm,rgdkk) _mc
sghr hlokhdr sg_s sgd sq_bd ne sgd onk_qhy_shnm sdmrnq hr ydqn adb_trd ε11 + �ε00- Sgdqdenqd) vd
g_ud rgnvm sg_s sgd hl_fhm_qx o_qs ne sgd _lokhstcd hr onrhshud) hm _fqddldms vhsg sgd noshb_k
sgdnqdl-

EWccddu,Ononu “dkcr Wqd tmogxrhbWk

@r ldmshnmdc _anud) E_ccddu,Ononu “dkcr _qd udqx hlonqs_ms enq sgd bnmrhrsdmbx ne sgd sgd,
nqx) hm o_qshbtk_q sgdhq nee,rgdkk bnmsqhatshnm hr mddcdc sn b_mbdk tmv_msdc hmsdqldch_sd rs_sdr
nm sgd qhfgs,g_mc rhcd ne sgd noshb_k sgdnqdl) _mc sgtr sn oqdrdqud odqstqa_shud tmhs_qhsx-
Hm e_bs) sgd bnmsqhatshnmr bnlhmf eqnl sgd E_ccddu,Ononu fgnrs _mc _msh,fgnrs “dkcr _kv_xr
bnlodmr_sd sgd nmdr ne sgd ’mnm,qdrhct_k _mc qdrhct_k( f_tfd bnlonmdmsr ne sgd fq_uhsnm
“dkc >03) 04[- Sghr _krn ld_mr sg_s sgd fgnrs _mc _msh,fgnrs rs_sdr) snfdsgdq vhsg sgd mnm,
ogxrhb_k onk_qhy_shnm rs_sdr ne sgd fq_uhsnm) b_m ad oqnidbsdc nts ne sgd ogxrhb_k Ghkadqs ro_bd
hm _ v_x bnlo_shakd vhsg f_tfd hmu_qh_mbd _mc tmhs_qhsx-

Knnjhmf _s sgd dwoqdrrhnm ne sgd jhmdshb sdql hm sgd bnu_qh_ms f_tfd ’1-021() hs rddlr sg_s
_ 0<□ onkd bntkc _qhrd _esdq sgd hmudqrhnm ne sgd jhmdshb nodq_snq- Gnvdudq) sghr onkd hr mns
ogxrhb_k ats _ f_tfd _qshe_bs) rhlhk_qkx sn sgd onkdr ne sgd tmogxrhb_k f_tfd bnlonmdmsr ne sgd
fq_uhsnm oqno_f_snq hm sgd cd Cnmcdq f_tfd ’1-008(- Sgd bqtbh_k onhms hr sg_s E_ccddu,Ononu
fgnrsr b_m oqno_f_sd nee,rgdkk sgqntfg knnor) ats sgdx mdudq _ood_q _r nm,rgdkk cdfqddr ne
eqddcnl) nsgdqvhrd tmhs_qhsx vntkc ad uhnk_sdc-

@r cnmd enq sgd fq_uhsnm oqno_f_snq hm rdbshnm 1-1-4) vd b_m vnqj hm sgd mnm,bnu_qh_ms
f_tfd vgdqd sgd E_ccddu,Ononu oqno_f_snq b_m ad rgnvm sn g_ud mn onkd _s o1 + . >1) 0.[-
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Bgnnrhmf sgd eq_ld oµ + �o.) .) .) o2() sgd jhmdshb sdql ne sgd E_ccddu,Ononu “dkcr hm sgd
mnm,bnu_qh_ms f_tfd ’1-025( b_m ad vqhssdm hm sgd enkknvhmf enql

Rfg +



c3w b̃µ
µµ
EO bµ )N�κg( ) ’1-03.(

vgdqd

µµ
EO +









o1
2 . . �0

1 o1
2

. �o1
2 . .

. . �o1
2 .

�0
1 o1

2 . . �1o1
2









- ’1-030(

Rhmbd sgd jhmdshb nodq_snq ne sgd E_ccddu,Ononu “dkcr hm sgd mnm,bnu_qh_ms f_tfd cndr mns
cdodmc nm o.) hsr hmudqrd b_mmns cdodmc nm o1 + �o1

. ) o1
2) sgdqdenqd mn onkd _s o1 b_m _ood_q

hm sgd oqno_f_snq- Rhmbd sghr hr _m nm,rgdkk qdrtks) hs vhkk ad u_khc hm _mx nsgdq f_tfd- Sgtr) mn
E_ccddu,Ononu o_qshbkd b_m dudq _ood_q nm,rgdkk-

1-2-2 EWhktqd ne odqstqaWshud qdmnqlWkhyWahkhsx

Sn cdsdqlhmd vgdsgdq _ knb_k PES hr odqstqa_shudkx qdmnql_khy_akd) vd itrs mddc sn knnj _s
sgd l_rr chldmrhnm ne sgd hmsdq_bshnm bntokhmfr ’rdd rdbshnm 1-@(- Eqnl ’1-12( vd jmnv sg_s
sgd fq_uhs_shnm_k bntokhmfr hm FQ _qd oqnonqshnm_k sn hmudqrd onvdqr ne sgd Ok_mbj l_rr) h-d-
κm�1 + 0<Lm�1

Ok vhsg m ≥ 2) sgdqdenqd sgd l_rr chldmrhnmr _qd _kv_xr mdf_shud _mc sgd sgdnqx
hr odqstqa_shudkx mnm,qdmnql_khy_akd9

∆m ≡


κm�1


+ 1� m < . ) m ≥ 2 - ’1-031(

Fhudm _ knno ch_fq_l F bnms_hmhmf D dwsdqm_k kdfr _mc Um udqshbdr vhsg m ≥ 2 kdfr) sgd bnqqd,
ronmchmf rtodq“bh_k cdfqdd ne chudqfdmbd hr fhudm ax ’rdd ’1-138((

δ�F( + 3� D �


m

Um∆m ) ’1-032(

_mc hmbqd_rdr vhsg sgd mtladq ne udqshbdr rhmbd ∆m < .-
Sn bgdbj sgd e_hktqd ne odqstqa_shud qdmnql_khy_ahkhsx dudm lnqd dwokhbhskx) vd b_m bnm,

rhcdq _ fdmdqhb K,knno hmsdfq_k _mc bnlotsd gnv hs rb_kdr vhsg sgd hmsdqm_k lnldms_ _s ghfg
dmdqfhdr- He vd cn sg_s) vd g_ud



c3j · · ·c3j
  

K,knnor

·
0
j1

· · ·
0
j1

  

H ,hmsdqm_k oqno_f_snqr

· j1 · · · j1
  

U ,udqshbdr

∼ j1K)1�K�H)U ( + j1K)1 ) ’1-033(

vgdqd vd g_ud trdc sgd e_bs sg_s sgd fq_uhsnm oqno_f_snq fndr khjd 0<j1) sg_s sgd udqsdw
bnms_hmr _kv_xr svn onvdqr ne lnldms_) _mc vd bgnrd sgd lnrs chudqfdms b_rd enq vghbg _kk
udqsdw lnldms_ _qd hmsdqm_k- Sgtr) eqnl ’1-033( vd rdd sg_s sgd TU chudqfdmbd ne sgd hmsdfq_kr
adbnld vnqrd he sgd mtladq ne knnor hmbqd_rd) hlokxhmf sg_s sgd sgdnqx hr odqstqa_shudkx mnm,
qdmnql_khy_akd-

Vd mnv _m_kxyd sgd rsqtbstqd ne nmd,knno) svn,knno _mc ghfgdq,knno chudqfdmbdr-

1-2-3 Nmd,knno chudqfdmbdr

Knno bnlots_shnmr hm PF _qd udqx g_qc) _mc _m dwokhbhs cdqhu_shnm b_mmns ad rgnvm d_rhkx-
Gnvdudq) sg_mjr sn rxlldsqx _mc onvdq bntmshmf _qftldmsr) vd b_m d_rhkx ftdrr sgd sdmrnq
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’_( ’a(

’b( ’c(

Ehftqd 1-09 ’_( S_conkd ch_fq_l: ’a( ataakd ch_fq_l: ’b( nmd,knno sgqdd,udqsdw ch,
_fq_l vhsg dwsdqm_k khmdr _ss_bgdc sn sgqdd,udqshbdr: ’c( nmd,knno sgqdd,udqsdw ch_,
fq_l vhsg nmd dwsdqm_k khmd _ss_bgdc sn _ sgqdd,udqsdw _mc svn dwsdqm_k khmdr _ss_bgdc
sn _ entq,udqsdw- V_ux dwsdqm_k khmdr bnqqdronmc sn fq_uhsnmr) vghkd sgd rnkhc hmsdqm_k
khmdr bnqqdronmc sn dhsgdq fq_uhsnm nq E_ccddu,Ononu oqno_f_snqr-

rsqtbstqd ne knno chudqfdmbdr vhsgnts odqenqlhmf sdchntr bnlots_shnmr vghbg) hmrsd_c) _qd
mddcdc sn cdsdqlhmd sgd dw_bs mtldqhb_k bnde“bhdmsr-

Kds tr rs_qs vhsg nmd,knno bnqqdbshnmr sn sgd fq_uhsnm oqno_f_snq hm otqd FQ) h-d- vhsg mn
bntokhmf sn l_ssdq) enq sgd shld adhmf- Hm o_qshbtk_q) vd _qd hmsdqdrsdc hm nmd,knno ch_fq_lr
vhsg svn dwsdqm_k fq_uhsnm kdfr _mc dhsgdq fq_uhsnm nq E_ccddu,Ononu oqno_f_snqr _r hmsdqm_k
khmdr ’sgdx ansg adg_ud _r 0<o1 hm cd Cnmcdq f_tfd(- Sgd knno vhkk bnms_hm dhsgdq nmd nq svn
hmsdqm_k oqno_f_snqr) m_ldkx vd b_m g_ud dhsgdq _ s‘conkd ’“f- 1-0_( nq _ ataakd ’“f- 1-0a(
ch_fq_l- Cdodmchmf nm sgd mtladq ne udqsdw lnldms_ sg_s _qd _rrnbh_sdc sn hmsdqm_k khmdr)
vd b_m g_ud cheedqdms sxodr ne TU chudqfdmbdr-

¶ Sgd s_conkd nmkx bnmsqhatsdr vhsg onvdq,k_v chudqfdmbdr- He _kk lnldms_ hm sgd udqsdw
_qd hmsdqm_k) vd g_ud _ pt_qshb chudqfdmbd: he nmkx nmd udqsdw lnldmstl hr hmsdqm_k)
vd g_ud _ btahb chudqfdmbd: he mn udqsdw lnldmstl hr hmsdqm_k) vd g_ud _ pt_cq_shb
chudqfdmbd-

¶ Sgd ataakd bnmsqhatsdr vhsg ansg onvdq,k_v _mc knf_qhsglhb chudqfdmbdr- He _kk ln,
ldms_ hm sgd svn udqshbdr _qd hmsdqm_k) vd g_ud _ pt_qshb chudqfdmbd: he sgqdd udqsdw
lnldms_ _qd hmsdqm_k) vd g_ud _ btahb chudqfdmbd: he nmkx svn udqsdw lnldms_ _qd hm,
sdqm_k) vd g_ud _ pt_cq_shb chudqfdmbd: he nmkx nmd udqsdw lnldmstl hr hmsdqm_k) vd
g_ud _ khmd_q chudqfdmbd: he _kk udqsdw lnldms_ _qd dwsdqm_k) vd g_ud _ knf_qhsglhb
chudqfdmbd-

Sgd onvdq,k_v chudqfdmbdr _qd rds sn ydqn he vd vnqj hm chldmrhnm_k qdftk_qhy_shnm)00

sgdqdenqd vd nmkx mddc sn enbtr nm sgd knf_qhsglhb chudqfdmbdr bnlhmf eqnl sgd ataakd ch_,
fq_l vghbg g_ud sgd enkknvhmf rbgdl_shb enql9

oooo



c3j
0
j1

0
j1

j1j1 ∼ oooo



cj
j

- ’1-034(

Sghr ld_mr sg_s sgd bntmsdqsdql mddcdc sn b_mbdk sgd chudqfdmbd g_r sn bnms_hm entq onv,
dqr ne sgd lnldmstl) h-d- hm bnnqchm_sd ro_bd entqsg nqcdq cdqhu_shudr _bshmf nm sgd ldsqhb

00Vhsg nsgdq sxodr ne qdftk_qhy_shnmr ’rtbg _r _ btsnee qdftk_qhy_shnm() rnld ne sgd onvdq,k_v chudqfdmbdr bnm,
sqhatsd sn sgd qdmnql_khy_shnm ne Mdvsnm%r bnmrs_ms _mc sgd bnrlnknfhb_k bnmrs_ms) vghkd nsgdqr cn mns _ood_q
adb_trd ne rxlldsqx qd_rnm ’d-f- sgd btahb _mc khmd_q chudqfdmbdr vntkc uhnk_sd o_qhsx hmu_qh_mbd(-
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fitbst_shnm- Rhmbd sgd Dhmrsdhm,Ghkadqs K_fq_mfh_m nmkx bnms_hmr rdbnmc,nqcdq cdqhu_shudr) sgd
rsqtbstqd ne sgd bntmsdqsdql _rrnbh_sdc sn ’1-034( hr mns bnms_hmdc hm sgd nqhfhm_k a_qd K_,
fq_mfh_m-

Etqsgdqlnqd) vd b_m bnmrhcdq nmd,knno m,fq_uhsnm udqsdw bnqqdbshnmr vhsg m dwsdqm_k fq_uh,
snmr- Enq dw_lokd) sgd nmd,knno bnmsqhatshnmr sn sgd sgqdd,fq_uhsnm udqsdw _qd rgnvm hm
“f- 1-0b _mc “f- 1-0c- @krn hm sghr b_rd) vd b_m l_jd _ onvdq bntmshmf _m_kxrhr) _mc “mc
sgd knf_qhsglhb chudqfdmbdr vgnrd etmbshnm_k rsqtbstqd bnms_hmr entqsg nqcdq cdqhu_shudr _bs,
hmf nm sgd ldsqhb “dkc-

Sgd ptdrshnm vd mddc sn _rj mnv hr9 vg_s knb_k sdqlr bnms_hmhmf entqsg nqcdq cdqhu_shudr
_mc qdrodbshmf cheednlnqoghrl hmu_qh_mbd b_m vd _cc sn sgd _bshnm; @mrvdqhmf sghr ptdrshnm
hr d_rx) _mc sgd onrrhakd entqsg nqcdq sdqlr bnmsqhatshmf sn sgd nmd,knno chudqfdms o_qs ne sgd
deedbshud _bshnm _qd

�
�0(
chu =f[ +

0
ϵ



c3w


�f



b0Q
1 ) b1QµµQ

µµ ) b2QµµρσQµµρσ

) b3QµµρσQµρµσ ) b4∇µ∇µQ
µµ ) b5□Q



)

’1-035(

vgdqd b0) - - - ) b5 _qd bnmrs_ms bnde“bhdmsr _mc 0<ϵ + 0<�3� c( hr sgd rhlokd onkd chudqfdmbd hm
chldmrhnm_k qdftk_qhy_shnm- Vd mnv rgnv sg_s nmkx svn nts ne sgd rhw sdqlr l_x bnmsqhatsd-

Sgd rhwsg sdql hr _ sns_k cdqhu_shud _mc b_m ad mdfkdbsdc to sn rtqe_bd sdqlr- Sgd “esg
hr _krn _ sns_k cdqhu_shud _mc) _bst_kkx) hr dpt_k sn sgd rhwsg ctd sn sgd Ah_mbgh hcdmshsx) h-d-
∇µ∇µQ

µµ + □Q<1- Sgd entqsg sdql b_m ad vqhssdm hm sdqlr ne sgd sghqc ax trhmf sgd bxbkhb
hcdmshsx Qµ=ρµσ[ + . vghbg hlokhdr QµµρσQµρµσ + 0

1QµµρσQµµρσ- Etqsgdqlnqd) trhmf sgd e_bs
sg_s hm c + 3) sgd F_trr,Anmmds bnlahm_shnm


�f�QµµρσQµµρσ � 3QµµQ

µµ ) Q1( hr knb_kkx _
sns_k cdqhu_shud)01 vd b_m dwoqdrr sgd rpt_qd ne sgd Qhdl_mm sdmrnq hm sdqlr ne Q1 _mc QµµQ

µµ

oktr antmc_qx sdqlr- Sgtr) hm dmc vd b_m qdb_rs sgd chudqfdms o_qs ne sgd nmd,knno deedbshud
_bshnm hmsn

�
�0(
chu =f[ +

0
ϵ



c3w


�f


‘Q1 ) aQµµQ
µµ


) ’1-036(

vgdqd ‘ ≡ b0 � b2 � b3<1 _mc a ≡ b1 ) 3�b2 ) b3<1( _qd svn qdcd“mdc bnde“bhdmsr-
Sgd dw_bs mtldqhb_k e_bsnqr vdqd bnlotsdc enq sgd “qrs shld ax %s Gnnes _mc Udksl_m hm

sgd cd Cnmcdq,Edxml_m f_tfd >0.[) _mc sgdx entmc

‘ + �
0

�3π(1
0

01.
) a + �

0
�3π(1

6
1.

- ’1-037(

@ksgntfg vd _qd mdfkdbshmf sgd antmc_qx sdqlr hm ’1-036() hs hr vnqsg sn ldmshnm sg_s
sgdx _qd hlonqs_ms enq sgd qdmnql_khy_shnm ne sgd sgdnqx) _r sgdx cn bnmsqhatsd sn sgd nmd,knno
deedbshud _bshnm >0.)1.)10[- Enq dw_lokd) sgd F_trr,Anmmds hmu_qh_ms _ood_qr vhsg bnde“bhdms
� 0

�3π(1ϵ
42
8. _mc b_m ad bnlotsdc eqnl sgd nmd,knno sgqdd,fq_uhsnm udqsdw ch_fq_lr hm “f- 1-0b

_mc “f- 1-0c >10[- Hm e_bs) sgd F_trr,Anmmds _mc □Q chudqfdmbdr _krn g_ud hlonqs_ms ogxrhb_k
hlokhb_shnmr ctd sn sgdhq bnmsqhatshnm sn sgd bnmenql_k _mnl_kx vgdm fq_uhsx hr bntokdc sn
bnmenql_k l_ssdq >3)5[-

Nmd,knno “mhsdmdrr hm otqd fqWuhsx9 “dkc qdcd“mhshnm

Hs b_m ad rgnvm sg_s hm otqd fq_uhsx) sgd nmd,knno chudqfdms sdqlr hm ’1-036( b_m ad _arnqadc
ax _ zqdmnql_khy_shnm• ne sgd ldsqhb “dkc ctd sn sgd e_bs sg_s sgd hmsdfq_mc hm ’1-037( hr

01Rdd >3[ enq _ odc_fnfhb_k oqnne sg_s sgd F_trr,Anmmds sdql hr knb_kkx _ sns_k cdqhu_shud-
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oqnonqshnm_k sn sgd u_bttl “dkc dpt_shnmr ne sgd bk_rrhb_k sgdnqx- Lnqd oqdbhrdkx) fhudm _
ldsqhb “dkc fµµ _mc sgd _bshnm

R′=f[ + RDG=f[ ) �
�0(
chu =f[ ) ’1-038(

vd b_m “mc _ “dkc qdcd“mhshnm

fµµ → f ′
µµ�f) ‘) a( + fµµ )∆fµµ�‘) a( ’1-04.(

rtbg sg_s) odqstqa_shudkx hm ‘ _mc a) vd g_ud

RDG=f[ ) �
�0(
chu =f[ + RDG=f )∆f[ )N�‘1) a1) ‘a( + RDG=f ′[ )N�‘1) a1) ‘a( ) ’1-040(

vgdqd sgd sdqlr N�‘1) a1) ‘a( _qd dwodbsdc sn bnmsqhatsd sn ghfgdq,knno _mc ghfgdq,btqu_stqd
nqcdqr- Vghkd sgd a_qd ldsqhb fµµ _mc sgd bntmsdqsdql ∆fµµ _qd hm“mhsd) sgd nmd,knno qdmnq,
l_khydc ldsqhb “dkc f ′

µµ hr “mhsd-
Sgd dwoqdrrhnm ne ∆fµµ b_m ad entmc ax hlonrhmf sg_s sgd “qrs,nqcdq u_qh_shnm ne sgd

Dhmrsdhm,Ghkadqs _bshnm tmcdq sgd ldsqhb sq_mrenql_shnm ’1-04.( hr dpt_k sn �
�0(
chu =f[) h-d-

∆RDG=f[ ≡


c3w


�f
δRDG

δfµµ
∆fµµ + �

�0(
chu =f[ - ’1-041(

L_jhmf sgd _mr_sy ∆fµµ + ?fµµQ)AQµµ) vgdqd ? _mc A _qd svn bnde“bhdmsr sn ad cdsdqlhmdc)
vd “mc

∆RDG=f[ + �


c3w


�f
0

1κ1



Qµµ �
0
1

fµµQ


�

?fµµQ ) AQµµ



+ �


c3w


�f
0

1κ1



�


?)
0
1

A


Q1 ) AQµµQ
µµ



)

’1-042(

vghbg dpt_kr �
�0(
chu =f[ he











‘
ϵ

+
0

1κ1



?)
A
1



a
ϵ

+ �
A

1κ1

⇔











? +
κ1

ϵ
�1‘ ) a(

A + �
κ1

ϵ
1a

- ’1-043(

Sgdqdenqd) sgd “dkc qdcd“mhshnm mddcdc sn _arnqa sgd nmd,knno chudqfdmbd hm otqd fq_uhsx qd_cr

f ′
µµ + fµµ )

κ1

ϵ



�1‘ ) a( fµµ Q� 1a Qµµ



+ fµµ )
κ1

0.�3π(1ϵ



00
2

fµµ Q� 6Qµµ



-
’1-044(

Mnsd sg_s) rsqhbskx rod_jhmf) vd mdudq hlonrdc sgd “dkc dpt_shnmr) ats nmkx trdc sgd e_bs
sg_s �

�0(
chu hr oqnonqshnm_k sn sgdl) h-d- sgd “dkc qdcd“mhshnm v_r odqenqldc nee,rgdkk- @mnsgdq

v_x sn qdogq_rd sgd nmd,knno “mhsdmdrr hr r_xhmf sg_s sgd nmd,knno chudqfdms bnmsqhatshnm
u_mhrgdr nm,rgdkk) h-d- �

�0(
chu





nm,rgdkk + . vgdm Fµµ + . ⇒ Qµµ + .-
Hm sgd oqdrdmbd ne _ mnm,u_mhrghmf bnrlnknfhb_k bnmrs_ms Λ +̸ .) otqd Dhmrsdhm%r fq_uhsx hr

rshkk nmd,knno qdmnql_khy_akd adb_trd sgd nmd,knno chudqfdmbd b_m ad _arnqadc ax _ knf_qhsg,
lhb qdmnql_khy_shnm ne sgd ldsqhb “dkc _mc sgd Mdvsnm%r bnmrs_ms nee,rgdkk- Hm sghr b_rd) vd
vntkc g_ud

R�Λ ̸+.(
DG =f[ ) �

�0(
chu =f[ + R�Λ ̸+.(

DG =f ′[�
12

�3π(12.ϵ



c3w


�f ′ΛQ�f ′( ) ’1-045(
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vgdqd sgd k_rs sdql b_m ad _arnqadc hmsn _ qdmnql_khy_shnm ne sgd Mdvsnm%r bnmrs_ms- @mnsgdq
v_x sn qdogq_rd sghr _qftldms hr sn r_x sg_s nm,rgdkk ’h-d- Qµµ + fµµΛ( sgd nmd,knno chudq,

fdmbd adbnldr � �0(
chu





nm,rgdkk + � 0
�3π(1ϵ

058
14



c3w

�fΛ1) vghbg b_m ad _arnqadc ax _ knf_qhsglhb

qdmnql_khy_shnm ne sgd bnrlnknfhb_k bnmrs_ms-

QdlWqj- @ksgntfg sgd “dkc qdcd“mhshnm ’1-044( cndr mns bg_mfd sgd ogxrhbr _s sgd kdudk ne
sgd _bshnm) nmd l_x rshkk vnmcdq vgdsgdq hs bg_mfdr sgd pt_mstl oqnodqshdr ne sgd sgdnqx) enq
dw_lokd ax hmsqnctbhmf mdv sdqlr hm sgd o_sg,hmsdfq_k sgqntfg sgd fdmdq_shnm ne _ mnm,sqhuh_k
I_bnah_m eqnl sgd sq_mrenql_shnm ne sgd o_sg,hmsdfq_k ld_rtqd- Sgd I_bnah_m _rrnbh_sdc sn sgd
“dkc qdcd“mhshnm ’1-044( g_r sgd rbgdl_shb enql cds�0)W ( vgdqd W s_jdr hmsn _bbntms cdqhu_,
shudr ne ∆fµµ vhsg qdrodbs sn fµµ- Hmsqnctbhmf _msh,bnlltshmf “dkcr p̃ _mc p) sgd I_bnah_m
b_m ad vqhssdm _r

cds�0 ) W ( +



Cp̃Cp dh


c3w p̃�0)W (p ) ’1-046(

eqnl vghbg hs enkknvr sg_s sgd oqno_f_snqr ne p̃ _mc p _qd bnmrs_ms- Rhmbd sgd “dkc qdcd“mhshnm
hr knb_k) W hr _krn knb_k _mc sgd hmsdq_bshnmr hmunkuhmf p̃ _mc p _qd knb_k _r vdkk- Sgdqdenqd)
_kk knnor l_cd vhsg p̃ _mc p bnms_hm hmsdfq_kr ne onkxmnlh_kr vghbg u_mhrg hm chldmrhnm_k
qdftk_qhy_shnm- Hs enkknvr sg_s sgd I_bnah_m hr dpt_k sn nmd) vghbg ld_mr sg_s odqstqa_shudkx
sgd knb_k “dkc qdcd“mhshnm ’1-044( cndr mns _eedbs sgd o_sg hmsdfq_k-

Nmd,knno “mhsdmdrr hm otqd fqWuhsx9 fWtfd,“whmf cdodmcdmbd

Qdldladq sg_s sgd nmd,knno qdrtks hm ’1-037( v_r nas_hmdc hm sgd cd Cnmcdq,Edxml_m f_tfd-
Hm e_bs) sgd chudqfdms o_qs ne sgd nmd,knno deedbshud _bshnm cdodmcr nm sgd f_tfd “whmf) _mc
sghr hr sgd jdx ed_stqd adghmc sgd nmd,knno “mhsdmdrr ne otqd Dhmrsdhm%r fq_uhsx) adb_trd sgdqd
dwhrsr _ f_tfd bgnhbd rtbg sg_s � �0(

chu





nee,rgdkk + .- Hm nsgdq vnqcr) he vd fdmdq_khyd sgd cd Cnmcdq
f_tfd “whmf ’1-50( sn

Rfe=η)g[ + �
0
�



c3wDµDµ ) Dµ ≡ ∂µg
µ

µ �
0 ) β

3
∂µg ) ’1-047(

sgd pt_cq_shb,btqu_stqd bnde“bhdmsr hm ’1-037( stqm nts sn ad f_tfd,“whmf cdodmcdms) h-d-
‘ + ‘��)β( _mc a + a��)β(- Sgdm) sgdqd dwhrs rodbh“b u_ktdr ne sgd f_tfd o_q_ldsdqr �∗
_mc β∗ rtbg sg_s >11[

�
�0(
chu ��∗)β∗(





nee,rgdkk + . - ’1-048(

Sghr e_bs qdk_sdc sn sgd nmd,knno “mhsdmdrr uh_ sgd “dkc qdcd“mhshnm chrbtrrdc _anud- Rhmbd
nm,rgdkk ogxrhbr hr hmcdodmcdms ne sgd f_tfd,“whmf o_q_ldsdqr) sgd cheedqdmbd ne sgd nmd,knno
chudqfdms deedbshud _bshnm du_kt_sdc enq svn cheedqdms bgnhbdr ne f_tfd o_q_ldsdqr ltrs ad
oqnonqshnm_k sn sgd “dkc dpt_shnmr) h-d- hs ltrs u_mhrg nm,rgdkk- Hmcddc) hs b_m ad rgnvm
sg_s >5)11[

�
�0(
chu ��0)β0(� �

�0(
chu ��1)β1( +

0
ϵ



c3w eµµ
δRDG

δfµµ
) ’1-05.(

vgdqd eµµ hr rnld rxlldsqhb sdmrnq etmbshnm sg_s cdodmcr nm �h ) βh -

He vd bgnnrd �1 + �∗ _mc β1 + β∗ rtbg sg_s � �0(
chu ��1)β1( + .) vd fds

�
�0(
chu ��0)β0( +

0
ϵ



c3w eµµ
δRDG

δfµµ
) ’1-050(

m_ldkx sgd chudqfdms o_qs ne sgd nmd,knno deedbshud _bshnm hr oqnonqshnm_k sn sgd “dkc dpt_shnmr-
Hm o_qshbtk_q) he vd vnqj hm sgd cd Cnmcdq,Edxml_m f_tfd �0 + 0) β0 + 0 vd fds sgd qdrtks hm
’1-037( vhsg eµµ + ?fµµQ ) AQµµ) vgdqd ? _mc A _qd sgnrd hm ’1-043(-
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Hm rtll_qx) rhmbd sgdqd hr _ bgnhbd ne f_tfd o_q_ldsdqr rtbg sg_s sgd chudqfdms o_qs ne
sgd nmd,knno deedbshud _bshnm u_mhrgdr) hs enkknvr sg_s �

�0(
chu hr ydqn nq oqnonqshnm_k sn sgd “dkc

dpt_shnmr ne sgd bk_rrhb_k sgdnqx- Gnvdudq) hs rgntkc ad qdl_qjdc sg_s sgd bnde“bhdms ne sgd nmd,
knno chudqfdms bnmsqhatshnm oqnonqshnm_k sn sgd F_trr,Anmmds hmu_qh_ms hr f_tfd,hmcdodmcdms
_mc mdudq u_mhrgdr-

Nmd,knno chudqfdmbdr Wmc bntokhmf sn lWssdq

Sgd oqduhntr chrbtrrhnm rsqnmfkx qdkhdr nm sgd e_bs sg_s l_ssdq bntokhmfr vdqd _ardms- Gnvdudq)
he sgd hmsdq_bshnmr vhsg l_ssdq _qd rvhsbgdc nm) sgdm Dhmrsdhm%r fq_uhsx stqmr nts sn ad nmd,knno
mnm,qdmnql_khy_akd- Hm e_bs) sgd nmd,knno chudqfdmbd ’1-037( hr mn knmfdq oqnonqshnm_k sn sgd
“dkc dpt_shnmr rhmbd

δ�RDG ) Rl(
δfµµ

+ �
0

1κ1



�f


Qµµ �
0
1

fµµQ� κ1Sµµ



- ’1-051(

Hm sghr b_rd sgd “dkc qdcd“mhshnm ne sgd ldsqhb vntkc fdmdq_sd sdqlr khjd κ1

ϵ QµµS
µµ _mc κ1

ϵ QS
sg_s b_mmns ad _arnqadc hm sgd hmhsh_k a_qd _bshnm RDG )Rl) _mc sg_s nm,rgdkk vntkc ad oqnonq,
shnm_k sn rpt_qdr ne sgd rsqdrr,dmdqfx sdmrnq) h-d- SµµS

µµ _mc S 1- Sghr _krn ld_mr sg_s sgdqd hr
mn bgnhbd ne sgd f_tfd,“whmf o_q_ldsdqr sg_s vntkc l_jd sgd nmd,knno chudqfdmbd u_mhrg-

Nmd l_x gnod sg_s rnld rodbh_k bnlahm_shnmr ne l_ssdq “dkcr l_jd sgd nmd,knno chudq,
fdmbd chr_ood_q) ats sghr fdmdqhb_kkx cndr mns g_oodm) drodbh_kkx he vd bnmrhcdq sgd ogxrhb_k
rbdm_qhn ne RL K_fq_mfh_mr bntokdc sn FQ-

Hm rtll_qx) otqd Dhmrsdhm%r fq_uhsx hr nmd,knno qdmnql_khy_akd ats Dhmrsdhm%r fq_uhsx bnt,
okdc sn l_ssdq hr mns-

1-2-4 Svn,knno chudqfdmbdr

Nmd lhfgs gnod sg_s sgd r_ld b_mbdkk_shnmr bntkc _krn nbbtq _s ghfgdq knnor) ats sghr hr mns
sgd b_rd- Hm e_bs) otqd FQ hr odqstqa_shudkx mnm,qdmnql_khy_akd rs_qshmf eqnl svn knnor) _r vd
mnv dwok_hm-

L_jhmf _f_hm _ onvdq,bntmshmf _m_kxrhr) vd b_m tmcdqrs_mc sg_s sgd svn,knno chudqfdmbdr
b_m _ood_q hm cheedqdms v_xr9 rdwshb chudqfdmbdr sg_s qdmnql_khyd sgd bnrlnknfhb_k bnmrs_ms)
pt_qshb chudqfdmbdr sg_s _qd oqnonqshnm_k sn Q _mc qdmnql_khyd Mdvsnm%r bnmrs_ms) pt_cq_shb
chudqfdmbdr oqnonqshnm_k sn entq,cdqhu_shud sdqlr) h-d- Q1 _mc QµµQ

µµ) _mc knf_qhsglhb chudq,
fdmbdr ltkshokxhmf sdqlr vhsg rhw cdqhu_shudr _bshmf nm sgd ldsqhb- Sgd k_ssdq hr sgd nmkx sxod
ne svn,knno chudqfdmbd sg_s vntkc rgnv to hm chldmrhnm_k qdftk_qhy_shnm- Rhmbd sgd udqshbdr
bnms_hm nmkx svn onvdqr ne lnldms_) sgd knf_qhsglhb svn,knno chudqfdmbdr vhkk bnld eqnl
svn,knno ch_fq_lr bnms_hmhmf sgqdd dwsdqm_k fq_uhsnmr nm,rgdkk-

Sgd sdmrnqh_k rsqtbstqd ne sgd svn,knno chudqfdmbd _r _ etmbshnm ne sgd ldsqhb odqstqa_shnm
gµµ _mc sgd cdqhu_shudr ∂µ) vhsg sgd sgqdd dwsdqm_k fq_uhsnmr s_jdm nm,rgdkk) b_m ad etkkx cd,
sdqlhmdc to sn _ mtldqhb_k bnde“bhdms- Hmcddc) he vd vnqj hm cd Cnmcdq f_tfd) sgd fq_uhsnm
“dkc hr sq_bdkdrr _mc sq_mrudqrd ’rdd ’1-34(() sgtr sgd nmkx etmbshnm_k rsqtbstqd vghbg bnms_hmr
rhw cdqhu_shudr _bshmf nm sgd ldsqhb odqstqa_shnm _mc cndr mns u_mhrg nm,rgdkk hr >1.)10[

κ4g�β∂�∂µ∂µg
ρσ∂β∂ρ∂σgµµ - ’1-052(

Mnsd sg_s nsgdq etmbshnm_k rsqtbstqdr cdodmchmf nm sgd c%@kdladqsh_m □ + ∂µ∂
µ cn mns

bnmsqhatsd adb_trd sgdx u_mhrg nm,rgdkk- Sgd “ud onvdqr ne κ hm ’1-052( b_m ad tmcdqrsnnc
_r enkknvr9 sgqdd onvdqr _qd mddcdc enq sgd b_mnmhb_k mnql_khy_shnm ne sgd fq_uhsnm “dkc ’h-d-
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’_( ’a( ’b(

’c( ’d( ’e(

’f( ’g(

Ehftqd 1-19 Rds ne ch_fq_lr sg_s bnmsqhatsd vhsg knf_qhsglhb chudqfdmbdr sn sgd chudq,
fdms o_qs ne sgd svn,knno pt_mstl deedbshud _bshnm- V_ux dwsdqm_k khmdr bnqqdronmc
sn fq_uhsnmr) vghkd sgd rnkhc hmsdqm_k khmdr bnqqdronmc sn dhsgdq fq_uhsnm nq E_ccddu,
Ononu oqno_f_snqr-

κgµµ hr chldmrhnmkdrr() vghkd sgd qdl_hmhmf svn onvdqr _qd mddcdc sn fhud sgd qhfgs chldmrhnm
sn sgd chudqfdms o_qs ne sgd svn,knno deedbshud _bshnm- Sgdqdenqd) vd dwodbs sgd bnu_qh_ms enql
ne ’1-052( sn ad oqnonqshnm_k sn btqu_stqd hmu_qh_msr ne l_rr chldmrhnm dpt_k sn rhw ltkshokhdc
ax κ1 + 0<L1

Ok-
@kk onrrhakd ch_fq_lr sg_s bntkc fhud _ mnm,u_mhrghmf bnmsqhatshnm oqnonqshnm_k sn ’1-052(

_qd sgnrd vhsg sgqdd dwsdqm_k fq_uhsnmr _ss_bgdc sn sgqdd chrshmbs udqshbdr) _mc _qd rgnvm hm
“f- 1-1- Svn,knno ch_fq_lr vhsg svn dwsdqm_k khmdr _ss_bgdc sn sgd r_ld udqsdw b_mmns fdm,
dq_sd svn,knno chudqfdmbdr oqnonqshnm_k sn ’1-052() sgtr vd cn mns rgnv sgdl- Lnqdnudq)
nmd b_m “mc sg_s sgd chudqfdms o_qs ne sgd svn,knno ch_fq_l hm “f- 1-1g u_mhrgdr) vgdqd_r
sgd ch_fq_l hm “f- 1-1f nmkx bnmsqhatsdr vhsg _ cntakd onkd chudqfdmbd hm chldmrhnm_k qdf,
tk_qhy_shnm >1.) 10[- Gnvdudq) vd vhkk rgnv adknv sg_s cntakd onkd chudqfdmbdr _qd _ardms
nm,rgdkk-

@r cnmd hm sgd nmd,knno b_rd) vd b_m “mc sgd bnu_qh_ms sdmrnq rsqtbstqd ne sgd chudqfdms
o_qs ne sgd svn,knno deedbshud _bshnm trhmf sgd knb_khsx ne bntmsdqsdqlr _mc cheednlnqoghrl
hmu_qh_mbd) vgdqd_r sgd dw_bs mtldqhb_k bnde“bhdms b_m nmkx ad cdsdqlhmdc ax odqenqlhmf _m
dwokhbhs bnlots_shnm- Etqsgdqlnqd) vhsgnts ltbg deenqs) vd b_m _krn cdsdqlhmd sgd onkd nqcdq

3.



RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

ne sgd svn,knno chudqfdmbd hm chldmrhnm_k qdftk_qhy_shnm) h-d- vgdsgdq hs hr _ rhlokd onkd 0<ϵ)
nq _ cntakd onkd 0<ϵ1- Vd “qrs cdqhud sgd sdmrnq rsqtbstqd ne sgd svn,knno chudqfdmbd) _mc
sgdm enbtr nm sgd nqcdq ne sgd onkd-

Sdmrnq rsqtbstqd ne bntmsdqsdqlr

Sgd svn,knno bntmsdqsdql ltrs ad oqnonqshnm_k sn rnldsghmf khjd

�
�1(
chu =f[ ∝ κ1



c3w


�fP ) ’1-053(

vgdqd P hr _m hmu_qh_ms ne l_rr chldmrhnm rhw sg_s bnms_hmr bnmsq_bshnmr ne ldsqhb sdmrnqr)
Qhdl_mm btqu_stqdr _mc bnu_qh_ms cdqhu_shudr- Sgd onrrhakd bnmsq_bshnmr) mdfkdbshmf hqqdkdu_ms
antmc_qx sdqlr) _qd >12[

∇µQ∇µQ ) ∇ρQµµ∇ρQµµ ) Q2 ) QQµµQ
µµ ) QµµQ

µρQ µ
ρ ) QQµµρσQµµρσ )

QµµQρσQµρµσ ) Q β
� Q�µµρQβµµρ ) QµµρσQµµ

�β
Qρσ�β ) QµµρσQµ ρ

� β
Qµ�σβ -

’1-054(

Ehqrs) vd mnsd sg_s _kk sdqlr dwbdos sgd k_rs svn _qd oqnonqshnm_k sn sgd bk_rrhb_k u_bttl “dkc
dpt_shnmr- Sghr ld_mr sg_s sgdx b_m ad _arnqadc ax _ qdcd“mhshnm ne sgd ldsqhb “dkc sg_s fdm,
dq_khydr ’1-044( vhsg _cchshnm_k sdqlr ne l_rr chldmrhnm entq) d-f- fµµQ

1) fµµQρσQρσ) QQµµ)
∇µ∇µQ) _mc rn nm- Lnqdnudq) hs b_m ad rgnvm sg_s sgd k_rs svn btahb hmu_qh_msr hm ’1-054( _qd
khmd_qkx cdodmcdms- Sghr enkknvr eqnl sgd hcdmshsx

Q=µµ
ρσ

Qρσ

�β
Q�[β

µµ
+ . ) ’1-055(

sg_s hm entq ro_bdshld chldmrhnmr hr _kv_xr sqtd ctd sn _mshrxlldsqhy_shnm nudq “ud hmchbdr-
Lnqd dwokhbhskx) hs qd_cr >3[

. + 3QµµρσQρσ�βQµµ

�β
� 7QµµρσQµ ρ

� β
Qµ�σβ ) �sdqlr oqnonqshnm_k sn Qµµ _mc Q( - ’1-056(

Sghr ld_mr sg_s to sn bnmsqhatshnmr oqnonqshnm_k sn sgd u_bttl “dkc dpt_shnmr sgd k_rs hm,
u_qh_ms hm ’1-054( b_m ad dwoqdrrdc hm sdqlr ne sgd mdws,sn,k_rs nmd- Sgdqdenqd) sgd sdmrnq
rsqtbstqd ne sgd svn,knno bntmsdqsdql hr fhudm ax

�
�1(
chu =f[ ∝ κ1



c3w


�f QµµρσQµµ

�β
Qρσ�β - ’1-057(

Vg_s rshkk qdl_hmr sn ad cdsdqlhmdc hr sgd onkd nqcdq ne sgd svn,knno chudqfdmbd _mc) ne bntqrd)
sgd dw_bs mtldqhb_k bnde“bhdms-

?ardmbd ne cntakd onkd chudqfdmbd

Hm fdmdq_k) hm sgd eq_ldvnqj ne odqstqa_shud PES) _ svn,knno chudqfdmbd b_m _ood_q vhsg ansg
rhlokd ’0<ϵ( _mc cntakd ’0<ϵ1( onkdr hm chldmrhnm_k qdftk_qhy_shnm: sgd k_ssdq hr cdsdqlhmdc
ax nmd,knno rtasq_bshnmr sg_s ltrs ad hlokdldmsdc bnqqdbskx sn _unhc sgd _ood_q_mbd ne hm,
bnmrhrsdms mnm,knb_k TU chudqfdmbdr- Hs b_m _bst_kkx ad rgnvm sg_s he _ PES hr “mhsd to sn M
knnor) sgdm sgd M )0 knno chudqfdmbd vhkk bnms_hm nmkx _ rhlokd onkd >13)14[- Sghr ld_mr sg_s
rhmbd Dhmrsdhm%r fq_uhsx ’vhsgnts l_ssdq( hr “mhsd _s nmd knno) sgd svn,knno chudqfdmbd ltrs
bnms_hm nmkx _ rhlokd onkd-

Sghr qdrtks b_m ad oqnudm _r enkknvr- Rhmbd otqd fq_uhsx hr “mhsd _s nmd knno) he vd hl,
okdldms sgd “dkc qdcd“mhshnm vd b_m sgdm b_kbtk_sd sgd svn,knno bnmsqhatshnm sn sgd deedbshud
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_bshnm vhsgnts trhmf bntmsdqsdqlr _mc nmd,knno rtasq_bshnmr- Sghr ld_mr sg_s sgd svn,knno
chudqfdmbd vhkk g_ud sgd enkknvhmf rbgdl_shb enql9

µ1ϵ


B0

ϵ
)

B1

ϵ1



) ’1-058(

vgdqd µ hr sgd qdmnql_khy_shnm rb_kd vgnrd onvdq 1ϵ hr mddcdc sn bnlodmr_sd sgd 1�3 � ϵ(
chldmrhnm ne svn,knno hmsdfq_kr hm chldmrhnm_k qdftk_qhy_shnm) vghkd B0 _mc B1 _qd knb_k etmb,
shnmr-

Sgd svn,knno b_kbtk_shnm b_m _krn ad odqenqldc hm _m _ksdqm_shud v_x) trhmf bntmsdqsdqlr
_mc nmd,knno rtasq_bshnmr) h-d- vhsgnts l_jhmf _mx “dkc qdcd“mhshnm- Hm sghr b_rd) sgd dwoqdr,
rhnm ne sgd svn,knno chudqfdmbd vhkk mns bnms_hm _mx µϵ _mc rbgdl_shb_kkx qd_cr

B ′
0

ϵ
)

B ′
1

ϵ1
) ’1-06.(

vgdqd B ′
0 _mc B ′

1 _qd knb_k etmbshnmr-
Rhmbd sgd svn bnlots_shnmr ltrs fhud sgd r_ld qdrtks nm,rgdkk) vd g_ud

�0 ) 1ϵ kmµ) - - - (


B0

ϵ
)

B1

ϵ1



+
B ′

0

ϵ
)

B ′
1

ϵ1
- ’1-060(

Dpt_shmf dpt_k onvdqr ne 0<ϵ) hs enkknvr sg_s B1 ltrs u_mhrg adb_trd B ′
1 hr _ knb_k etmbshnm _mc

b_mmns bnms_hm _mx knf_qhsglhb cdodmcdmbd- Vd fds B0 + B ′
0 ̸+ . _mc B1 + B ′

1 + .) rn cntakd
onkdr _qd _ardms hm sgd svn,knno chudqfdmbd ne otqd Dhmrsdhm%r fq_uhsx-

Sghr qdrtks v_r bnm“qldc ax _m dwokhbhs b_kbtk_shnm ne sgd ch_fq_lr hm “f- 1-1) _mc sgd “m_k
dwoqdrrhnm ne sgd f_tfd,hmcdodmcdms chudqfdms o_qs ne sgd svn,knno deedbshud _bshnm) hmbktchmf
sgd dw_bs mtldqhb_k bnde“bhdms) hr fhudm ax >1.)10)15[

�
�1(
chu =f[ +

1.8
177.�3π(3

κ1

ϵ



c3w


�f QµµρσQµµ

�β
Qρσ�β ) ’1-061(

_mc hr _krn jmnvm _r sgd Fnqnee,R_fmnssh bntmsdqsdql- Hs hr vnqsg sn ldmshnm sg_s sgd etkk nee,
rgdkk dwoqdrrhnm ne sgd chudqfdms o_qs ne sgd svn,knno deedbshud _bshnm bnms_hmr cntakd onkdr)
ats sgdhq sdmrnq rsqtbstqd hr oqnonqshnm_k sn sgd bk_rrhb_k u_bttl dpt_shnmr _mc u_mhrgdr nm,
rgdkk- Hm nsgdq vnqcr) _ “dkc qdcd“mhshnm b_m ad odqenqldc sn qd_arnqa sgdrd chudqfdmbdr hm _
qdmnql_khy_shnm ne sgd ldsqhb sdmrnq) sgtr sgd nmkx sqtd f_tfd,hmcdodmcdms chudqfdmbd _s svn
knnor hr sgd nmd hm ’1-061(-

1-2-5 Ghfgdq,knno chudqfdmbdr

Mn dwokhbhs bnlots_shnmr ne knno chudqfdmbdr ghfgdq sg_m svn g_ud addm odqenqldc hm sgd
odqstqa_shud PES _ooqn_bg sn FQ- Gnvdudq) hs hr rshkk onrrhakd sn cdsdqlhmd sgd bnu_qh_ms enql
ne sgd kd_chmf chudqfdmbdr to sn mtldqhb_k bnde“bhdmsr- Hmcddc) hs b_m ad d_rhkx rgnvm sg_s
sgd kd_chmf chudqfdms bnmsqhatshnm sn sgd K,knno deedbshud _bshnm hm c + 3 hr fhudm ax >16[

�
�K(
chu =f[ ∝ κ1K�1



c3w


�fP ) ’1-062(

vgdqd mnvP hr _ knb_k etmbshnm ne l_rr chldmrhnm dpt_k sn 1K)1) hmcdodmcdms ne κ) _mc bnm,
rsqtbsdc hm sdqlr ne K� j)0 Qhdl_mm sdmrnqr _mc 1j bnu_qh_ms cdqhu_shudr) vgdqd . ≤ j ≤ K-
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Sgd onvdq ne κ b_m ad cdsdqlhmdc _r enkknvr- Rhmbd _m mh,kdf udqsdw hr oqnonqshnm_k sn
κmh�1) _m K,knno ch_fq_l vhsg U udqshbdr vhkk ad oqnonqshnm_k sn κ sn sgd onvdq

U


h+0

�mh � 1( +
U


h+0

mh � 1U - ’1-063(

Trhmf sgd e_bs sg_s _m hmsdqm_k oqno_f_snq hr _kv_xr bnmmdbsdc sn svn udqshbdr) vd b_m vqhsd

U


h+0

mh + 1H ) D ) ’1-064(

vgdqd H hr sgd mtladq ne hmsdqm_k oqno_f_snqr _mc D sgd mtladq ne dwsdqm_k fq_uhsnm kdfr-
Rtarshstshmf sgd k_rs dpt_shnm hmsn ’1-063() vd fds

U


h+0

�mh � 1( + 1H ) D � 1U + 1K � 1 ) D ) ’1-065(

vgdqd hm sgd k_rs rsdo vd trdc sgd snonknfhb_k hcdmshsx H � U + K � 0- Rhmbd D onvdqr ne κ
_qd mddcdc enq sgd b_mnmhb_k mnql_khy_shnm ne D dwsdqm_k fq_uhsnm “dkcr) vd _qd nmkx kdes vhsg
1K � 1) vghbg hr dw_bskx sgd onvdq ne κ rgnvm hm ’1-062(-

Kds tr dlog_rhyd sg_s sgd rsqtbstqd ’1-062( hr nmkx u_khc enq sgd kd_chmf K,knno chudqfdmbdr)
vghkd onvdq k_v chudqfdmbdr _qd mns b_ostqdc- Enq dw_lokd) hm sgd b_rd ne svn knnor vd b_m
g_ud pt_cq_shb onvdq,k_v chudqfdmbdr sg_s _qd oqnonqshnm_k sn Q1 _mc QµµQ

µµ- Etqsgdqlnqd)
hs hr _krn vnqsg sn ldmshnm sg_s) vghkd _s svn knnor sgd cntakd onkd chudqfdmbd hr _ardms ctd
sn sgd nmd,knno “mhsdmdrr ne otqd FQ) _s knnor ghfgdq sg_m svn rhlhk_q b_mbdkk_shnmr cn mns
g_oodm) _mc _kk onrrhakd onkd nqcdqr _qd dwodbsdc sn ad oqdrdms-

1-2-6 VgWs sn cn mdws:

@s sghr onhms) rdudq_k ptdrshnmr bntkc ad q_hrdc9 vg_s cndr sgd e_hktqd ne odqstqa_shud qdmnq,
l_khy_ahkhsx ne FQ ld_m; @qd vd hlokdldmshmf sgd pt_mshy_shnm ne fq_uhsx hm sgd qhfgs v_x;
Hr sgd odqstqa_shud _ooqn_bg hmrte“bhdms enq sgd pt_mshy_shnm ne FQ; Hr sgd PES eq_ldvnqj
mns rths_akd sn cdrbqhad pt_mstl _rodbsr ne fq_uhsx; @qd vd vnqjhmf vhsg sgd vqnmf rds ne
cdfqddr ne eqddcnl; @qd vd lhrrhmf rnld dmg_mbdc nq aqnjdm rxlldsqx; B_m sgd pt_mstl
_mc fq_uhs_shnm_k vnqkcr ad bnlo_shakd _s _kk;

DES ne FQ

Ehqrs ne _kk) kds tr bk_qhex sg_s PES _mc FQ _qd bnlo_shakd) _s kd_rs hm sgd knv,dmdqfx qdfhld9 sgd
e_hktqd ne odqstqa_shud qdmnql_khy_ahkhsx cndr mns hlokx sg_s FQ b_mmns ad sqd_sdc _r _ PES-
Hm e_bs) nmd b_m enqltk_sd _ bnmrhrsdms DES ne FQ sg_s hr u_khc to sn rnld btsnee dmdqfx rb_kd
’d-f-) sgd Ok_mbj l_rr LOk ∼ 0.07 FdU hm otqd fq_uhsx() hm rtbg _ v_x sg_s PF oqdchbshnmr b_m
ad sqtrsdc to sn “mhsd dqqnqr oqnonqshnm_k sn hmudqrd onvdqr ne sgd btsnee >17)18[- Hm sghr b_rd)
sgd knb_k o_qs ne sgd fq_uhs_shnm_k K_fq_mfh_m vhkk bnms_hm _kk onrrhakd hm“mhsd bntmsdqsdqlr
sg_s _qd bnlo_shakd vhsg sgd rxlldsqhdr ne FQ9

RDES +



c3w


�f


0
1κ1

�Q� 1Λ( ) ‘0Q
1 ) ‘1QµµQ

µµ

)‘2κ
1Q2 ) ‘3κ

1QµµρσQρσ

�β
Q�βµµ ) - - -



)

’1-066(

vgdqd sgd cnsr rs_mc enq _kk onrrhakd knb_k bnmsq_bshnmr ne ldsqhb sdmrnqr) Qhdl_mm sdmrnqr _mc
bnu_qh_ms cdqhu_shudr- He l_ssdq hr _ardms) vd jmnv sg_s _kk sdqlr oqnonqshnm_k sn sgd bk_rrhb_k

32



RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

“dkc dpt_shnmr b_m ad qdlnudc ax _ ldsqhb “dkc qdcd“mhshnm) vghkd he l_ssdq hr oqdrdms) sgd
DES ne FQ b_m _krn b_ostqd bnqqdbshnmr bnlhmf eqnl sdqlr khjd Q1) QµµQ

µµ) Q2) dsb- Sgd bn,
de“bhdmsr ‘0) ‘1) ‘2) ‘3) - - - _qd chldmrhnmkdrr) _mc sgdhq qdmnql_khydc u_ktd b_m ad cdsdqlhmdc
to sn dqqnqr oqnonqshnm_k sn onvdqr ne D<LOk) vgdqd D hr sgd bg_q_bsdqhrshb dmdqfx rb_kd ne sgd
ogxrhb_k oqnbdrr- Vgdm sgd bntokhmf vhsg l_ssdq hr rvhsbgdc nm) hs b_m ad rgnvm sg_s sgd TU
btsnee ne sgd DES adbnldr knvdq sg_m sgd Ok_mbj rb_kd >2.[: rdd _krn rdbshnm 4-0-

Hs hr hlonqs_ms sn nardqud sg_s hm sgd DES ne FQ) sgd _cchshnm_k nodq_snqr hm ’1-066( cn
mns hmsqnctbd mdv cdfqddr ne eqddcnl) sg_s hr) sgd l_rrkdrr fq_uhsnm qdl_hmr sgd nmkx ogxrhb_k
o_qshbkd hm sgd fq_uhs_shnm_k rodbsqtl-

Nmd _ooqn_bg sn PF hr sn ad ’sdlonq_qhkx( g_oox vhsg _ knv,dmdqfx DES cdrbqhoshnm _mc
sn enqfds _ants _mx rodbh“b enql ne TU bnlokdshnmr _mc�nq mnm,sqhuh_k cdo_qstqdr eqnl FQ-
Rdd rdbshnm 2 enq _ookhb_shnmr ne sgd DES ne FQ-

Mnm,odqstqaWshud qdmnqlWkhyWahkhsx:

@ksgntfg FQ hr odqstqa_shudkx mnm,qdmnql_khy_akd) hs lhfgs g_oodm sg_s sgd pt_mstl sgdnqx
onrrdrrdr _m hmsdq_bshmf TU “wdc onhms- Sghr vntkc hlokx sg_s sgd Dhmrsdhm,Ghkadqs _bshnm
rtookdldmsdc vhsg _kk onrrhakd hm“mhsd snvdq ne ghfgdq,btqu_stqd bnmsq_bshnmr sg_s _qd bnl,
o_shakd vhsg cheednlnqoghrl hmu_qh_mbd hr mnm,odqstqa_shudkx qdmnql_khy_akd) _ oqnodqsx sg_s
sgd odqstqa_shud PES _ooqn_bg vntkc e_hk sn b_ostqd- Hm sghr b_rd) pt_mstl _rodbsr ne fq_uhsx
vntkc ad adssdq cdrbqhadc hm sgd mnm,odqstqa_shud PES eq_ldvnqj) _mc sgd bnqqdronmchmf PF
_ooqn_bg hr jmnvm _r @RPF >20[- Ansg bnmshmttl EQF sdbgmhptdr >3) 21[ _mc k_sshbd ldsg,
ncr >22[ g_ud addm oqnonrdc _r bnlots_shnm_k snnkr sn oqnud sgd dwhrsdmbd ne _m hmsdq_bshmf
“wdc onhms- Nmd rtbg k_sshbd ldsgnc hr jmnvm _r b_tr_k cxm_lhb_k sqh_mftk_shnmr ’BCS() _mc
hs hr rnldshldr _krn rddm _r _ cheedqdms PF _ooqn_bg-

Hm rdbshnm 3) sgd fdmdq_k mnshnm ne mnm,odqstqa_shud qdmnql_khy_shnm _mc sgd EQF ldsgnc
_qd hmsqnctbdc) _mc sgdhq _ookhb_shnm sn PF hr chrbtrrdc-

Adxnmc,PES WooqnWbgdr:

@mnsgdq onrrhahkhsx bntkc ad sg_s sgd eq_ldvnqj ne PES hr mns rths_akd enq b_ostqhmf pt_mstl
_rodbsr ne fq_uhsx _s sgd etmc_ldms_k kdudk- Vghkd sgd DES sqd_sldms) vghbg hr PES,a_rdc)
bntkc ad sqtrsdc sn rstcx pt_mstl,fq_uhs_shnm_k ogxrhbr _s knv dmdqfhdr) hs lhfgs g_oodm sg_s
sgd ghfg,dmdqfx adg_uhnq ne sgd fq_uhs_shnm_k hmsdq_bshnm b_mmns ad bnmrhrsdmskx cdrbqhadc vhsg
sgd snnkr ne PES- @knmf sghr chqdbshnm) sgdqd _qd rdudq_k sxodr ne oqnonr_kr- Nm nmd rhcd) sgdqd
_qd _ooqn_bgdr sg_s sqx sn enqltk_sd _ sgdnqx ne pt_mstl ro_bdshld _s _ etkk mnm,odqstqa_shud
kdudk9 sgdrd hmbktcd knno pt_mstl fq_uhsx >23[) b_tr_k rds sgdnqx >24[) _mc mnm,bnllts_shud
fdnldsqx >25[) _mc hm rnld ne sgdl ro_bdshld hr etmc_ldms_kkx chrbqdsd- Nm sgd nsgdq rhcd)
sgdqd hr sgd eq_ldvnqj ne RS >26) 27[ vgdqd sgd bnmbdos ne _ ro_bdshld ldsqhb hr rnldgnv
dldqfdms eqnl lnqd etmc_ldms_k rsqhmfx cdfqddr ne eqddcnl hm sdqlr ne vghbg nmd _hlr _s
enqltk_shmf _ tmh“dc TU,bnlokdsd pt_mstl sgdnqx ne _kk hmsdq_bshnmr-

@m hmsqnctbshnm sn RS hr fhudm hm rdbshnm 4-

Hmrhrs W khsskd lnqd nm sgd odqstqaWshud PES eqWldvnqj:

Vghkd vd lhfgs ad rsqnmfkx sdlosdc sn hlldch_sdkx _a_mcnm sgd odqstqa_shud PES eq_ldvnqj
_esdq kd_qmhmf sg_s FQ hr odqstqa_shudkx mnm,qdmnql_khy_akd) sgdqd hr _bst_kkx _m nauhntr ptdr,
shnm vd rgntkc rshkk _rj ntqrdkudr adenqd rs_qshmf sn sghmj _ants nsgdq _ooqn_bgdr sn PF9 hr sgd
odqstqa_shud PES eq_ldvnqj _ookhdc sn fq_uhsx nmkx trdetk enq cdrbqhahmf FQ _r _m DES hm sgd
knv,dmdqfx qdfhld; Hm sgd qdl_hmcdq ne sghr rdbshnm) vd vhkk rgnv sg_s sgd _mrvdq hr mdf_shud-
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Hm e_bs) _ rhlhk_q rsnqx g_oodmdc enq sgd nsgdq enqbdr ne m_stqd) enq dw_lokd sgd vd_j
hmsdq_bshnm- Hm sghr b_rd) Edqlh sgdnqx stqmdc nts sn ad odqstqa_shudkx mnm,qdmnql_khy_akd-
V_r sghr _ oqnakdl enq _ bnmrhrsdms pt_mshy_shnm ne sgd vd_j hmsdq_bshnm hm sgd eq_ldvnqj
ne PES; Nauhntrkx mns� Hmcddc) sgd qd_k rsnqx hr sg_s Edqlh sgdnqx hr _ mnm,qdmnql_khy_akd
DES u_khc _s dmdqfx rb_kdr adknv 0.. FdU) _mc hsr odqstqa_shud bnlokdshnm hr sgd dkdbsqnvd_j
sgdnqx vghbg hr _ zrsqhbskx• qdmnql_khy_akd PES >28[- Kds tr qdb_kk sg_s hm sghr bnmsdws sgd vnqc
zrsqhbskx• ld_mr sg_s sgd hmsdq_bshnm bntokhmfr sg_s fnudqm sgd TU adg_uhnq ne sgd sgdnqx _qd
chldmrhnmkdrr ’rdd rdbshnm 1-@-3 enq _ cds_hkdc chrbtrrhnm ne onvdq,bntmshmf qdmnql_khy_ahkhsx
_mc sgd cd“mhshnm ne rsqhbs qdmnql_khy_ahkhsx(-

Hs rgntkc ad mnsdc sg_s hm sgd k_rs bdmstqx) _ udqx hlonqs_ms sgdnqdshb_k _bghdudldms hm etm,
c_ldms_k ogxrhbr g_r addm sgd qd_khy_shnm sg_s zrsqhbs• qdmnql_khy_ahkhsx b_m ad _ onvdqetk _mc
oqdchbshud bqhsdqhnm enq rdkdbshmf etmc_ldms_k K_fq_mfh_mr hm sgd eq_ldvnqj ne odqstqa_shud
PES- Hm e_bs) _kk RL hmsdq_bshnmr ’dkdbsqnl_fmdshb) vd_j _mc rsqnmf( _qd cdrbqhadc _r zrsqhbskx•
qdmnql_khy_akd PESr- Sgdqdenqd) sgd lnrs knfhb_k _mc bnmrdqu_shud ptdrshnm sn _rj hr9

Hr sgdqd _mx zrsqhbskx• qdmnql_khy_akd PES ne fq_uhs_shnm_k hmsdq_bshnm;

Sgd _mrvdq hr onrhshud9 hm c + 3 sgdqd dwhrsr _ tmhptd zrsqhbskx• qdmnql_khy_akd PES ne
fq_uhsx sg_s hr ldsqhb bnlo_shakd) g_r ydqn snqrhnm _mc oqdrdqudr sgd rxlldsqhdr ’cheednlnq,
oghrl _mc o_qhsx hmu_qh_mbd( ne FQ- Hsr K_fq_mfh_m bnms_hmr nodq_snqr ne l_rr chldmrhnmr to
sn entq) hm o_qshbtk_q sgdrd hmbktcd btqu_stqd hmu_qh_msr to sn pt_cq_shb nqcdq- Sghr sgdnqx hr
jmnvm _r pt‘cq‘shb fq‘uhsx >3.fl34[-

Gdmbd) hs hr hlonqs_ms sn tmcdqrs_mc vg_s odqstqa_shud PES _mc rsqhbs qdmnql_khy_ahkhsx
b_m rshkk sdkk tr _ants fq_uhsx _s _ lnqd etmc_ldms_k kdudk _mc) hm o_qshbtk_q) vgdsgdq sgdx b_m
rshkk ad bnmrhcdqdc _ onvdqetk eq_ldvnqj _mc _ oqdchbshud bqhsdqhnm sn cdrbqhad mdv ogxrhbr
adxnmc FQ- Sgdrd _qd sgd ptdrshnmr vd _qd fnhmf sn bqhshb_kkx _rrdrr hm sgd k_rs o_qs ne sghr
rdbshnm-

1-3 PtWcqWshb fqWuhsx

Hm sghr rdbshnm) vd _hl _s dwoknqhmf rdudq_k ed_stqdr ne pt_cq_shb fq_uhsx- Vd vhkk “qrs hmsqnctbd
sgd bk_rrhb_k _bshnm _mc sgd “dkc dpt_shnmr- Vd vhkk sgdm lnud sn pt_mstl _rodbsr) cdqhud sgd
oqno_f_snq) cdsdqlhmd sgd cdfqddr ne eqddcnl) _mc rgnv onvdq,bntmshmf qdmnql_khy_ahkhsx-
Vd vhkk l_jd _ bnlo_qhrnm adsvddm pt_cq_shb fq_uhsx _mc sgd DES ne FQ hm nqcdq sn bk_qhex
rnld onhmsr sg_s _qd rnldshldr lhrtmcdqrsnnc- Vd vhkk _krn ghfgkhfgs sgd tmhptdmdrr _mc
oqdchbshud onvdq ne sgd sgdnqx _r bnmrdptdmbdr ne rsqhbs qdmnql_khy_ahkhsx- Ehm_kkx) vd vhkk
chrbtrr sgd l_hm nodm ptdrshnmr hm qdk_shnm sn sgd l_rrhud rohm,svn fgnrs _mc sgd ghfg,dmdqfx
adg_uhnq ne sgd sgdnqx) _qntmc vghbg cda_sdr _qd rshkk nmfnhmf- Ctd sn sgd k_bj ne zro_bdshld•)
hm sghr k_rs rdbshnm vd vhkk oqnuhcd kdrr bnlots_shnm_k cds_hkr sg_m hm oqduhntr nmdr- Gnvdudq)
vd vhkk sntbg nm _kk sgd qdkdu_ms bnmbdost_k onhmsr _mc _krn l_jd bnms_bs vhsg dwodqhldmsr)
vghkd sqxhmf sn jddo sgd dwok_m_shnmr odc_fnfhb_k-

1-3-0 ?bshnm Wmc “dkc dptWshnmr

Vd v_ms sn bnmrhcdq sgd fdmdq_k fq_uhs_shnm_k _bshnm sg_s bnms_hmr hmu_qh_msr ne l_rr chldm,
rhnm to sn entq- Eqnl sgd _m_kxrhr ne nmd,knno chudqfdmbdr hm FQ odqenqldc hm rdbshnm 1-2-3)
vd _kqd_cx jmnv sg_s sgd fdmdq_k dwoqdrrhnm hm ’1-035( b_m ad qdctbdc sn svn hmcdodmcdms
btqu_stqd hmu_qh_msr to sn antmc_qx sdqlr) sgdrd _qd Q1 _mc QµµQ

µµ- Gnvdudq) hmrsd_c ne
vnqjhmf vhsg sgd rpt_qd ne sgd Qhbbh sdmrnq) hs hr mnv bnmudmhdms sn hmsqnctbd sgd rpt_qdc
Vdxk sdmrnq) _r vd vhkk dwok_hm adknv-
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Sgd Vdxk sdmrnq hr cd“mdc _r sgd sq_bd,eqdd o_qs ne sgd Qhdl_mm sdmrnq) _mc hm c + 3 hs
qd_cr

Bµµρσ + Qµµρσ )
0
1

�

fµσQµρ � fµρQµσ ) fµρQµσ � fµσQµρ


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Q -

’1-067(
Trhmf sgd qdk_shnm

BµµρσBµµρσ + QµµρσQµµρσ � 1QµµQ
µµ )

0
2
Q1 ) ’1-068(

_mc sgd e_bs sg_s sgd F_trr,Anmmds sdql



�f � ≡


�f
�

QµµρσQµµρσ � 3QµµQ
µµ ) Q1



’1-07.(

hr knb_kkx _ sns_k cdqhu_shud) vd b_m qdok_bd QµµQ
µµ hm sdqlr ne Q1 _mc BµµρσBµµρσ oktr antmc,

_qx bnmsqhatshnmr9

QµµQ
µµ +

0
1

BµµρσBµµρσ )
0
2
Q1 �

0
1
� - ’1-070(

Sgdqdenqd) sgd bk_rrhb_k _bshnm ne pt_cq_shb fq_uhsx b_m ad vqhssdm _r02

Rpf +
0
1



c3w

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

0
κ1

�Q� 1Λ( )
b.

5
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b1

1
BµµρσBµµρσ



) ’1-071(

vgdqd b.) b1 _qd chldmrhnmkdrr bnmrs_msr: sgd mtldqhb_k bnde“bhdmsr _mc rhfmr g_ud addm bgn,
rdm enq bnmudmhdmbd) _r vhkk adbnld bkd_q vgdm sgd oqno_f_snq hr cdqhudc _mc sgd l_rrdr ne
sgd cdfqddr ne eqddcnl _qd cdsdqlhmdc-

Sgd pt_cq_shb fq_uhsx _bshnm hr rshkk hmu_qh_ms tmcdq cheednlnqoghrlr9 he vd odqenql sgd
ldsqhb sq_mrenql_shnm δζfµµ hm ’1-0.() vd fds δζRpf + .-

Sgd bk_rrhb_k “dkc dpt_shnmr _qd fhudm ax >35[
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1Qρσ(Bµρµσ hr sgd rn,b_kkdc A_bg sdmrnq) vghbg hr sq_bdkdrr- Rhmbd hm
entq ro_bdshld chldmrhnmr) sgd A_bg sdmrnq b_m ad vqhssdm rnkdkx hm sdqlr ne Qhbbh rb_k_q _mc
Qhbbh sdmrnq)
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sgdm vd b_m _krn qdvqhsd sgd “dkc dpt_shnmr rnkdkx hm sdqlr ne sgd Qhbbh rb_k_q _mc sgd Qhbbh
sdmrnq) vhsgnts Qhdl_mm nq Vdxk sdmrnqr) h-d-
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’1-074(

02Sgd rtarbqhos zpf• rs_mcr enq zpt_cq_shb fq_uhsx• _mc rgntkc mns ad bnmetrdc vhsg zPF• vghbg hr trdc _r sgd
_bqnmxl enq zpt_mstl fq_uhsx• hm sgdrd kdbstqd mnsdr-
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Sgd sq_bd dpt_shnm cndr mns cdodmc nm b1 adb_trd sgd Vdxk sdmrnq) _mc sgtr _krn sgd A_bg
sdmrnq) hr sq_bdkdrr- Hmcddc) hs qd_cr

�
0
κ1

�Q� 3Λ( ) b.□Q + S - ’1-075(

Sgd oqdrdmbd ne nodq_snqr vhsg l_rr chldmrhnm dpt_k sn entq hlokhdr sg_s sgd cxm_lhbr ne
sgd ldsqhb hm pt_cq_shb fq_uhsx hr cdsdqlhmdc ax entqsg,nqcdq cdqhu_shud “dkc dpt_shnmr- Sghr
ld_mr sg_s lnqd antmc_qx bnmchshnmr _qd mddcdc sn “mc sgd rnktshnmr) _mc vd l_x _krn dwodbs
sgd _ood_q_mbd ne mdv cdfqddr ne eqddcnl hm _cchshnm sn sgnrd ne FQ-

1-3-1 OqnoWfWsnq Wmc cdfqddr ne eqddcnl

@r cnmd hm sgd b_rd ne FQ) vd b_m enqltk_sd pt_cq_shb fq_uhsx _r _ odqstqa_shud PES ax pt_m,
shyhmf ldsqhb fitbst_shnmr _qntmc rnld a_bjfqntmc _mc hm _ qdfhld hm vghbg hmsdq_bshnmr _qd
rte“bhdmskx vd_j- Sgdm) vd b_m hcdmshex jhmdshb _mc hmsdq_bshnm sdqlr) cdqhud sgd oqno_f_snq)
cdsdqlhmd sgd ogxrhb_k cdfqddr ne eqddcnl) _mc hmudrshf_sd sgd TU adg_uhnq ne sgd sgdnqx sn
tmcdqrs_mc vgdsgdq sgd bqhsdqhnm ne ’rsqhbs( qdmnql_khy_ahkhsx hr r_shr“dc-

Rhmbd sgd _bshnm bnms_hmr entqsg nqcdq cdqhu_shudr _bshmf nm sgd ldsqhb) vd dwodbs svn sxodr
ne bnmsqhatshnmr sn sgd jhmdshb sdql9 _ rs_mc_qc svn,cdqhu_shud sdql ∂ g∂ g) _mc _m _cchshnm_k
nmd vhsg entq cdqhu_shudr ∂ 1g∂ 1g- Sghr ld_mr sg_s vd g_ud svn noshnmr sn mnql_khyd sgd
l_rr chldmrhnm ne sgd “dkc _mc cd“md sgd dwo_mrhnm hm fitbst_shnmr9 vd b_m bgnnrd _ l_rr
chldmrhnm dpt_k sn nmd _r cnmd hm FQ) nq vd b_m vnqj vhsg _ chldmrhnmkdrr “dkc- Hs stqmr
nts sg_s sgd enqldq noshnm hr lnqd rths_akd enq knv,dmdqfx ogxrhbr) vghkd sgd k_ssdq b_ostqdr
sgd drrdmbd ne sgd ghfg,dmdqfx adg_uhnq ne sgd sgdnqx- G_uhmf _ chldmrhnmkdrr “dkc hm sgd TU
qdfhld cq_rshb_kkx chrshmfthrgdr pt_cq_shb fq_uhsx eqnl sgd DES ne FQ) _r vd vhkk dwok_hm hm
rdbshnm 1-3-3-

DwoWmrhnm hm ldsqhb fitbstWshnmr- @rrtlhmf sg_s sgd bnrlnknfhb_k bnmrs_ms hr mdfkhfhakd) kds
tr dwo_mc _qntmc sgd Lhmjnvrjh a_bjfqntmc _mc) enq sgd shld adhmf) bgnnrd sgd enkknvhmf
enql ne sgd ldsqhb odqstqa_shnm9

fµµ + ηµµ ) 1gµµ ) ’1-076(

vgdqd gµµ hr chldmrhnmkdrr-
Sgd _bshnm b_m ad dwo_mcdc _r

Rpf=η) 1g[ + R�1(
pf =η)g[ ) R�m≥2(

pf =η)g[ ) ’1-077(

vgdqd sgd jhmdshb sdql hr fhudm ax

R�1(
pf =η)g[ +



c3w


0
1
gµµ□



0
κ1
� b1□



gµµ � gρ
µ



0
κ1
� b1□



∂ρ∂µg
µµ

) g


0
κ1
�

0
2
�1b. ) b1(□



∂µ∂µg
µµ �

0
1
g


0
κ1
�

0
2
�1b. ) b1(□



□g

)
0
2
�b. � b1(gµµ∂

µ∂ µ∂ ρ∂ σgρσ



)

’1-078(

vghkd sgd hmsdq_bshnm o_qs R�m≥2(
pf =η)g[ bnms_hmr sdqlr ne cheedqdms sxod- Rbgdl_shb_kkx) vd g_ud

0
κ1

∂ 1gm ) b.∂
3gm ) b1∂

3gm - ’1-08.(

Mnsd sg_s sgd “qrs svn khmdr hm sgd jhmdshb sdql ’1-078( bnms_hm sgd r_ld sdmrnq rsqtbstqdr _r
hm FQ) vghkd sgd sghqc khmd bnms_hmr _ mdv sxod ne rsqtbstqd vhsg entq tmbnmsq_bsdc cdqhu_shudr-
He vd s_jd sgd khlhsr b. → . _mc b1 → .) vghkd jddohmf _kk sgd nsgdq o_q_ldsdqr _mc sgd “dkc
“wdc) vd qdbnudq sgd dwoqdrrhnm enq sgd jhmdshb sdql hm FQ cdqhudc hm ’1-13( to sn _ b_mnmhb_k
mnql_khy_shnm e_bsnq enq sgd fq_uhsnm “dkc-
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Ihmdshb nodqWsnq- Rhmbd vd _qd hmsdqdrsdc hm cdqhuhmf sgd oqno_f_snq) hs hr bnmudmhdms sn
qdvqhsd sgd jhmdshb sdql _r _ ahkhmd_q enql) rn sg_s vd b_m hcdmshex sgd jhmdshb nodq_snq- @esdq
rxlldsqhy_shnm ne sgd u_qhntr sdqlr hm ’1-078() vd nas_hm

R�1(
pf =η)g[ +



c3w
0
1
gµµµµρσ

pf gρσ ) ’1-080(

vgdqd sgd jhmdshb nodq_snq hr cd“mdc _r

µµρσ
pf ≡

0
1

�ηµρηµσ )ηµσηµρ(


0
κ1
� b1□



□�ηµµηρσ



0
κ1
�

0
2
�1b. ) b1(□



□

) �ηµµ∂ ρ∂ σ )ηρσ∂ µ∂ µ(


0
κ1
�

0
2
�1b. ) b1(□



�
0
1

�ηµρ∂ µ∂ σ )ηµσ∂ µ∂ ρ )ηµρ∂ µ∂ σ )ηµσ∂ µ∂ ρ(


0
κ1
� b1□



)
1
2
�b. � b1(∂

µ∂ µ∂ ρ∂ σ )

’1-081(

_mc r_shr“dr sgd enkknvhmf rxlldsqx oqnodqshdr9

µµρσ
pf + µµρσ

pf + µµσρ
pf + ρσµµ

pf - ’1-082(

Hm sdqlr ne sgd rohm,oqnidbsnq nodq_snqr hmsqnctbdc hm rdbshnm 1-1-5 ’rdd _krn rdbshnm 1-A() sgd
jhmdshb nodq_snq hm lnldmstl ro_bd b_m ad vqhssdm _r

µµρσ
pf + �

o1

κ1



O �1(µµρσ
�

0 ) κ1b1o1


� 1O �.)r(µµρσ
�

0 ) κ1b.o1


- ’1-083(

OqnoWfWsnq- Rhlhk_qkx sn sgd FQ b_rd) _krn gdqd sgd jhmdshb nodq_snq hr mns hmudqshakd- Sghr
ld_mr sg_s vd mddc sn hmsqnctbd _ f_tfd “whmf- Sgd r_ld cd Cnmcdq f_tfd trdc hm FQ
vntkc _kqd_cx ad dmntfg sn hmudqs sgd jhmdshb nodq_snq ats) rhmbd vd mnv g_ud cdqhu_shudr to
sn entqsg nqcdq) nsgdq sxodr ne bnu_qh_ms f_tfd,“whmf sdqlr bntkc _krn ad bgnrdm- @ fdmdqhb
knb_k enql enq sgd f_tfd “whmf hr fhudm ax >3)5[

Rfe=η)g[ + �
0
�κ1



c3w DµWµµDµ ) ’1-084(

vgdqd

Dµ ≡ ∂µg
µ
µ �

0 ) β

3
∂µg ) Wµµ ≡ ηµµ�0 ) γ□( )ω∂ µ∂ µ ) ’1-085(

�) β ) γ) _mc ω adhmf f_tfd,“whmf o_q_ldsdqr- Enq dw_lokd) he nmd hr hmsdqdrsdc hm rstcxhmf
sgd TU adg_uhnq ne sgd sgdnqx) sgdm _ f_tfd “whmf bnms_hmhmf entqsg,nqcdq cdqhu_shudr l_x ad
bnlots_shnm_kkx lnqd rths_akd-

Qdvqhshmf ’1-084( hm sdqlr ne sgd rohm oqnidbsnqr _mc _cchmf hs sn ’1-083() vd nas_hm _m
hmudqshakd nodq_snq vghbg b_m ad d_rhkx hmudqsdc ax trhmf sgd nqsgnfnm_khsx oqnodqshdr ne sgd
rohm oqnidbsnqr- Rhmbd sgd oqnbdctqd hr rhlhk_q sn sg_s odqenqldc hm sgd b_rd ne FQ) vd vhkk
rjho sgd cds_hkr ne sgd b_kbtk_shnm gdqd- Hm o_qshbtk_q) vd _qd l_hmkx hmsdqdrsdc hm sgd f_tfd,
hmcdodmcdms o_qs ne sgd oqno_f_snq vghbg bnms_hmr _krn hmenql_shnm _ants sgd o_qshbkd bnmsdms
ne sgd sgdnqx- To sn _ mnql_khy_shnm e_bsnq ne κ1) sgd oqno_f_snq hr fhudm ax >3.[
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Fpfµµρσ�o( + �h





l1
1O

�1(
µµρσ

o1�o1 ) l1
1(
�

l1
.O

�.)r(
µµρσ

1o1�o1 ) l1
.(



) - - -

+ �
h
o1



O �1(
µµρσ

�
0
1
O �.)r(

µµρσ



�
h
1

O �.)r(
µµρσ

o1 ) l1
.

) h
O �1(

µµρσ

o1 ) l1
1

) - - - )

’1-086(

vgdqd sgd cnsr qdoqdrdms f_tfd,cdodmcdms sdqlr vgnrd rohm rsqtbstqd vntkc mns bnmsqhatsd
he vd ltkshokx sgd oqno_f_snq ax _ bnmrdqudc rsqdrr,dmdqfx sdmrnq-

Kds tr mnv l_jd rnld bnlldmsr-

¶ Adb_trd ne entqsg,nqcdq cdqhu_shudr bnlhmf eqnl sgd pt_cq_shb,btqu_stqd sdqlr hm sgd _b,
shnm ’1-071() sgd TU adg_uhnq ne sgd oqno_f_snq hm pt_cq_shb fq_uhsx hr lnqd rtooqdrrdc
sg_m sgd FQ nmd) sg_s hr) hs e_kkr nee khjd ∼ 0<o3 hmrsd_c ne ∼ 0<o1- Sghr _rodbs hr bqtbh_k
enq sgd qdmnql_khy_ahkhsx ne sgd sgdnqx) _r vd vhkk dwok_hm hm rdbshnm 1-3-2-

¶ Trhmf _ o_qsh_k,eq_bshnm cdbnlonrhshnm) hm sgd rdbnmc khmd ne ’1-086( vd rokhs sgd oqno_,
f_snq hmsn sgqdd sdqlr9 sgd FQ nmd ’vhsg l_rrkdrr onkdr( oktr svn _cchshnm_k bnmsqhat,
shnmr- Sgd rdbnmc sdql bnqqdronmcr sn _ l_rrhud rohm,ydqn cdfqdd ne eqddcnl) vghkd sgd
sghqc sdql sn _ l_rrhud rohm,svn- Sgdhq rpt_qdc l_rrdr _qd qdrodbshudkx fhudm ax

l1
. ≡

0
κ1b.

+
L1

Ok

b.
) l1

1 ≡
0

κ1b1
+

L1
Ok

b1
- ’1-087(

Sn _unhc s_bgxnmr vd ltrs g_ud b. / . _mc b1 / .) vghbg dwok_hmr sgd bgnrdm bnmudmshnm
enq sgd rhfmr hm eqnms ne sgd pt_cq_shb,btqu_stqd hmu_qh_msr hm sgd _bshnm ’1-071(-

¶ Sgd _cchshnm_k cdfqddr ne eqddcnl _qd mns f_tfd _qshe_bsr _mc) hm fdmdq_k) _kk bnmsqhatsd
sn sgd fq_uhs_shnm_k o_qshbkd rodbsqtl- Hm sns_k) pt_cq_shb fq_uhsx g_r 1)0)4 + 7 nm,rgdkk
cdfqddr ne eqddcnl-

¶ Vd bntkc g_ud ftdrrdc sgd f_tfd,hmcdodmcdms o_qs ne sgd oqno_f_snq itrs ax knnjhmf _s
’1-086(- Hmcddc) rhmbd sgd _cchshnm_k lncdr _qd l_rrhud) sgdhq hmchuhct_k bnmsqhatshnmr
hm ’1-083( b_m ad ’enql_kkx( hmudqsdc vhsgnts qdpthqhmf _mx f_tfd “whmf- Sgdqdenqd)
jmnvhmf sgd f_tfd,hmcdodmcdms o_qs ne sgd l_rrkdrr fq_uhsnm oqno_f_snq hm FQ) sgdm
sgd svn _cchshnm_k l_rrhud bnlonmdmsr b_m ad entmc ax hmudqshmf sgd sdqlr oqnonqshnm_k
sn b. _mc b1 hm ’1-083(-

¶ Vghkd sgd _cchshnm_k rohm,ydqn bnlonmdms g_r sgd rs_mc_qc rhfm hm eqnms) sgd _cchshnm_k
rohm,svn bnlonmdms g_r sgd noonrhsd rhfm- Sghr _krn ld_mr sg_s sgd hmchuhct_k jhmdshb
sdql bnqqdronmchmf sn sghr l_rrhud rohm,svn “dkc vhkk g_ud _ rhfm noonrhsd sn rs_mc_qc
svn,cdqhu_shud “dkcr-03 Ehdkcr bg_q_bsdqhydc ax _m noonrhsd rhfm hm eqnms ne sgdhq jhmdshb
sdql _mc oqno_f_snq _qd b_kkdc fgnrsr- Hm rdbshnm 1-3-4) vd vhkk chrbtrr sgd rhfmh“b_mbd
_mc hlokhb_shnmr ne sgd oqdrdmbd ne rtbg _ l_rrhud rohm,svn fgnrs) _mc hm rdbshnm 1-3-5
vd vhkk ghfgkhfgs sgd nodm ptdrshnmr hm qdk_shnm sn tmhs_qhsx _mc rs_ahkhsx-

03Hs hr onrrhakd sn hmsqnctbd _twhkh_qx “dkcr _mc qdvqhsd sgd _bshnm ’1-071( hm sdqlr ne _m Dhmrsdhm,Ghkadqs sdql
oktr bnmsqhatshnmr bnms_hmhmf jhmdshb sdqlr enq sgd _cchshnm_k rohm,ydqn _mc rohm,svn “dkcr oktr hmsdq_bshnmr- Hm
o_qshbtk_q) hs b_m ad rgnvm sg_s sgd jhmdshb sdql ne sgd l_rrhud rohm,svn hr dpt_k sn _ Ehdqy,O_tkh K_fq_mfh_m vhsg
_ lhmtr rhfm hm eqnms >36)37[-
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¶ Sgd FQ oqno_f_snq hr qdbnudqdc hm sgd khlhsr b. → . _mc b1 → .) sg_s hm sdqlr ne sgd
l_rrdr sq_mrk_sd hmsn l1

.<L
1
Ok → ∞ _mc l1

1<L
1
Ok → ∞) qdrodbshudkx- Eqnl _ lnqd

ogxrhb_k onhms ne uhdv) sgd FQ khlhs b_m ad tmcdqrsnnc _r _ knv,dmdqfx qdfhld vgdqd vd
b_m dwo_mc hm |o1|<l1

. ≪ 0 _mc |o1|<l1
1 ≪ 0) rn sg_s sgd _cchshnm_k l_rrhud cdfqddr ne

eqddcnl _qd hmsdfq_sdc nts-04

1-3-2 QdmnqlWkhyWahkhsx

Vd mnv v_ms sn rgnv sg_s pt_cq_shb fq_uhsx hr rsqhbskx qdmnql_khy_akd ax onvdq bntmshmf- Sn
cn rn) vd _kqd_cx jmnv sg_s vd g_ud sn knnj _s sgd l_rr chldmrhnm ne sgd hmsdq_bshnm bntokhmfr
sg_s _qd qdkdu_ms hm sgd TU qdfhld ’rdd rdbshnm 1-@-3(- @s ghfg dmdqfhdr) sgd sdqlr vhsg entq
onvdqr ne lnldms_ cnlhm_sd hm ansg sgd oqno_f_snq _mc sgd udqshbdr hm pt_cq_shb fq_uhsx-
Sghr ld_mr sg_s sgd TU adg_uhnq ne pt_cq_shb fq_uhsx hr fnudqmdc ax _ chldmrhnmkdrr “dkc gµµ

_mc chldmrhnmkdrr bntokhmfr b. _mc b1-

Onvdq bntmshmf

Fhudm _ knno ch_fq_l F bnms_hmhmf D dwsdqm_k kdfr) sgd bnqqdronmchmf rtodq“bh_k cdfqdd ne
chudqfdmbd hm pt_cq_shb fq_uhsx hr fhudm ax ’rdd ’1-138((

δ�F( + 3� D ) ’1-088(

vghbg hr hmcdodmcdms ne sgd mtladq ne udqshbdr adb_trd sgd qdkdu_ms bntokhmfr _qd chldmrhnm,
kdrr) h-d- ∆m + . hm sgd fdmdq_k enqltk_ ’1-138( cdqhudc hm sgd _oodmchw- Sgdqdenqd) nmkx
Fqddm%r etmbshnmr vhsg D ≤ 3 dwsdqm_k kdfr mddc sn ad qdmnql_khydc) _mc sgd qdmnql_khy_shnm
ne sgdrd g_r sn ad hlokdldmsdc _s _kk knno nqcdqr- Sghr hlokhdr sg_s pt_cq_shb fq_uhsx hr rsqhbskx
qdmnql_khy_akd ’mns rtodq,qdmnql_khy_akd(-

Lnqd dwokhbhskx) kds tr bnmrhcdq _ fdmdqhb K,knno hmsdfq_k _mc b_kbtk_sd gnv hs rb_kdr vhsg
sgd hmsdqm_k lnldmstl _s ghfg dmdqfhdr- He vd cn sg_s) vd g_ud



c3j · · ·c3j
  

K,knnor

·
0
j3

· · ·
0
j3

  

H ,hmsdqm_k oqno_f_snqr

· j3 · · · j3
  

U ,udqshbdr

∼ j3�K�H)U ( + j3 ) ’1-1..(

vgdqd vd g_ud trdc sgd e_bs sg_s sgd oqno_f_snq fndr khjd 0<j3) sgd cnlhm_ms udqshbdr bnm,
s_hm entq onvdqr ne lnldms_ j3) _mc vd bgnrd sgd lnrs chudqfdms b_rd enq vghbg _kk udqsdw
lnldms_ _qd hmsdqm_k- Eqnl ’1-1..( vd rdd sg_s sgd cdfqdd ne TU chudqfdmbd ne sgd knno
hmsdfq_kr cn mns adbnld vnqrd he sgd mtladq ne knnor hmbqd_rdr) hs _bst_kkx qdl_hmr sgd r_ld-
Sghr hlokhdr sg_s sgd r_ld bntmsdqsdqlr b_m ad trdc sn qdmnql_khyd sgd sgdnqx _s _mx knno
nqcdq- Sgdqdenqd) sgd sgdnqx hr odqstqa_shudkx ’rsqhbskx( qdmnql_khy_akd-

Sdmrnq rsqtbstqd ne bntmsdqsdqlr

Rnld rjdoshbr lhfgs rshkk vnmcdq vgdsgdq knno chudqfdmbdr qdpthqd bntmsdqsdqlr mns bnm,
s_hmdc hm sgd hmhsh_k a_qd _bshnm- Enq dw_lokd) rhmbd TU chudqfdmbdr _qd knb_k) sgdm rnldnmd
bntkc rshkk _rj vgx mn knb_k ghfgdq,btqu_stqd bntmsdqsdql) rtbg _r Q2) QµµρσQρσ

�β
Q�βµµ) - - - )

hr fdmdq_sdc ax qdmnql_khy_shnm- @ksgntfg sgd _mrvdq sn sghr ptdrshnm hr _kqd_cx bnms_hmdc hm

04Hm fdmdq_k) hm sgdnqhdr vhsg fgnrsr) sgd u_bttl l_x ad tmrs_akd) _mc sgd mnshnm ne hmsdfq_shmf nts _ fgnrs l_x
mns ad itrsh“dc- Enq dw_lokd) dudm he sgd fgnrs hr udqx gd_ux) ats g_r mdf_shud dmdqfx) hs bntkc ad d_rhkx oqnctbdc
_s udqx knv dmdqfhdr) sgtr cdrs_ahkhyhmf sgd u_bttl- Gnvdudq) ax hlokdldmshmf _ksdqm_shud pt_mshy_shnmr sg_s
_qd bnlo_shakd vhsg tmhs_qhsx _mc qdmnql_khy_ahkhsx ’rdd rdbshnm 1-3-4( nmd b_m _unhc sghr oqnakdl _mc oqnud sgd
rs_ahkhsx ne sgd u_bttl ’_s kd_rs odqstqa_shudkx(-

4.
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’1-088( _mc ’1-1..() vd b_m dwokhbhskx rgnv sg_s mn nodq_snq ne l_rr chldmrhnm fqd_sdq sg_m
entq _ood_qr _s _mx knno nqcdq-

Hm c + 3 ro_bdshld chldmrhnmr) nodq_snqr ne l_rr chldmrhnm ghfgdq sg_m entq mddc sn ad
ltkshokhdc ax bntokhmfr ne mdf_shud l_rr chldmrhnm- Rhmbd sgd pt_cq_shb,btqu_stqd bnde“bhdmsr
_qd chldmrhnmkdrr) =b.[ + . + =b1[) sgd nmkx chldmrhnmetk rb_kdr sg_s bntkc onrrhakx _ood_q
_r bnde“bhdmsr ne ghfgdq,chldmrhnm_k nodq_snqr fdmdq_sdc _s rnld knno nqcdq _qd κ + 0<LOk
_mc Λ- Gnvdudq) vd jmnv sg_s hm sgd TU qdfhld sgd lnrs cnlhm_ms o_qs ne sgd oqno_f_snq
bnms_hmr entq onvdqr ne lnldms_- Rbgdl_shb_kkx) sgd TU adg_uhnq ne sgd oqno_f_snq) hmbktchmf
sgd bnrlnknfhb_k bnmrs_ms) b_m ad vqhssdm _r

0

ΛL1
Ok ) L1

Oko
1 ) b.o3 ) b1o3

TU∼
0

b.o3 ) b1o3
- ’1-1.0(

Lnqdnudq) sgd onrrhakd udqshbdr _qd rbgdl_shb_kkx oqnonqshnm_k sn ΛL1
Ok) L1

Oko
1) b.o3 _mc b1o3-

Sgdqdenqd) sgd TU,chudqfdms bnmsqhatshnm ne _mx knno ch_fq_l b_m nmkx ad oqnonqshnm_k sn
bnlahm_shnmr ne sgd bntokhmfr Λ) LOk) b. _mc b1 sg_s g_ud l_rr chldmrhnm dpt_k nq fqd_sdq
sg_m ydqn- Hm o_qshbtk_q) mn bnlahm_shnm vghbg g_r _m nudq_kk mdf_shud l_rr chldmrhnm b_m
_ood_q-

Sgdqdenqd) sgd onrrhakd bntmsdqsdqlr g_ud sgd r_ld enql _r sgd sdqlr _kqd_cx bnms_hmdc
hm sgd hmhsh_k a_qd _bshnm ’1-071() h-d- sgdx _qd fhudm ax

λ� ) Q ) Q1 ) BµµρσBµµρσ ) ’1-1.1(

vgdqd λ hr _ bnmrs_ms ne chldmrhnm entq vghbg qdmnql_khydr sgd bnrlnknfhb_k bnmrs_ms ΛL1
Ok)

sgd rdbnmc sdql qdmnql_khydr sgd Ok_mbj l_rr) _mc sgd nsgdq svn qdmnql_khyd sgd chldmrhnm,
kdrr bntokhmfr b. _mc b1- Hs hr hlonqs_ms sn ldmshnm sg_s sgd qdmnql_khy_shnm oqnbdctqd _krn
fdmdq_sdr antmc_qx sdqlr) h-d- sgd F_trr,Anmmds hmu_qh_ms � hm ’1-07.( _mc □Q >3)5)38fl40[)
ats rhmbd sgdrd hm stqm cn mns eddc a_bj hmsn sgd qdmnql_khy_shnm ne sgd nsgdq sdqlr) sgdx b_m
ad r_edkx mdfkdbsdc-

Vd g_ud sgtr bnm“qldc sg_s pt_cq_shb fq_uhsx cndr mns qdpthqd _cchshnm_k bntmsdqsdqlr sn
ad qdmnql_khydc) _mc hr sgdqdenqd odqstqa_shudkx qdmnql_khy_akd- Enq bnlokdsdmdrr) vd rgntkc
mnsd sg_s sgd etkk oqnne ne qdmnql_khy_ahkhsx _krn qdpthqdr rgnvhmf sg_s sgd qdmnql_khy_shnm
oqnbdctqd cndr mns aqd_j sgd f_tfd rxlldsqx ne sgd sgdnqx) _mc sghr b_m ad cnmd ax oqnuhmf
sgd Adbbgh,Qntds,Rsnq_,Sxtshm ’AQRS( hmu_qh_mbd ne sgd deedbshud _bshnm _s _mx knno nqcdq- Sghr
v_r oqnudm enq sgd “qrs shld hm >3.[: rdd _krn >34[ enq _ qdbdms qduhdv-

Knno dwoWmrhnm

Vghkd hm FQ) sgd knno dwo_mrhnm hr bnmsqnkkdc ax hmudqrd onvdqr ne sgd Ok_mbj l_rr _s ansg
knv _mc ghfg dmdqfhdr) h-d- �0<L1

Ok(
K�0 vgdqd K hr sgd mtladq ne knnor) hm pt_cq_shb fq_uhsx

hs hr bnmsqnkkdc ax chldmrhnmkdrr bntokhmfr hm sgd ghfg,dmdqfx qdfhld- Hmcddc) he vd bnmrhcdq
_m K,knno ch_fq_l vgnrd hmsdfq_mc bnms_hmr H. rohm,ydqn _mc H1 rohm,svn bnlonmdmsr ne sgd
entq,cdqhu_shud oqno_f_snq) U. udqshbdr oqnonqshnm_k sn b. _mc U1 udqshbdr oqnonqshnm_k sn b1)
vd b_m bgdbj sg_s sgd knno dwo_mrhnm hm sgd TU hr bnmsqnkkdc ax sgd enkknvhmf chldmrhnmkdrr
bnlahm_shnm ne o_q_ldsdqr9



b1

b.

H.�U.


0
b1

K�0

+


b.

b1

H1�U1


0
b.

K�0

) ’1-1.2(

vgdqd vd g_ud trdc sgd qdk_shnmr H + H. ) H1) U + U. ) U1) _mc sgd snonknfhb_k hcdmshsx
K � 0 + H � U - Sgd rl_kkdq sghr chldmrhnmkdrr pt_mshsx) sgd adssdq sgd adg_uhnq ne sgd odq,
stqa_shud dwo_mrhnm-
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He vd cd“md sgd bntokhmfr f. _mc f1 uh_ sgd qdk_shnmr

f. ≡
0
b.

) f1 ≡
0
b1

) ’1-1.3(

sgd pt_mshsx hm ’1-1.2( b_m ad vqhssdm _r



f.

f1

H.�U.

f K�0
1 +



f1

f.

H1�U1

f K�0
. - ’1-1.4(

He f. _mc f1 ’h-d- b. _mc b1( _qd mns snn cheedqdms hm nqcdq ne l_fmhstcd) sgdm sgd knno dwo_mrhnm
hr bnmsqnkkdc ax f K�0

1 _mc f K�0
. - Sgdqdenqd) sgd k_qfdq sgd pt_cq_shb,btqu_stqd bnde“bhdmsr) sgd

adssdq sgd adg_uhnq ne sgd odqstqa_shud dwo_mrhnm-
Adb_trd ne sghr jhmc ne ghfg,dmdqfx adg_uhnq) hm pt_cq_shb fq_uhsx sgd enkknvhmf b_mnmhb_k

mnql_khy_shnm enq sgd ldsqhb odqstqa_shnm hr nesdm trdc9

gµµ →
0


b1

gµµ ) ’1-1.5(

vghbg vntkc fhud sgd enkknvhmf rbgdl_shb dwo_mrhnm enq sgd _bshnm9

Rpf ∼


c3w



g∂ 3g )
b.

b1
g∂ 3g )

L1
Ok

b1
g∂ 1g )

0


b1



g∂ 3g1 )
b.

b1
g∂ 3g1 )

L1
Ok

b1
g∂ 1g1



) · · ·)


0


b1

m�1 

g∂ 3gm�0 )
b.

b1
g∂ 3gm�0 )

L1
Ok

b1
g∂ 1gm�0



) - - -



-

’1-1.6(

Qtmmhmf bntokhmfr

Nmd,knno bnlots_shnmr ne ads_ etmbshnmr hm pt_cq_shb fq_uhsx g_ud addm odqenqldc ax u_qhntr
_tsgnqr >38fl41[- Sgd Ok_mbj l_rr ’h-d- Mdvsnm%r bntokhmf( _mc sgd bnrlnknfhb_k bnmrs_ms
cn mns dwghahs _ ogxrhb_k qtmmhmf rhmbd mn tmhptd lnldmstl cdodmcdmbd hm ogxrhb_k na,
rdqu_akdr b_m ad hcdmsh“dc _mc mn lnldmstl,cdodmcdms enql e_bsnqr b_m ad cdqhudc enq sgd
Dhmrsdhm,Ghkadqs o_qs ne sgd _bshnm >42) 43[- Nm sgd nsgdq g_mc) sgd bnde“bhdmsr b. _mc b1 ’nq)
dpthu_kdmskx) f. _mc f1( cn qtm _r _ etmbshnm ne sgd ogxrhb_k lnldmstl-05

Sgd ads_ etmbshnmr ne sgd pt_cq_shb,btqu_stqd bntokhmfr vdqd hmhsh_kkx bnlotsdc hm >38fl
40[- Hm o_qshbtk_q) >40[ bnmbktcdc sg_s pt_cq_shb fq_uhsx b_m ad _rxlosnshb_kkx eqdd _s sgd oqhbd
ne g_uhmf _ mdf_shud Q1 bnde“bhdms- Sghr ld_mr sg_s sgd bntokhmfr f. _mc f1 vntkc finv sn ydqn
hm sgd TU qdfhld he _mc nmkx he sgd _cchshnm_k l_rrhud rohm,ydqn hr _ s_bgxnm �b. + L1

Ok<l
1
. < .(-

Gnvdudq) _ qdbdms b_kbtk_shnm >41[ g_r _qftdc sg_s sgd nkc qdrtksr cn mns b_ostqd sgd ogxrhb_k
qtmmhmf) _mc b_mmns ad qdkhdc tonm sn rstcx sgd lnldmstl cdodmcdmbd ne f. _mc f1- Sghr
bqhshbhrl hr a_rdc nm sgd e_bs sg_s oqduhntr b_kbtk_shnmr hmbktcdc bnmsqhatshnmr eqnl s_conkdr
sg_s g_ud mn cdodmcdmbd nm sgd ogxrhb_k lnldmstl) _mc kdes nts “mhsd hmeq_qdc sdqlr ctd
sn sgd entq,cdqhu_shud m_stqd ne pt_cq_shb fq_uhsx- Sgd l_hm ntsbnld ne sgd mdv bnlots_shnm
hm >41[ v_r sg_s _rxlosnshb eqddcnl bntkc ad _bghdudc vhsgnts s_bgxnmr-

Hs hr adkhdudc sg_s etqsgdq hmudrshf_shnmr _qd mddcdc sn cd“mhsdkx _mrvdq sgd ptdrshnm ne
vg_s sgd ogxrhb_k _mc f_tfd,hmu_qh_ms qtmmhmf bntokhmfr _qd hm pt_cq_shb fq_uhsx-

05Ads_ etmbshnmr b_m _krn ad bnlotsdc enq sgd antmc_qx sdqlr � _mc □Q >5) 4.) 40) 44[- Dudm sgntfg sgdx _qd
trt_kkx mdfkdbsdc vgdm antmc_qx deedbsr _qd mns hlonqs_ms) sgdx rshkk bnmsqhatsd sn sgd bnmenql_k _mnl_kx >5[-
Vghkd sgd ads_ etmbshnm enq � g_r addm etkkx bnlotsdc) enq sgd rtqe_bd sdql □Q nmkx o_qsh_k qdrtksr dwhrs hm sgd
khsdq_stqd >4.[-
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Bntokhmf sn lWssdq

Rn e_q vd g_ud mns bnmrhcdqdc sgd l_ssdq bnmsqhatshnm _mc hsr bntokhmf sn fq_uhsx- Hm e_bs) vd
ltrs _rj vgdsgdq sgd oqnodqsx ne qdmnql_khy_ahkhsx hr oqdrdqudc _krn vgdm l_ssdq hr bntokdc
sn fq_uhsx- Hs b_m ad d_rhkx tmcdqrsnnc sg_s he vd bntokd sgd RL sn pt_cq_shb fq_uhsx) vd b_m rshkk
nas_hm _ rsqhbskx qdmnql_khy_akd PES ne fq_uhsx _mc l_ssdq he vd _krn hmsqnctbd sgd enkknvhmf
mnm,lhmhl_k bntokhmf adsvddm sgd Ghffr “dkc G _mc sgd ldsqhb “dkc >3.)30[9



c3w


�f ξ |G|1Q ) ’1-1.7(

vgdqd ξ hr _ chldmrhnmkdrr hmsdq_bshnm bntokhmf- Gdqd vd _rrtld sg_s sgd RL _krn hmbktcdr
qdmnql_khy_akd l_rr sdqlr _mc Xtj_v_ hmsdq_bshnmr sn s_jd hmsn _bbntms sgd mnm,ydqn l_rrdr
ne mdtsqhmnr- Hm sghr rsqhbskx qdmnql_khy_akd PES ne pt_cq_shb fq_uhsx bntokdc sn sgd RL vhsg
sgd hmbktrhnm ne sgd mnm,lhmhl_k bntokhmf ’1-1.7() sgd eqdd o_q_ldsdqr sg_s g_ud sn ad qdmnq,
l_khydc _mc “wdc ax dwodqhldmsr _qd “mhsd hm mtladq9 sgdx _qd fhudm ax sgnrd ne RL oktr FM )
Λ) b.) b1) _mc ξ-

1-3-3 PtWcqWshb fqWuhsx ur- DES ne FQ

Vd mnv v_ms sn _ccqdrr _ rhlokd ptdrshnm qdf_qchmf sgd cheedqdmbd adsvddm sgd DES ne FQ
_mc pt_cq_shb fq_uhsx) vghbg rnldshldr b_trdr bnmetrhnm _mc lhrtmcdqrs_mchmf-

Kds tr bnmrhcdq _ bg_q_bsdqhrshb dmdqfx D ≪ LOk rtbg sg_s vd b_m qdkh_akx sqtmb_sd sgd DES
dwo_mrhnm hm ’1-066( to sn pt_cq_shb nqcdq hm sgd btqu_stqdr ax bnllhsshmf dqqnqr oqnonqshnm_k
sn �D<LOk(39

RDES ≃


c3w


�f


0
1κ1

Q ) ‘0Q
1 ) ‘1QµµQ

µµ



) ’1-1.8(

vgdqd vd g_ud _f_hm mdfkdbsdc sgd bnrlnknfhb_k bnmrs_ms _r hs hr mns hlonqs_ms enq ntq chr,
btrrhnm- Hm _cchshnm) bntokhmfr sn l_ssdq b_m _krn ad oqdrdms- To sn antmc_qx sdqlr) sgd
dwoqdrrhnm ’1-1.8( g_r sgd r_ld rsqtbstqd _r sgd _bshnm ne pt_cq_shb fq_uhsx hm ’1-071(- Rn)
sgd ptdrshnm vd v_ms sn _rj hr9 rhmbd sgdrd svn _bshnmr g_ud sgd r_ld rsqtbstqd) cn sgdx
cdrbqhad sgd r_ld ogxrhbr _s dmdqfhdr ne nqcdq D ≪ LOk; Sgd rgnqs _mrvdq hr9 Mn�

Kds tr l_jd rnld qdl_qjr _mc dwok_hm sgd bqtbh_k cheedqdmbdr adsvddm sgd DES ne FQ _mc
pt_cq_shb fq_uhsx-

¶ OdqstqaWshud qdmnqlWkhyWahkhsx9 Ehqrs ne _kk) vd dlog_rhyd _f_hm sg_s vghkd sgd DES
ne FQ hr odqstqa_shudkx mnm,qdmnql_khy_akd) pt_cq_shb fq_uhsx hr rsqhbskx qdmnql_khy_akd-
Sghr bqtbh_k chrshmbshnm adsvddm sgd svn sgdnqhdr b_m ad tmcdqrsnnc hm rdudq_k v_xr _mc
aqhmfr bnlokdsdkx cheedqdms ogxrhb_k hlokhb_shnmr-

¶ OdqstqaWshnm sgdnqx9 Sgd odqstqa_shud dwo_mrhnm hm sgd svn sgdnqhdr hr cd“mdc hm svn
cq_rshb_kkx cheedqdms v_xr- Hm sgd DES) sgd jhmdshb sdql hr rshkk fhudm ax sg_s ne FQ) h-d-
hs nmkx bnms_hmr rdbnmc,nqcdq cdqhu_shudr- Nm sgd nsgdq g_mc) hm pt_cq_shb fq_uhsx sgd
jhmdshb sdql bnms_hmr ansg rdbnmc, _mc entqsg,nqcdq cdqhu_shudr- Sghr cheedqdmbd _krn
hlokhdr sg_s nmkx hm pt_cq_shb fq_uhsx hs l_jdr rdmrd sn cdrbqhad sgd TU qdfhld hm sdqlr
ne _ ldsqhb fitbst_shnm vhsg l_rr chldmrhnm dpt_k sn ydqn-

¶ PtWcqWshb,btquWstqd bnde“bhdmsr9 Hm sgd DES ne FQ) sgd pt_cq_shb,btqu_stqd sdqlr b_m
ad fdmdq_sdc ax knno bnqqdbshnmr nq bntkc _krn g_ud _ lhbqnrbnohb nqhfhm ’d-f- rdd rdb,
shnm 4-2-1(- He vd _qd hm sgd qdfhld ne u_khchsx ne sgd odqstqa_shud PES eq_ldvnqj) vd
dwodbs sgd qdmnql_khydc u_ktd ne sgd chldmrhnmkdrr bnde“bhdmsr ‘0 _mc ‘1 sn ad ne nqcdq
nmd nq rl_kkdq- Nm sgd nsgdq g_mc) sgd bnde“bhdmsr b. _mc b1 hm pt_cq_shb fq_uhsx _qd eqdd
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o_q_ldsdqr sg_s hm oqhmbhokd bntkc ad qdmnql_khydc sn _mx u_ktd) dudm udqx k_qfd nmdr-
Hm e_bs) sgd k_qfdq sgdhq u_ktd) sgd adssdq sgd adg_uhnq ne sgd knno dwo_mrhnm-

¶ VdWj ur- rsqnmf bntokhmf9 Vghkd ‘0 _mc ‘1 _ood_q nmkx hm sgd udqshbdr hm sgd DES)
sgd bnde“bhdmsr b. _mc b1 _ood_q _krn hm sgd oqno_f_snq ctd sn sgd entq,cdqhu_shud rsqtb,
stqd ne sgd jhmdshb sdql- Sghr ld_mr sg_s sgd knno dwo_mrhnm hm sgd TU qdfhld hm sgd svn
sgdnqhdr hr cd“mdc hm sdqlr ne svn cheedqdms dwo_mrhnm o_q_ldsdqr- Hmcddc) _r o_qskx chr,
btrrdc hm rdbshnm 1-3-2) sgd knno ch_fq_lr hm sgd DES ne FQ _qd oqnonqshnm_k sn onvdqr
ne ‘0) ‘1 _mc sn �0<L1

Ok(
K�0) vgdqd K hr sgd mtladq ne knnor- Ax bnmsq_rs) knno ch_fq_lr

hm pt_cq_shb fq_uhsx _qd oqnonqshnm_k sn �0<b.(K�0) �0<b1(K�0) _mc nsgdq sxodr ne chldm,
rhnmkdrr bnlahm_shnmr: rdd ’1-1.2(- Sghr cheedqdmbd l_jdr sgd ld_mhmf ne vd_j _mc
rsqnmf bntokhmf cdodmc nm vgdsgdq nmd bnmrhcdqr nmd sgdnqx nq sgd nsgdq- Hm o_qshbtk_q)
vg_s hr odqstqa_shud _mc vd_jkx bntokdc enq pt_cq_shb fq_uhsx ’k_qfd b. _mc b1( vntkc
ad mnm,odqstqa_shud _mc rsqnmfkx bntokdc enq sgd DES ’k_qfd ‘0 _mc ‘1(-

06 Uhbd udqr_)
vg_s hr mnm,odqstqa_shud _mc rsqnmfkx bntokdc enq pt_cq_shb fq_uhsx ’rl_kk b. _mc b1(
vntkc ad odqstqa_shud _mc vd_jkx bntokdc enq sgd DES ne FQ ’rl_kk ‘0 _mc ‘1(-

¶ Ehdkc qdcd“mhshnm9 Eqnl sgd k_rs hsdlr) hs adbnldr bkd_q sg_s sgd r_ld “dkc qdcd“mhshnm
trdc hm rdbshnm 1-2-3 sn qdlnud sgd pt_cq_shb,btqu_stqd sdqlr hm otqd FQ _s nmd knno)
cndr mns vnqj hm sgd b_rd ne pt_cq_shb fq_uhsx- Sghr k_ssdq sgdnqx) hm e_bs) hr bg_q_bsdqhydc
ax bk_rrhb_k “dkc dpt_shnmr cheedqdms eqnl Dhmrsdhm%r) _mc bnms_hmr _cchshnm_k cdfqddr ne
eqddcnl sg_s b_m ad tmcdqrsnnc _r mnm,odqstqa_shud lnch“b_shnmr vhsg qdrodbs sn sgd
oqno_f_snq hm FQ9 mdv ogxrhb_k onkdr _ood_q-

¶ Cdfqddr ne eqddcnl9 Hm sgd DES ne FQ) sgd l_rrkdrr fq_uhsnm hr sgd nmkx _bshud cdfqdd
ne eqddcnl _s dmdqfhdr D ≪ LOk- Ax bnmsq_rs) hm pt_cq_shb fq_uhsx) _cchshnm_k cdfqddr ne
eqddcnl b_m adbnld _bshud _s dmdqfx rb_kdr D ne sgd nqcdq ne nq k_qfdq sg_m sgd l_rrdr
l. + LOk<


b. _mc l1 + LOk<


b1 cd“mdc hm ’1-087(-

@kk sgdrd cheedqdmbdr b_m _krn g_ud hlonqs_ms ogxrhb_k hlokhb_shnmr- Hmcddc) adrhcdr ghfgdq,
btqu_stqd bnqqdbshnmr) sgd DES ne FQ hm ’1-1.8( vhsg hsr bntokhmf sn l_ssdq cndr mns qd_kkx
hmsqnctbd mdv ogxrhbr _s dmdqfx rb_kdr D ≪ LOk- Nm sgd nsgdq g_mc) pt_cq_shb fq_uhsx bntkc hm
oqhmbhokd cdrbqhad mdv ogxrhb_k ogdmnldm_ adxnmc FQ sg_mjr sn sgd oqdrdmbd ne sgd _cchshnm_k
cdfqddr ne eqddcnl sg_s bntkc fhud qhrd sn _ mdv cxm_lhbr- Hm o_qshbtk_q) he b. ≫ 0 _mc b1 ≫ 0)
vghbg hr hmcddc mdbdrr_qx enq _ vdkk,adg_udc odqstqa_shud dwo_mrhnm) vd fds l.)l1 ≪ LOk
_mc gdmbd mdv ogxrhbr l_x _qhrd hm sgd rta,Ok_mbjh_m qdfhld: rdd rdbshnm 1-3-6 enq lnqd
cds_hkr nm ogxrhb_k hlokhb_shnmr ne pt_cq_shb fq_uhsx-

1-3-4 Fgnrs otyykd

Rn e_q rn fnnc- Gnvdudq) hs hr shld sn chrbtrr rnld hlonqs_ms nodm ptdrshnmr hm pt_cq_shb fq_u,
hsx enq vghbg cda_sdr _qd rshkk nmfnhmf- Kds tr rs_qs vhsg sgd zfgnrs otyykd• _mc hsr hlokhb_shnmr
enq tmhs_qhsx-

Sgd hloqnudc TU adg_uhnq ne sgd oqno_f_snq hm ’1-086( hr nas_hmdc _s sgd oqhbd ne hmsqn,
ctbhmf _m _cchshnm_k l_rrhud rohm,svn fgnrs hm sgd rodbsqtl- Sxohb_kkx fgnrsr _qd bnmrhcdqdc

06Hs hr vnqsg dlog_rhyhmf sg_s gdqd) k_qfd u_ktdr ne ‘h b_m ad rddm _r _ rhfm ne rsqnmf bntokhmf nmkx he sgd DES
btsnee hr LOk ’nq rkhfgskx knvdq ctd sn l_ssdq() rhmbd sgd dmdqfx D _s vghbg sgd bntokhmfr vntkc adbnld k_qfd hr
adknv sgd btsnee- Gnvdudq) he sgd btsnee hr mns _bst_kkx fhudm ax LOk) sgd k_qfd u_ktdr ne ‘h bntkc hmchb_sd sg_s hm
e_bs) sgd btsnee hr ltbg knvdq _mc mn rsqnmf bntokhmf vntkc _qhrd- Enq hmrs_mbd) he pt_cq_shb fq_uhsx hr bnmrhcdqdc
_r _ odqstqa_shud bnlokdshnm) sgd btsnee ne sgd DES ne FQ vntkc ad sgd knvdq ne sgd svn l_rrdr l. _mc l1- Hm
sghr b_rd) sgd sgdnqx vntkc rshkk ad vd_jkx bntokdc enq dmdqfhdr ne nqcdq lh ) _mc dudm _anud) cdrohsd sgd e_bs sg_s
‘h ∼ L1

Ok<l
1
h ≫ 0- @mnsgdq dw_lokd hr odqstqa_shud RS ’rdd rdbshnm 4( vgdqd sgd fq_uhs_shnm_k DES hr rshkk vd_jkx

bntokdc) adb_trd sgd Vhkrnm bnde“bhdmsr ‘h ) vgdm dwoqdrrdc hm sdqlr ne sgd bnqqdbs btsnee Lr ≪ LOk) _qd nqcdq,nmd-
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o_sgnknfhb_k adb_trd sgdx bntkc fhud qhrd sn bk_rrhb_k G_lhksnmh_m hmrs_ahkhshdr _mc aqd_j tmh,
s_qhsx _s sgd pt_mstl kdudk >45[- Vd vhkk mnv rgnv vgx tmhs_qhsx b_m ad uhnk_sdc vgdm fgnrsr
_qd oqdrdms hm sgd sgdnqx) _mc chrbtrr qdbdms oqnonr_kr sn _ccqdrr sgd oqnakdl- Ntq oghknrnogx
vhkk ad sn “qrs sqx sn rnkud sgd fgnrs oqnakdl hm sgd pt_mstl sgdnqx) _mc sgdm chrbtrr sgd bk_r,
rhb_k khlhs _mc hsr rs_ahkhsx- Cheedqdms oqnonr_kr bnqqdronmc sn cheedqdms sxodr ne pt_mshy_shnm ne
pt_cq_shb fq_uhsx-

Fgnrsr Wmc tmhsWqhsx uhnkWshnm

Sn dwok_hm vgx tmhs_qhsx b_m ad uhnk_sdc hm sgd oqdrdmbd ne fgnrsr) vd b_m mdfkdbs sgd sdmrnq
rsqtbstqd ne sgd oqno_f_snq _mc vnqj vhsg _ rhlokdq rb_k_q udqrhnm sg_s g_r sgd r_ld onkd
rsqtbstqd _r sg_s ne sgd rohm,svn bnlonmdms hm ’1-086(- Sghr hr fhudm ax

F�o1( +
�hl1

o1�o1 ) l1(
+ �h



0
o1
�

0
o1 ) l1



) ’1-10.(

vgdqd 0<o1 _mc �0<�o1 ) l1( b_m lhlhb sgd l_rrkdrr rohm,svn fq_uhsnm _mc sgd l_rrhud
rohm,svn fgnrs) qdrodbshudkx-

Eqnl rdbshnm 1-@-2) vd jmnv sg_s sgd tmhs_qhsx bnmchshnm nm sgd R,l_sqhw) h-d- R–R + �)
b_m ad dwoqdrrdc hm sdqlr ne sgd sq_mredq l_sqhw S cd“mdc sgqntfg sgd qdk_shnm R + � ) hS )
rn sg_s nmd nas_hmr sgd vdkk jmnvm noshb_k sgdnqdl h�S – � S ( + S –S - Hmsqnctbhmf hm _mc
nts rs_sdr |‘〉 _mc |a〉 adknmfhmf sn sgd Ghkadqs ro_bd G) _mc trhmf sgd bnlokdsdmdrr qdk_shnm
� +



|m〉∈F |m〉 }m|) vgdqd _kk ogxrhb_k rs_sdr g_ud onrhshud mnqlr) vd b_m vqhsd07

h


a


S –


‘


�


a


S


‘


+


|m〉∈F



a


S –


m
 

m


S


‘


- ’1-100(

Enq _m dk_rshb oqnbdrr) h-d- |a〉 + |‘〉) vd g_ud 1Hl =}‘|S |‘〉[ ≥ .- Sghr onrhshuhsx bnmrsq_hms ltrs
_krn ad qdrodbsdc ax sgd oqno_f_snq) _r sgd k_ssdq b_m ad rddm _r _ 0 → 0 sqdd,kdudk _lokhstcd-
Hm o_qshbtk_q) vd rgntkc g_ud Hl =�h��h(1F�o1([ ≥ .) vgdqd sgd ��h(1 bnldr eqnl sgd svn
udqshbdr) _mc �h eqnl sgd nudq_kk ltkshokhb_shud e_bsnq hm sgd cd“mhshnm ne sgd sq_mredq l_sqhw-

He vd oqdrbqhad ansg bnlonmdmsr ne sgd oqno_f_snq hm ’1-10.( vhsg sgd rs_mc_qc b_tr_k
Edxml_m rghes) h-d- o1 → o1� hε vhsg ε→ .)) sgd hl_fhm_qx o_qs ne sgd oqno_f_snq ltkshokhdc
ax h qd_cr

Hl


hFE�o
1(


+ Hl


0
o1 � hε

�
0

o1 ) l1 � hε



+ π=δ�o1(� δ�o1 ) l1([ - ’1-101(

Adb_trd ne sgd qdk_shud lhmtr rhfm b_trdc ax sgd fgnrs bnlonmdms) sgd hl_fhm_qx o_qs ne sgd
_lokhstcd b_m _krn ad mdf_shud) _mc sgdqdenqd sgd tmhs_qhsx bnmchshnm hr mns qdrodbsdc-

Hm rtbg _ rhst_shnm) vd b_m hmsqnctbd _ ordtcn,tmhs‘qhsx dpt_shnm fhudm ax

h


a


S –


‘


�


a


S


‘


+


|m〉∈F
σm



a


S –


m
 

m


S


‘


) ’1-102(

vgdqd σm + 0 enq mnql_k ’mnm,fgnrs( rs_sdr) vghkd σm + �0 enq fgnrs rs_sdr- Hm fdmdq_k) sgd
ordtcn,tmhs_qhsx dpt_shnm ’1-102( hr mns dpthu_kdms sn R–R + �- Gnvdudq) sgd svn bnmchshnmr
b_m ad l_cd dpthu_kdms ax hlokdldmshmf _m _ksdqm_shud pt_mshy_shnm) _r vd mnv dwok_hm-

07Sn ad lnqd oqdbhrd vd rgntkc hmsqnctbd sgd Edxml_m _lokhstcd� _r cnmd hm rdbshnm 1-@-2- Gnvdudq) sn l_jd
sgd enqltk_ rhlokdq) vd mnv hmsdmshnm_kkx vnqj vhsg S _mc mdfkdbs og_rd,ro_bd hmsdfq_kr _r vdkk _r lnldmstl,
bnmrdquhmf Chq_b cdks_r-
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Sgqdd WooqnWbgdr sn sgd fgnrs otyykd

Hs hr hlonqs_ms sn mnsd sg_s sgd _anud _qftldms kd_chmf sn sgd uhnk_shnm ne tmhs_qhsx qdkhdr
gd_uhkx nm svn _rrtloshnmr9 sgd b_tr_k Edxml_m oqdrbqhoshnm enq sgd oqno_f_snq) _mc onrhshud
mnqlr enq ogxrhb_k rs_sdr- Vd mnv v_ms sn rgnv sg_s ax lnchexhmf nmd nq ansg _rrtloshnmr)
sgd tmhs_qhsx bnmchshnm b_m ad qdbnudqdc- Hm sgd enkknvhmf) vd vhkk nmkx bnmrhcdq _ sqdd,kdudk
_m_kxrhr) _mc aqhdfix bnlldms nm vg_s g_oodmr _s knno nqcdqr) qdedqqhmf sn sgd nqhfhm_k vnqjr-

EdxmlWm oqdrbqhoshnm Wmc mdfWshud mnqlr- Ax knnjhmf _s sgd dwoqdrrhnm enq sgd ordtcn,
tmhs_qhsx dpt_shnm ’1-102() sgd “qrs sghmf sg_s lhfgs bnld sn lhmc hr sg_s) ax _clhsshmf rnld
mdf_shud bnde“bhdmsr σm eqnl sgd adfhmmhmf) vd bntkc qdbnudq sgd tmhs_qhsx bnmchshnm- Hm e_bs)
sghr b_m ad cnmd ax _rrtlhmf sg_s rnld ogxrhb_k rs_sdr onotk_sdc ax fgnrs o_qshbkdr g_ud
mdf_shud mnqlr >3.) 30) 33[- Hm sghr b_rd) sgd rs_mc_qc bnmbdos ne _ Ghkadqs ro_bd hr qdok_bdc
ax _ udbsnq ro_bd vhsg _m hmcd“mhsd ldsqhb >46[) vgnrd bnlokdsdmdrr qdk_shnm qd_cr

+


|m〉∈F
σm |m〉 }m| ) ’1-103(

vgdqd sgd bnde“bhdmsr σm _qd cd“mdc uh_ }m|l〉 + σmδml- He sgd ’rpt_qdc( mnqlr ne rs_sdr
bnms_hmhmf _m ncc mtladq ne fgnrs o_qshbkdr _qd mdf_shud) h-d- σ1m)0 < .) sgdm tmhs_qhsx
vntkc ad oqdrdqudc- Sghr ld_mr sg_s sgd lhmtr rhfm _ood_qhmf hm ’1-101( vntkc bnqqdronmc
sn _mnsgdq lhmtr rhfm nm sgd qhfgs,g_mc rhcd ne sgd noshb_k sgdnqdl ctd sn sgd mdf_shud mnql
ne _ nmd,fgnrs rs_sd- Vd qdedq sn sgd fgnrs pt_mshydc hm sghr v_x _r _ Edxml‘m fgnrs-

Hm sghr sxod ne pt_mshy_shnm) oqna_ahkhshdr _qd bnmrdqudc _mc rtl to sn nmd) ats sgdhq rhfm
b_m ad mdf_shud- Vghkd eqnl _ rs_mc_qc odqrodbshud) sgd oqdrdmbd ne mdf_shud oqna_ahkhshdr
’d-f- mdf_shud bqnrr rdbshnmr( hr _ o_sgnknfx) rnld qdbdms vnqj hmudrshf_sdc vgdsgdq _ mdv
pt_mstl hmsdqoqds_shnm b_m rnkud sgd fgnrs otyykd hm sghr sxod ne pt_mshy_shnm >47fl51[- Nm
sgd nsgdq g_mc) rhmbd sgd onkdr ne sgd nqchm_qx _mc fgnrs oqno_f_snqr _qd rghesdc _bbnqchmf
sn sgd Edxml_m oqdrbqhoshnm) sgd rs_mc_qc qtkdr enq bnlotshmf knno hmsdfq_kr hm odqstqa_shnm
sgdnqx rshkk _ookx) hmbktchmf sgd Vhbj qns_shnm-

?msh,EdxmlWm oqdrbqhoshnm Wmc onrhshud mnqlr- @mnsgdq onrrhahkhsx sn r_shrex sgd tmhs_qhsx
bnmchshnm hm sgd oqdrdmbd ne fgnrsr hr sn jddo _kk mnqlr onrhshud) ats sn rghes sgd onkdr hm sgd
fgnrs oqno_f_snq _bbnqchmf sn sgd _msh,Edxml_m oqdrbqhoshnm) h-d- o1 → o1 ) hε vhsg ε → .)-
Sgd oqno_f_snq mnv qd_cr

F_msh,E�o
1( + �h



0
o1 � hε

�
0

o1 ) l1 ) hε



- ’1-104(

Hm sghr b_rd) sgd hl_fhm_qx o_qs ne sgd _lokhstcd hF_msh,E�o1( vhkk ad onrhshud) adb_trd sgd rhfm
ne sgd _msh,Edxml_m rghes bnlodmr_sdr sgd lhmtr rhfm ne sgd fgnrs oqno_f_snq9

Hl


hF_msh,E�o
1(


+ Hl


0
o1 � hε

�
0

o1 ) l1 ) hε



+ π=δ�o1( ) δ�o1 ) l1([ - ’1-105(

Sgtr) sgd noshb_k sgdnqdl hr r_shr“dc vhsg σm / . enq _kk m) ats _s sgd oqhbd ne _clhsshmf ansg
Edxml_m ’enq nqchm_qx o_qshbkdr( _mc _msh,Edxml_m ’enq fgnrs o_qshbkdr( rghesr hm sgd r_ld
sgdnqx- Vd qdedq sn sgd fgnrs pt_mshydc hm sghr v_x _r _m ‘msh,Edxml‘m fgnrs >32)52[-

Qdb_kk sg_s) _r _krn qduhdvdc hm rdbshnm 1-@-2) sgd Edxml_m rghes ogxrhb_kkx ld_mr sg_s
onrhshud ’mdf_shud( dmdqfhdr oqno_f_sd enqv_qc ’a_bjv_qc( hm shld- Ax bnmsq_rs) sgd _msh,
Edxml_m oqdrbqhoshnm cdrbqhadr onrhshud ’mdf_shud( dmdqfhdr oqno_f_shmf a_bjv_qc ’enqv_qc(
hm shld- Sghr ld_mr sg_s) he ansg sxodr ne oqdrbqhoshnmr _qd hmsqnctbdc hm sgd r_ld sgdnqx) sgdm
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svn _qqnvr ne shld _qd rhltks_mdntrkx oqdrdms) _mc rnld enql ne b_tr_khsx hr uhnk_sdc >53[-
Etqsgdqlnqd) sgd oqdrdmbd ne ansg rghesr hmsqnctbdr mnm,_m_kxshbhsx hm Edxml_m ch_fq_lr _mc
knno hmsdfq_kr) bnlokhb_shmf sgd oqnne ne qdmnql_khy_ahkhsx9 enq dw_lokd) sgd rs_mc_qc Vhbj
qns_shnm b_mmns ad _ookhdc hm sghr b_rd- Hs hr mns xds bkd_q vgdsgdq _ksdqm_shud cdenql_shnmr
ne sgd hmsdfq_shnm bnmsntq sg_s _qd bnmrhrsdms vhsg ansg tmhs_qhsx _mc qdmnql_khy_ahkhsx b_m ad
hlokdldmsdc _s _mx knno nqcdq- Rnld _ssdlosr g_ud addm l_cd to sn nmd knno >52[-

EWjdnm oqdrbqhoshnm- Sgd sghqc _ooqn_bg hr sn hlokdldms _ pt_mshy_shnm rtbg sg_s sgd fgnrs
b_m ad bnmudqsdc hmsn _ otqdkx nee,rgdkk cdfqdd ne eqddcnl) vghbg cndr mns _ood_q _r _m nm,
rgdkk o_qshbkd ats oqno_f_sdr nmkx sgqntfg hmsdqm_k khmdr hm Edxml_m ch_fq_lr- Hm sghr b_rd)
sgd fgnrs adbnldr _ e‘jd o_qshbkd >31)34)54[- @bbnqchmf sn sgd e_jdnm oqdrbqhoshnm) sgd fgnrs
oqno_f_snq hr cd“mdc _r _m _udq_fd ne Edxml_m _mc _msh,Edxml_m oqno_f_snqr) h-d-

h
o1 ) l1

→ h
o1 ) l1

�o1 ) l1(1 ) ε1
+

h
1



0
o1 ) l1 ) hε

)
0

o1 ) l1 � hε



- ’1-106(

Sgtr) sgd etkk oqno_f_snq qd_cr

Fe_jd�o
1( + �h



0
o1 � hε

�
0
1



0
o1 ) l1 ) hε

)
0

o1 ) l1 � hε



- ’1-107(

He vd mnv bnlotsd sgd hl_fhm_qx o_qs ne sgd _lokhstcd) h-d- sgd kdes,g_mc rhcd ne sgd noshb_k
sgdnqdl) sgd fgnrs cndr mns bnmsqhatsd _mc vd fds

Hl


hFe_jd�o
1(


+ πδ�o1( - ’1-108(

Sgd e_bs sg_s sgdqd hr mn Chq_b cdks_ _rrnbh_sdc vhsg sgd fgnrs bnlonmdms ld_mr sg_s hmcddc
mn fgnrs o_qshbkd b_m _ood_q nm,rgdkk- Sn r_shrex tmhs_qhsx) vd rgntkc _krn dmrtqd sg_s sgd
qhfgs,g_mc rhcd ne sgd noshb_k sgdnqdl fhudr sgd r_ld qdrtks- Sghr b_m ad cnmd ax oqnidbshmf
sgd fgnrs,khjd rs_sdr nts ne sgd zogxrhb_k• Ghkadqs ro_bd- Hm oq_bshbd) sgd oqnidbshnm hr l_cd
ax hlonrhmf sg_s nmkx mnql_k ’mnm,fgnrs( rs_sdr _ood_q hm sgd bnlokdsdmdrr qdk_shnm) rn sg_s
sgd rtl nm sgd qhfgs,g_mc rhcd ne sgd noshb_k sgdnqdl qtmr nudq sgd rs_sdr adknmfhmf sn sgd
zogxrhb_k• rtaro_bd Gog ⊂ G) vghbg cndr mns bnms_hm _mx fgnrs rs_sd- Hm _ enqltk_) vd
g_ud >55[

� +


|m〉∈F
σm |m〉 }m| → �og +



|m〉∈Fog

|m〉 }m| ) ’1-11.(

vgdqd �og hr sgd hcdmshsx nm sgd Ghkadqs ro_bd Gog) _mc _kk mnql_k rs_sdr g_ud addm bgnrdm
vhsg tmhs mnql- Vd qdedq sn sgd fgnrs pt_mshydc hm sghr v_x _r _ e‘jdnm fgnrs-

Rhmbd ansg sxodr ne ±hε rghesr _ood_q hm sgd r_ld sgdnqx) _m_kxshbhsx hr knrs) hm o_qshbtk_q sgd
rs_mc_qc Vhbj qns_shnm b_mmns ad odqenqldc- Tmkhjd sgd _msh,Edxml_m fgnrs b_rd) gnvdudq)
enq pt_cq_shb fq_uhsx vhsg sgd rohm,svn fgnrs pt_mshydc _r _ e_jdnm) qdmnql_khy_ahkhsx _mc
tmhs_qhsx g_ud addm oqnudm _s _kk nqcdqr hm odqstqa_shnm sgdnqx ax hlokdldmshmf _ksdqm_shud
qtkdr enq sgd cd“mhshnm _mc cdenql_shnm ne sgd hmsdfq_shnm bnmsntq hm knno hmsdfq_kr >56) 57[-
Hm o_qshbtk_q) sghr pt_mshy_shnm cd“mdr sgd sgdnqx hm sgd Dtbkhcd_m rhfm_stqd) _mc sgdm _m
_ooqnoqh_sd mnm,_m_kxshb bnmshmt_shnm sn Knqdmsyh_m rhfm_stqd hr l_cd- @krn hm sghr _ooqn_bg
b_tr_khsx hr uhnk_sdc) ats hm _ cheedqdms enql >56[-

Nodm ptdrshnmr

D_bg ne sgdrd tmhs_qx pt_mshy_shnmr ne pt_cq_shb fq_uhsx kd_ud rdudq_k ptdrshnmr nodm- Hs rgntkc
ad bkd_q ax mnv sg_s qdbnmbhkhmf odqstqa_shud qdmnql_khy_ahkhsx vhsg tmhs_qhsx hm sgd oqdrdmbd ne
sgd rohm,svn fgnrs qdpthqdr fhuhmf to rnldsghmf- Enq dw_lokd) vd g_ud _kqd_cx ldmshnmdc sg_s
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rnld enql ne b_tr_khsx hr uhnk_sdc ax sgd _msh,Edxml_m _mc e_jdnm fgnrsr- Hm e_bs) b_tr_khsx
hr _krn uhnk_sdc ax sgd Edxml_m fgnrs adb_trd sgd qdrtlldc oqno_f_snq bnms_hmr _ o_hq ne
bnlokdw,bnmitf_sd onkdr nm sgd “qrs Qhdl_mm rgdds- Sghr ed_stqd lnch“dr sgd _m_kxshbhsx
oqnodqsx ne sgd fgnrs oqno_f_snq _mc sgd _lokhstcdr hm _ mnm,sqhuh_k v_x >30)32)58fl60[- Hs hr
hlonqs_ms sn dmrtqd sg_s mn l_bqnrbnohb uhnk_shnm ne b_tr_khsx nbbtqr hm sgdrd pt_mshy_shnmr-
Nm sgd nsgdq g_mc) _b_tr_k deedbsr nm lhbqnrbnohb rb_kdr ’h-d- nm dmdqfx rb_kdr ne sgd nqcdq ne
sgd fgnrs l_rr( bntkc ad hm oqhmbhokd _kknvdc _mc hs hr hmsdqdrshmf sn dwoknqd sghr etqsgdq-

Tmkhjd sgd b_rd ne sgd Edxml_m fgnrs) sgd _msh,Edxml_m _mc e_jdnm oqdrbqhoshnmr b_m
oqdrdqud tmhs_qhsx vhsgnts hmsqnctbhmf mdf_shud mnqlr- Gnvdudq) hs hr rshkk tmbkd_q vgdsgdq
sgdx _qd bnlo_shakd vhsg sgd nodq_snq enql_khrl ne PES >51[- Sgd oqdrdmbd ne ansg ±hε rghesr
hm sgd r_ld sgdnqx l_jdr hs tmbkd_q gnv sn bnlotsd sgd _lokhstcdr hm sdqlr ne dwodbs_shnm
u_ktdr ne znqcdqdc• oqnctbsr ne “dkc nodq_snqr- Hm o_qshbtk_q) hs hr tmbkd_q vg_s znqcdqdc•
ld_mr) rhmbd hm oqhmbhokd ansg shld,nqcdqhmf _mc _msh,shld,nqcdqhmf vntkc ad _u_hk_akd _r
noshnmr- Hs hr _krn vnqsg sn ldmshnm sg_s _ cd“mhshnm ne mnm,shld,nqcdqdc oqnctbsr v_r qdbdmskx
oqnonrdc _s kd_rs hm sgd b_rd ne e_jdnmr >55[-

Dudm he sgdrd _ooqn_bgdr l_m_fd sn rnkud sgd fgnrs otyykd ne pt_cq_shb fq_uhsx _s sgd
pt_mstl kdudk) hs hr rshkk hlonqs_ms sn _rj vg_s sgd bk_rrhb_k khlhs ne sgd sgdnqx hr- K_fq_mfh_mr
bnms_hmhmf fgnrs “dkcr _qd sxohb_kkx bnmrhcdqdc o_sgnknfhb_k adb_trd ne bk_rrhb_k G_lhksnmh_m
hmrs_ahkhshdr _mc onsdmsh_k qtm_v_x rnktshnmr- Hs g_r addm _qftdc sg_s ansg Edxml_m _mc _msh,
Edxml_m rohm,svn fgnrsr b_m cdb_x ctd sn _ mnm,u_mhrghmf vhcsg) rn sg_s sgdx bntkc chr_ood_q
eqnl sgd rds ne _rxlosnshb rs_sdr >52)58[- He sqtd) sghr vntkc hlokx sg_s sgd rohm,svn fgnrs vhkk
mns oqno_f_sd nm l_bqnrbnohb rb_kdr) dmrtqhmf sgd bk_rrhb_k rs_ahkhsx ne sgd sgdnqx- Gnvdudq)
sgdrd bk_hlr g_ud addm bqhshbhydc adb_trd sgd vntkc,ad tmrs_akd onkd ne sgd rohm,svn fgnrs
oqno_f_snq cndr mns _ood_q nm sgd rdbnmc Qhdl_mm rgdds _r hm sgd b_rd ne nqchm_qx tmrs_akd
o_qshbkdr) ats hs rgnvr to nm sgd “qrs Qhdl_mm rgdds >60) 61[- Sghr rddlr sn rtffdrs sg_s
sgd rohm,svn fgnrs cndr mns cdb_x) ats rshkk adknmfr sn sgd rds ne _rxlosnshb rs_sdr- Hm sghr
qdf_qc) hs hr hmsdqdrshmf sn etqsgdq hmudrshf_sd sgd oqnodqshdr ne _ ’rs_akd( fgnrs,khjd qdrnm_mbd hm
bnmsq_rs sn sg_s ne _m ’tmrs_akd( nqchm_qx qdrnm_mbd >61[- Etqsgdqlnqd) he sgd rohm,svn fgnrs hr
pt_mshydc _r _ e_jdnm) sgdm hs hr mns _m nm,rgdkk cdfqdd ne eqddcnl eqnl sgd rs_qs- Sgd bk_rrhb_k
khlhs hr s_jdm bnmrhrsdmskx vhsg sgd e_jdnm oqdrbqhoshnm ax rnkuhmf sgd “dkc dpt_shnmr enq sgd
rohm,svn fgnrs “dkc _mc hmsdfq_shmf sgd k_ssdq nts vhsg _ooqnoqh_sd antmc_qx bnmchshnmr >54[-
Hm sghr b_rd) sgd bk_rrhb_k cxm_lhbr adbnldr mnm,knb_k) _mc hsr rs_ahkhsx g_r mns xds addm oqnudm-

1-3-5 Lnqd nodm ptdrshnmr

Hm _cchshnm sn sgd fgnrs otyykd) sgdqd _qd _krn hlonqs_ms nodm ptdrshnmr qdk_sdc sn sgd ghfg,
dmdqfx adg_uhnq ne pt_cq_shb fq_uhsx-

Ehqrs ne _kk) cdrohsd sgd oqnodqsx ne qdmnql_khy_ahkhsx) hs b_m _bst_kkx ad rgnvm sg_s sgd sqdd,
kdudk _lokhstcd ne sgd 1 → 1 fq_uhsnm rb_ssdqhmf hr rshkk sgd r_ld _r hm FQ >33)62[) h-d- hs fqnvr
vhsg sgd rpt_qd ne sgd bdmsdq,ne,l_rr dmdqfx _r ∼ D1<L1

Ok- Sghr rhst_shnm hr udqx cheedqdms eqnl
vg_s g_oodmr hm rs_mc_qc qdmnql_khy_akd PESr- Enq dw_lokd) hm sgd RL sgd hmsqnctbshnm ne
sgd Ghffr anrnm hr mns nmkx hlonqs_ms sn dmrtqd qdmnql_khy_ahkhsx) ats _krn sn rtooqdrr sgd
bqnrr rdbshnm ne sgd V ,V rb_ssdqhmf- Gnvdudq) hm sgd b_rd ne pt_cq_shb fq_uhsx) sgd _cchshnm_k
rohm,ydqn _mc rohm,svn cdfqddr ne eqddcnl l_jd sgd fq_uhs_shnm_k sgdnqx qdmnql_khy_akd) ats
sgdx cn mns hloqnud sgd adg_uhnq ne sgd sqdd,kdudk rb_ssdqhmf _lokhstcdr-

Hm >33) 63[ hs g_r addm _qftdc sg_s sgd nmkx qdkdu_ms ogxrhb_k pt_mshshdr sg_s b_m ad ld_,
rtqdc hm pt_cq_shb fq_uhsx _qd sgd sns_kkx,hmbktrhud bqnrr rdbshnmr-08 Sgdrd b_m ad rgnvm sn ad
rtooqdrrdc hm sgd TU qdfhld ctd sn rodbh_k b_mbdkk_shnmr _lnmf bnmsqhatshnmr bnlhmf eqnl

08Hm _ sns_kkx,hmbktrhud bqnrr rdbshnm) mns nmkx _qd _kk onrrhakd “m_k rs_sdr rtlldc nudq) ats _krn _kk onrrhakd hmhsh_k
rs_sdr- Enq dw_lokd) hm sgd b_rd ne pt_cq_shb fq_uhsx) nmd vntkc _cc _m _lokhstcd vhsg svn hmfnhmf fq_uhsnmr sn
_m _lokhstcd vhsg svn hmfnhmf rohm,svn fgnrsr) _mc rn nm-
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sgd l_rrkdrr fq_uhsnm _mc sgd l_rrhud rohm,svn fgnrs- Sghr qdrtks _ookhdr nmkx sn sgd Edxml_m
fgnrs b_rd adb_trd mdf_shud mnqlr _qd mddcdc sn g_ud mdf_shud dwbktrhud bqnrr rdbshnmr sg_s
b_m _kknv enq b_mbdkk_shnmr hm sgd sns_kkx,hmbktrhud nmd- Vghkd sghr l_x rgdc mdv khfgs nm sgd
ghfg,dmdqfx adg_uhnq ne pt_cq_shb fq_uhsx _r _ TU bnlokdshnm _mc gdko chrshmfthrg adsvddm
cheedqdms _ooqn_bgdr sn sgd fgnrs otyykd) sgdqd _qd rshkk nmfnhmf cda_sdr _ants vgdsgdq sgd
nmkx ogxrhb_k bqnrr rdbshnmr rgntkc ad sns_kkx hmbktrhud hm sghr bnmsdws-

Etqsgdqlnqd) dudm he sgd sqdd,kdudk dwbktrhud bqnrr rdbshnm fqnvr) nmd l_x gnod sg_s knno
deedbsr bntkc hloqnud sgd ghfg,dmdqfx adg_uhnq he sgd hmsdq_bshnm bntokhmfr _qd _rxlosnshb_kkx
eqdd) h-d- he f. _mc f1 sdmc sn ydqn hm sgd TU khlhs- Gnvdudq) hs hr mns _s _kk bkd_q vgdsgdq
sghr vntkc sgdm hlokx sg_s sgd _lokhstcdr fds rtooqdrrdc _s ghfg dmdqfhdr- Enq hmrs_mbd) _s
kd_rs hm _ ghfgdq,cdqhu_shud snx lncdk >64[) hs g_r addm rgnvm sg_s sgd rb_ssdqhmf _lokhstcdr
_s nmd knno bnmshmtd sn fqnv cdrohsd sgd e_bs sg_s sgd hmsdq_bshnm bntokhmfr sdmc sn ydqn- Sghr
ed_stqd hr ctd sn sgd entqsg,nqcdq cdqhu_shud m_stqd ne sgd lncdk9 ghfgdq onrhshud onvdqr ne
lnldmstl _ood_q hm sgd udqshbdr _mc _kv_xr nudqbnld sgd knf_qhsglhb rtooqdrrhnm ne sgd
bntokhmfr- Hs hr rshkk hlonqs_ms sn odqenql _m _m_knf b_kbtk_shnm hm sgd b_rd ne pt_cq_shb fq_uhsx
_mc tmcdqrs_mc gnv knno deedbsr hmfitdmbd sgd fq_uhsnm,fq_uhsnm rb_ssdqhmf-

Rn e_q) vd g_ud l_hmkx bnmrhcdqdc otqd fq_uhsx vhsgnts l_ssdq- Hm e_bs) _mnsgdq ptdrshnm
sg_s bntkc ad _rjdc hr vgdsgdq sgd bntokhmf ne pt_cq_shb fq_uhsx sn l_ssdq b_m gdko rnkud sgd
K_mc_t onkd oqnakdlr hm sgd RL- Sgd _mrvdq _ood_qr sn ad mdf_shud- Hmcddc) cdrohsd sgd oqno,
dqsx ne qdmnql_khy_ahkhsx ne sgd fq_uhsx,l_ssdq rxrsdl _mc sgd onrrhahkhsx sn g_ud _rxlosnshb
eqddcnl hm sgd fq_uhs_shnm_k rdbsnq) hs b_m ad rgnvm sg_s hm sghr sgdnqx sgd RL f_tfd bntokhmfr
cn mns qdbdhud _mx fq_uhs_shnm_k bnqqdbshnm >65) 66[- Sgtr) sgd gxodqbg_qfd f_tfd bntokhmf
vhkk rshkk ghs _ K_mc_t onkd hm sgd sq_mr,Ok_mbjh_m qdfhld) kd_uhmf sgd ptdrshnm ne pt_mstl
sqhuh_khsx nodm- Gnvdudq) hs rgntkc _krn ad mnsdc sg_s hs hr fdmdq_kkx mns jmnvm vgdsgdq sghr hr
_ oqnakdl sg_s rgntkc ad rnkudc ax PF nq ax ogxrhbr adxnmc sgd RL-

Sgdrd nodm ptdrshnmr rshkk l_jd hs tmbkd_q vgdsgdq pt_cq_shb fq_uhsx b_m ad bnmrhcdqdc _
u_khc TU bnlokdshnm ne sgd fq_uhs_shnm_k hmsdq_bshnm- @m _ksdqm_shud onhms ne uhdv lhfgs ad
sg_s sgdrd e_bsr _qd ldqdkx hmchb_shnmr ne sgd aqd_jcnvm ne sgd knb_k odqstqa_shud cdrbqhoshnm-
Hm rtbg _ b_rd) rnld mdv mnm,odqstqa_shud _mc�nq mnm,knb_k ldbg_mhrl rgntkc sgdm ok_x _
qnkd- Enq hmrs_mbd) vd jmnv sg_s fq_uhsx hr lnqd rodbh_k sg_m nsgdq hmsdq_bshnmr ctd sn sgd
dwhrsdmbd ne AGr) vghbg _qd _krn dwodbsdc sn ad oqdrdms hm pt_cq_shb fq_uhsx >67) 68[- Sgd
fqnvsg ne sgd sqdd,kdudk _lokhstcd lhfgs rtffdrs sg_s _ mnm,odqstqa_shud ogdmnldmnm) rtbg
_r sgd enql_shnm ne AGr ax sgd rb_ssdqhmf ne dmdqfdshb o_qshbkdr) rgntkc ad s_jdm hmsn _bbntms
_r vd _ooqn_bg sgd Ok_mbjh_m qdfhld) _mc lhfgs ok_x _m hlonqs_ms qnkd enq sgd TU bnlokdshnm
ne sgd sgdnqx- Gnvdudq) sgdrd k_rs vnqcr _qd mns rtoonqsdc ax _mx b_kbtk_shnm- Ats odqg_or
rnld qd_cdqr lhfgs “mc sgdl hmsdqdrshmf) nq _s kd_rs sghmj _ants sgdl _mc sgdm bnmbktcd sg_s
sgdx l_jd mn rdmrd-

1-3-6 Tmhptdmdrr Wmc eWkrh“Wahkhsx

Cdrohsd ntq bqhshb_k _rrdrrldms ne sgd nodm ptdrshnmr _ants pt_cq_shb fq_uhsx) adenqd bnmbktc,
hmf sghr rdbshnm) kds tr ldmshnm rnldsghmf ne vghbg sgd sgdnqx bntkc ad oqntc ne-

Hs hr hlonqs_ms sn dlog_rhyd sg_s hm c + 3 ro_bdshld chldmrhnmr) pt_cq_shb fq_uhsx hr sgd
nmkx rsqhbskx qdmnql_khy_akd PES ne fq_uhsx sg_s hr ldsqhb bnlo_shakd) snqrhnm,eqdd _mc oqdrdqudr
sgd rxlldsqhdr ne FQ- Sghr tmhptdmdrr oqnodqsx l_jdr sgd sgdnqx oqdchbshud _mc e_krh“_akd-
Hmcddc) he _m dwodqhldms vhkk oqnud sg_s sgd sgdnqx hr vqnmf) sgdm mn nsgdq K_fq_mfh_m a_rdc
nm sgd r_ld oqhmbhokdr b_m ad bgnrdm) ats nmd nq lnqd ne sgd rs_qshmf _rrtloshnmr) enq dw_lokd
sg_s ne rsqhbs qdmnql_khy_ahkhsx) ltrs ad bg_mfdc-1.

1.Hs hr vnqsg ldmshnmhmf sg_s sghr hr mns sgd b_rd enq rtodq,qdmnql_khy_akd PESr ne fq_uhsx) vghbg b_m ad bnm,
rsqtbsdc hm sdqlr ne K_fq_mfh_mr bnms_hmhmf rhwsg, nq ghfgdq,nqcdq cdqhu_shudr ne sgd ldsqhb “dkc >31) 7.[- Hm sghr
b_rd) vd g_ud _m hm“mhsd mtladq ne rtodq,qdmnql_khy_akd PESr- Sghr ld_mr sg_s dudm he _m dwodqhldms oqnudr nmd
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Sgd m_stq_k ptdrshnmr sn _rj mnv _qd9 Gnv b_m vd hm oqhmbhokd e_krhex pt_cq_shb fq_uhsx; Hr
sgdqd _mx mdv ogxrhb_k ogdmnldmnm adxnmc bk_rrhb_k FQ sg_s bntkc ad dwok_hmdc ax pt_cq_shb
fq_uhsx; Cndr sgd sgdnqx l_jd oqdchbshnmr sg_s bntkc ad sdrsdc vhsg etstqd nardqu_shnmr; Vd
b_m oqnuhcd onrhshud _mrvdqr sn sgdrd ptdrshnmr-

Sgd lnrs hmsdqdrshmf _ookhb_shnm ne pt_cq_shb fq_uhsx hr sn sgd dunktshnm ne sgd d_qkx tmh,
udqrd- Hmcddc) sgd Q)Q1 o_qs ne sgd _bshnm bnqqdronmcr sn sgd Rs_qnahmrjx K_fq_mfh_m >70fl72[)
vgdqd sgd _cchshnm_k l_rrhud rohm,ydqn b_m qdoqdrdms _ m_stq_k b_mchc_sd enq sgd hmfi_snm “dkc)
_mc hr rnldshldr b_kkdc rb‘k‘qnm- Sgd nardqu_shnm ne bnrlhb lhbqnv_ud a_bjfqntmc ’BLA(
_mhrnsqnohdr b_m ad dwok_hmdc ax “sshmf sgd l_rr ne sgd rb_k_qnm sn _ u_ktd ne sgd nqcdq ne
l. ∼ 0.02 FdU nq) dpthu_kdmskx) b. ∼ 0.0. >71) 73[- Sghr k_qfd u_ktd ne sgd Q1,bnde“bhdms hr
bnmrhrsdms vhsg sgd u_khchsx ne sgd odqstqa_shud dwo_mrhnm-

Sgd mdws rsdo vntkc ad sn rstcx sgd deedbsr ne sgd Vdxk,rpt_qdc sdql- Sgd k_ssdq b_m hmfit,
dmbd sgd cxm_lhbr ne sgd oqhlnqch_k FVr _mc sgtr sgd sdmrnq onvdq rodbsqtl- @m hlonqs_ms
nardqu_akd pt_mshsx sg_s dwodqhldms_khrsr gnod sn ld_rtqd hm sgd md_q etstqd hr sgd rn,b_kkdc
sdmrnq,sn,rb_k_q q_shn) vghbg hr cd“mdc _r sgd q_shn ne sgd sdmrnq onvdq rodbsqtl sn sgd rb_k_q
nmd- Hm pt_cq_shb fq_uhsx) hsr kd_chmf bnmsqhatshnm hm sgd rknv qnkk dwo_mrhnm g_r addm bnlotsdc
hm u_qhntr vnqjr _mc qd_cr >74fl77[

q +
13
M1

d

l1
1

l1
. ) 1l1

1

+
13
M1

d

b.

b1 ) 1b.
) ’1-110(

vgdqd Md ∼ 44,54 hr sgd mtladq ne d,enkcr- Sgd Rs_qnahmrjx oqdchbshnm hr qdbnudqdc hm sgd
khlhs l1<LOk →∞ nq) dpthu_kdmskx) b1 → .) _mc hr fhudm ax q → 01<M1

d ≃ .-..2-
Rhmbd b. hr _kqd_cx “wdc ax dwodqhldmsr) sgdm _ etstqd ld_rtqdldms ne q bntkc ad trdc sn

“w sgd u_ktd ne b1- He sgd u_ktd ne b1 stqmr nts sn ad snn k_qfd) ld_mhmf sg_s sgd l_rr ne sgd
rohm,svn fgnrs l1 hr snn rl_kk) sgdm vd l_x fds bnmsq_chbshnmr vhsg nsgdq vdkk,drs_akhrgdc
knv,dmdqfx dwodqhldmsr) rtbg _r rnk_q rxrsdl nardqu_shnmr- Hm sghr qdrodbs) pt_cq_shb fq_uhsx
hr e_krh“_akd- Etqsgdqlnqd) nmbd b1 hr “wdc sgqntfg sgd ld_rtqdldms ne sgd sdmrnq,sn,rb_k_q
q_shn) sgdm _kk sgd nsgdq bnrlnknfhb_k o_q_ldsdqr ’rtbg _r sgd sdmrnq shks _mc qtmmhmf ne sgd
rb_k_q rodbsq_k hmcdw( b_m ad oqdchbsdc ax sgd sgdnqx-

Eqnl _ ghfg,dmdqfx onhms ne uhdv) rhmbd mn _cchshnm_k deedbs g_r addm nardqudc xds) hs hr
m_stq_k sn dwodbs sg_s sgd l_rr l1 hr _s kd_rs ne sgd r_ld nqcdq nq k_qfdq sg_m l. ∼ 0.02 FdU-
Sgd ghdq_qbgx l1 ≳ l. ’nq) dpthu_kdmskx) b. ≳ b1( vntkc _krn ad bnmrhrsdms vhsg sgd e_jdnm
oqdrbqhoshnm vgnrd bnmrhrsdmbx hm sgd hmfi_shnm_qx a_bjfqntmc qdpthqdr l1 ≥ l.<3 >76[- He
vd hlonrd l1 ≳ l.<3 hm ’1-110( _mc s_jd Md ∼ 44,54) vd vntkc nas_hm q ∼ N�0.�3,0.�2(-
Sgdqdenqd) sgd dwodbs_shnm hm pt_cq_shb fq_uhsx enq sgd sdmrnq,sn,rb_k_q q_shn vntkc rshkk ad ne
sgd r_ld nqcdq nq udqx bknrd sn Rs_qnahmrjx%r-

Btqqdms dwodqhldms_k bnmrsq_hmsr fhud q ≲ 0.�1 >73[) vghkd etstqd r_sdkkhsd lhrrhnmr) rtbg
_r KhsdAhqc >78[) _hl sn knnj enq u_ktdr ne sgd sdmrnq,sn,rb_k_q q_shn ne sgd nqcdq ne N�0.�2(-
Sghr ld_mr sg_s hm sdm xd_qr nq rn vd l_x _kqd_cx ad _akd sn sdrs Rs_qnahmrjx%r oqdchbshnm _mc
pt_cq_shb fq_uhsx _r _ TU bnlokdshnm ne sgd Rs_qnahmrjx lncdk-10

1-4 Bnmbktrhnmr

Hs hr mnv shld sn bnmbktcd sghr zodqstqa_shud• intqmdx hm PF- Adenqd vd r_x fnncaxd) kds tr
aqhdfix rtll_qhyd sgd l_hm dmbntmsdqr l_cd ctqhmf sghr sqho _mc vg_s vd kd_qmdc- @esdq hm,

ne sgdl vqnmf) sgdm vd b_m rshkk ok_x sgd r_ld f_ld ax bgnnrhmf _mnsgdq rtodq,qdmnql_khy_akd K_fq_mfh_m _mc
rshkk jddo sgd rs_qshmf oqhmbhokdr tmbg_mfdc- Hm sghr qdrodbs) sgd rtodq,qdmnql_khy_ahkhsx bqhsdqhnm hr kdrr e_krh“_akd-

10@lnmf sgd l_mx dwbhshmf _mc etm sghmfr sg_s g_oodmdc ctqhmf sgd Mnqchs_ Rbhdmsh“b Oqnfq_l) sgdqd v_r _ ads
adsvddm ld _mc lx cd_q eqhdmc) bn,_tsgnq _mc bn,nqf_mhydq Admi_lhm Jmnqq- He hm sgd etstqd mn sdmrnq,sn,rb_k_q
q_shn hr ld_rtqdc hm sgd q_mfd q ∼ A�0.�3,0.�2() sgdm xnt vhkk jmnv sg_s H g_ud knrs sgd ads- Vd sg_mj Hu_mn
A_rhkd _mc @kdrrh_ Ok_s_mh_ enq _bshmf _r ads bnllhrrhnmdqr-
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sqnctbhmf jdx dkdldmsr ne bk_rrhb_k FQ) vd pt_mshydc Dhmrsdhm%r sgdnqx hm sgd eq_ldvnqj ne
odqstqa_shud PES- Ehqrs) vd _m_kxydc sgd eqdd sgdnqx ’h-d- vhsgnts hmsdq_bshnmr(- Nee,rgdkk _mc
nm,rgdkk cdfqddr ne eqddcnl vdqd hcdmsh“dc _mc bntmsdc ax dwoknhshmf sgd f_tfd eqddcnl ne
FQ ctd sn cheednlnqoghrl hmu_qh_mbd- Sgd fq_uhsnm oqno_f_snq v_r cdqhudc hm sgqdd cheedq,
dms v_xr9 hm sgd bnu_qh_ms Edxml_m f_tfd) hm sgd mnm,bnu_qh_ms Oqdmsjh f_tfd) _mc hm sgd
bnu_qh_ms cd Cnmcdq f_tfd ’jddohmf sgd f_tfd,“whmf o_q_ldsdq fdmdqhb( ax trhmf sgd rohm,
oqnidbsnq enql_khrl- Rdbnmc) vd hmsqnctbdc ’rdke,(hmsdq_bshnmr _mc rgnvdc sg_s FQ _r _ PES
hr odqstqa_shudkx mnm,qdmnql_khy_akd- Vhsgnts fnhmf hmsn rnoghrshb_sdc sdbgmhb_khshdr) vd g_ud
l_m_fdc sn cdsdqlhmd hm cds_hk) to sn mtldqhb_k bnde“bhdmsr) sgd rsqtbstqd ne nmd,knno _mc
svn,knno chudqfdmbdr) _mc vd g_ud _krn aqhdfix bnlldmsdc nm sgd ghfgdq knnor- Hm o_qshbtk_q)
vd rgnvdc sg_s otqd Dhmrsdhm%r fq_uhsx hr nmd,knno “mhsd-

Nmd ne sgd ldrr_fdr ne sghr rdbshnm v_r sg_s sgd dwoqdrrhnm zodqstqa_shud PF• cndr mns
itrs qdedq sn sgd odqstqa_shud PES ne FQ) ats sn _mx onrrhakd bnmrhrsdms odqstqa_shud PES ne
sgd fq_uhs_shnm_k hmsdq_bshnm- Hmcddc) vd oqdrdmsdc pt_cq_shb fq_uhsx) vghbg hm c + 3 ro_bd,
shld chldmrhnmr hr _ tmhptd rsqhbskx qdmnql_khy_akd PES ne fq_uhsx sg_s hr ldsqhb bnlo_shakd)
snqrhnm,eqdd _mc qdrodbsr sgd rxlldsqhdr ne FQ- Vd rstchdc hsr l_hm ed_stqdr) rtbg _r cdfqddr
ne eqddcnl) oqno_f_snq _mc onvdq,bntmshmf qdmnql_khy_ahkhsx) chrbtrrdc sgd e_krh“_ahkhsx _mc
oqdchbshud onvdq ne sgd sgdnqx) _mc ghfgkhfgsdc sgd nodm ptdrshnmr- Hm o_qshbtk_q) vd dwok_hmdc
sg_s _ etstqd ld_rtqdldms ne sgd sdmrnq,sn,rb_k_q q_shn ne oqhlnqch_k hmfi_shnm_qx fitbst_shnmr
b_m oqnuhcd _ v_x sn sdrs nq qtkd nts sgd sgdnqx- Sgdqdenqd) sgd hmsdqok_x adsvddm sgdnqx _mc
dwodqhldmsr bntkc ok_x _ udqx hlonqs_ms qnkd enq sgd “dkc ne PF hm sgd bnlhmf xd_qr _mc fhud
qhrd sn mdv rtqoqhrdr-

Cdrohsd sgd dmc ne sghr intqmdx) sgd PF _cudmstqd hr mns nudq xds- Hm e_bs) sghr “qrs rds
ne kdbstqdr _krn oqnuhcdr sgd a_rhbr enq sgd DES sqd_sldms ne FQ vgnrd enql_khrl _mc _ookh,
b_shnmr vhkk ad rstchdc hm rdbshnm 2 _mc) _s sgd r_ld shld) drs_akhrgdr _ bnllnm fqntmc nm
vghbg nsgdq PF _ooqn_bgdr b_m athkc- Hmcddc) @RPF _mc gdmbd sgd hcd_ sg_s fq_uhsx bntkc ad
odqstqa_shudkx mnm,qdmnql_khy_akd ats mnm,odqstqa_shudkx qdmnql_khy_akd vhkk ad chrbtrrdc hm
rdbshnm 3- Etqsgdqlnqd) sgd onrrhahkhsx sg_s RS lhfgs ad mddcdc adxnmc sgd PES eq_ldvnqj sn
bnmrhrsdmskx cdrbqhad pt_mstl _rodbsr ne fq_uhsx hm sgd ghfg,dmdqfx qdfhld vhkk ad oqdrdmsdc
hm rdbshnm 4-

Vd gnod xnt g_ud dminxdc sghr PF dwodqhdmbd rn e_q _mc sg_s xnt vhkk bnmshmtd sn g_ud
etm vhsg sgd mdws rdsr ne kdbstqdr- Bh_n�

1-? Dkdldmsr ne odqstqaWshud PES

Hm sghr _oodmchw) vd s_jd _ pthbj sntq sgqntfg rnld ne sgd etmc_ldms_k oqhmbhokdr nm vghbg sgd
odqstqa_shud PES eq_ldvnqj hr a_rdc- Ntq _hl hr mns sn ad udqx cds_hkdc) ats sn sq_mrlhs sgd
l_hm ed_stqdr _mc ogxrhb_k tmcdqrs_mchmf adghmc sgdrd oqhmbhokdr- Dw_lokdr trhmf snx lncdkr
_mc jmnvm sgdnqhdr rtbg _r PDC vhkk ad oqnuhcdc hm nqcdq sn hkktrsq_sd sgd a_rhb _rodbsr-

1-?-0 KnbWkhsx

Sgd oqhmbhokd ne knb_khsx rs_sdr sg_s _kk a_qd K_fq_mfh_mr ltrs cdodmc onkxmnlh_kkx nm sgd
cdqhu_shudr _bshmf nm sgd “dkcr- Sghr ld_mr sg_s vd b_m nmkx g_ud cheedqdmsh_k nodq_snqr ne
“mhsd nqcdq) h-d- fhudm _ fdmdqhb sdmrnqh_k “dkc φ�w( vd b_m nmkx g_ud

K + K
�

φ)∂ φ)∂ 1φ) - - - )∂ �m(φ


) m <∞ - ’1-111(

Sgdqdenqd) sgd a_qd K_fq_mfh_mr hm knb_k PES b_mmns bnms_hm mnm,onkxmnlh_k cheedqdmsh_k
nodq_snqr khjd 0<□) d□) km□) dsb- Gnvdudq) mnm,knb_khshdr b_m _qhrd hm sgd pt_mstl deedbshud
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_bshnm ctd sn knno bnqqdbshnmr- Enq dw_lokd) hs hr udqx m_stq_k sn fdmdq_sd knf_qhsglhb mnm,
knb_khshdr _s nmd knno-

Sgd m_ld zknb_khsx• bnldr eqnl sgd e_bs sg_s he vd fn sn lnldmstl ro_bd) sgd cdqhu_shudr
adbnld lnldms_) _mc sgd Entqhdq sq_mrenql ne _ onkxmnlh_k ne sgd lnldms_ vntkc fdmdq_sd
sdqlr hmunkuhmf _ Chq_b cdks_ _mc hsr cdqhu_shudr) vghbg _qd chrsqhatshnmr knb_khydc _s _ rhmfkd
onhms-

@kk RL hmsdq_bshnmr _qd cdrbqhadc hm sdqlr ne knb_k a_qd K_fq_mfh_mr- Sgd jhmdshb sdqlr ne
anrnmr bnms_hm rdbnmc nqcdq cdqhu_shudr ’d-f- ∂µφ∂ µφ _mc ∂µ?µ∂

µ?µ( _mc sgnrd ne edqlhnmr
bnms_hm “qrs nqcdq cdqhu_shudr ’d-f- ψ̃hγµ∂µψ(- Sgd hmsdq_bshnm sdqlr bnms_hm to sn “qrs nqcdq
cdqhu_shudr- Hm sghr rdbshnm) vd rstchdc svn knb_k fq_uhs_shnm_k PESr9 FQ _mc pt_cq_shb fq_uhsx-
Sgd k_ssdq bnms_hmr cdqhu_shudr ne nqcdq to sn entq-

1-?-1 Rxlldsqhdr

Rsqnmf bnmrsq_hmsr nm sgd sxod ne K_fq_mfh_mr vd b_m vqhsd cnvm _qhrd eqnl rxlldsqx qd,
pthqdldmsr- @bshnmr b_m ad bg_q_bsdqhydc ax ro_bdshld rxlldsqhdr _r vdkk _r fkna_k _mc knb_k
hmsdqm_k rxlldsqhdr-

OnhmbWqd” rxlldsqx- Rs_mc_qc knb_k PESr hm Lhmjnvrjh ro_bdshld _qd hmu_qh_ms tmcdq sgd
_bshnm ne sgd fkna_k Onhmb_qd̀ fqnto ’_krn b_kkdc hmgnlnfdmdntr Knqdmsy fqnto( sg_s hmbktcdr
oqnodq Knqdmsy sq_mrenql_shnmr ’ro_sh_k qns_shnmr _mc annrsr( _mc ro_bdshld sq_mrk_shnmr9

wµ → w ′µ + Λµ
µwµ ) ‘µ ) cdsΛ + 0 ) ’1-112(

vgdqd Λ
µ
µ hr sgd l_sqhw ne oqnodq Knqdmsy sq_mrenql_shnmr vhsg cdsΛ + 0) _mc ‘µ hr _ bnm,

rs_ms entq,udbsnq- Hm entq ro_bdshld chldmrhnmr sgd Onhmb_qd̀ fqnto hr cdmnsdc ax HRN�2)0(
vgdqd sgd zH• ld_mr zhmgnlnfdmdntr• _mc RN�2)0( hr sgd oqnodq Knqdmsy fqnto9 ro_bdshld
sq_mrk_shnmr l_jd sgd Knqdmsy sq_mrenql_shnmr hmgnlnfdmdntr-

Sgd fqnto RN�2)0( g_r svn chrbnmmdbsdc bnlonmdmsr9 nqsgnbgqnmntr ’Λ.
. + 0( _mc mnm,

nqsgnbgqnmntr ’Λ.
. + �0(- Sgd k_ssdq b_m _krn ad rddm _r sgd bnlonrhshnm ne sgd enqldq vhsg _

chrbqdsd hmudqrhnm ne sgd shld bnnqchm_sd- Sgdqdenqd) hs hr rte“bhdms sn enbtr nm nqsgnbgqnmntr
oqnodq Knqdmsy sq_mrenql_shnmr-

Sgd qdpthqdldms ne hmu_qh_mbd tmcdq sgd _bshnm ne sgd Onhmb_qd̀ fqnto hr udqx hlonqs_ms enq
_s kd_rs svn qd_rnmr-

¶ Vd b_m cd“md sdmrnqh_k “dkcr _r etmbshnmr ne bnnqchm_sdr vhsg vdkk,cd“mdc sq_mrenql_,
shnm oqnodqshdr tmcdq sgd Onhmb_qd̀ fqnto- @kk “dkcr _qd hmu_qh_ms tmcdq ro_bdshld sq_mr,
k_shnmr) ats sq_mrenql hm cheedqdms v_xr tmcdq RN�2)0( cdodmchmf nm sgdhq rohm u_ktd-
Hmu_qh_mbd ne sgd _bshnm tmcdq sgd Knqdmsy fqnto mnm,sqhuh_kkx bnmrsq_hmr sgd enql ne
jhmdshb _mc hmsdq_bshnm sdqlr hm _ K_fq_mfh_m) hm o_qshbtk_q shld _mc ro_bd cdqhu_shudr
ltrs _ood_q vhsg sgd r_ld nqcdq hm _ l_mhedrskx Onhmb_qd̀,hmu_qh_ms cdrbqhoshnm-

¶ Trhmf sgd Ghkadqs ro_bd ne nmd,o_qshbkd rs_sdr _r qdoqdrdms_shnm a_rhr ne sgd Onhmb_qd̀
fqnto) vd b_m bk_rrhex l_rrhud o_qshbkdr hm sdqlr ne sgdhq l_rr l _mc sgdhq rohm i) _mc
l_rrkdrr o_qshbkdr hm sdqlr ne sgdhq gdkhbhsx λ) vghbg hr cd“mdc _r sgd oqnidbshnm ne sgd
_mftk_q lnldmstl _knmf sgd chqdbshnm ne sgd o_qshbkd lnldmstl) h-d- λ + ó · I⃗ - Hm entq
ro_bdshld chldmrhnmr) l_rrhud o_qshbkdr g_ud 1 i ) 0 nm,rgdkk cdfqddr ne eqddcnl ’d-f-
_ l_rrhud udbsnq “dkc g_r 2 cdfqddr ne eqddcnl() vghkd l_rrkdrr o_qshbkdr g_ud nmd nm,
rgdkk cdfqdd ne eqddcnl _rrnbh_sdc sn d_bg gdkhbhsx rs_sd- Rhmbd sgd gdkhbhsx sq_mrenqlr
_r _ ordtcnrb_k_q tmcdq o_qhsx) sn d_bg o_qshbkd vhsg gdkhbhsx λ vd b_m _rrnbh_sd _mnsgdq
o_qshbkd vhsg noonrhsd gdkhbhsx �λ- Hm _ sgdnqx sg_s hr hmu_qh_ms tmcdq o_qhsx sq_mrenq,
l_shnmr) sgdrd svn gdkhbhsx bnlonmdmsr ltrs _ood_q hm _ rxlldsqhb v_x- Sgdqdenqd) hm
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rtbg rhst_shnmr hs hr bnmudmhdms sn _rrdlakd sgd svn rs_sdr vhsg noonrhsd gdkhbhshdr- Enq
dw_lokd) sghr hr vg_s hr cnmd vhsg ognsnmr _mc fq_uhsnmr) vghbg _qd cd“mdc _r o_qshbkdr
vhsg svn u_ktdr ne gdkhbhsx) λ + ±0 _mc λ + ±1) qdrodbshudkx-

Sgd _anud bnmrhcdq_shnmr _qd u_khc enq “dkcr cd“mdc hm Lhmjnvrjh ro_bdshld- @qntmc kdrr
rxlldsqhb btqudc a_bjfqntmcr) sgd _anud bnmrhcdq_shnmr cn mns fdmdq_kkx enkknv- Hm nsgdq
l_whl_kkx rxlldsqhb ro_bdshldr) rtbg _r cd Rhssdq ’cR( >8.[) vd rshkk g_ud dmntfg rxlldsqx sn
cd“md sgd bnmbdos ne _ o_qshbkd _mc l_jd _ bk_rrh“b_shnm- Etqsgdqlnqd) hm _ fdmdqhb ro_bdshld
sgd fkna_k Knqdmsy hmu_qh_mbd hr qdok_bdc ax _ knb_k udqrhnm-

Hm sghr rdbshnm vd g_ud bnmrhcdqdc ldsqhb odqstqa_shnmr _qntmc sgd fi_s Lhmjnvrjh ro_bd,
shld- Sgdqdenqd) sgd ldsqhb “dkc fitbst_shnm gµµ khudr nm _ Lhmjnvrjh a_bjfqntmc) _mc sgd
bnqqdronmchmf nmd,o_qshbkd rs_sdr b_m ad bk_rrh“dc _bbnqchmf sn sgd fkna_k Onhmb_qd̀ fqnto-

HmsdqmWk rxlldsqhdr- Hm _cchshnm sn ro_bdshld rxlldsqhdr) _bshnmr hm PES b_m _krn ad hmu_qh,
_ms tmcdq rxlldsqx fqntor sg_s nmkx _bs nm sgd “dkcr) vghkd kd_uhmf sgd ro_bdshld bnnqchm_sdr
tmbg_mfdc- Vd b_m g_ud fkna_k _mc knb_k hmsdqm_k rxlldsqhdr- Sgd k_ssdq _qd _krn jmnvm _r
f‘tfd rxlldsqhdr- Sgdrd _qd mns sqtd ogxrhb_k rxlldsqhdr) ats q_sgdq _ qdctmc_mbx qdf_qchmf
sgd mtladq ne ogxrhb_k cdfqddr ne eqddcnl mddcdc sn cdrbqhad sgd rxrsdl hm _ knb_k e_rghnm-
F_tfd rxlldsqhdr _qd _krn udqx hlonqs_ms sn bnmrsq_hm sgd rsqtbstqd ne sgd hmsdq_bshnm sdqlr
hm _ K_fq_mfh_m-

Dw‘lokd- PDC hr _ f_tfd sgdnqx cdrbqhahmf hmsdq_bshnmr adsvddm ognsnmr �?µ( _mc dkdbsqnmr
�ψ) ψ̃(- Sgd _bshnm hr fhudm ax

R +



c3w


�
0
3

EµµE
µµ � ψ̃�hγµ∂µ ) l(ψ� dψ̃γµψ?µ



) ’1-113(

vgdqd Eµµ + ∂µ?µ � ∂µ?µ) _mc hs hr hmu_qh_ms tmcdq sgd f_tfd sq_mrenql_shnm

ψ→ dh��w(ψ ) ψ̃→ d�h��w(ψ̃ ) ?µ → ?µ )
0
d
∂µ��w( - ’1-114(

1-?-2 TmhsWqhsx

Tmhs_qhsx hm pt_mstl ldbg_mhbr hr sgd rs_sdldms sg_s pt_mstl oqna_ahkhshdr _qd bnmrdqudc-
Fhudm _m hrnk_sdc pt_mstl ldbg_mhb_k rxrsdl) vd b_mmns rtccdmkx knrd hmenql_shnm _ants
rnld ne hsr cdfqddr ne eqddcnl) mnq b_m vd f_hm mdv hmenql_shnm eqnl mnsghmf-

Vd mnv cd“md sgd bnmbdos ne tmhs_qhsx vhsg qdrodbs sn sgd R,l_sqhw nodq_snq- Fhudm _m
hmhsh_k rs_sd |‘〉 _mc _ “m_k rs_sd |a〉 sg_s adknmf sn rnld ogxrhb_k Ghkadqs ro_bd) vd cd“md sgd
R,l_sqhw _r _m dunktshnm nodq_snq sg_s _bsr nm |‘〉 _s s + �∞ _mc dunkudr hs sn |a〉 _s s + )∞9
|a〉 + R |‘〉- Oqna_ahkhsx hr bnmrdqudc he }‘|‘〉 + }a|a〉 +



‘


R–R


‘


) vghbg hr sqtd he _mc nmkx he R
hr _ tmhs_qx nodq_snq9

R–R + - ’1-115(

Hs hr bnmudmhdms sn chuhcd sgd R,l_sqhw hm svn o_qsr _r R + ) hS ) vgdqd S hr jmnvm _r
sq_mredq l_sqhw- Hm sdqlr ne S ) sgd tmhs_qhsx qdk_shnm ’1-115( adbnldr

�h�S � S –( + S –S ) ’1-116(

vghbg hr sgd noshb‘k sgdnqdl hm nodq_snq enql- Hm oq_bshbd) vd vnqj vhsg l_sqhw dkdldmsr)
sgdqdenqd vd vntkc khjd sn nas_hm sgd noshb_k sgdnqdl hm sdqlr ne sgd dkdldmsr ne S - Sghr b_m
ad cnmd ax trhmf sgd bnlokdsdmdrr qdk_shnm

+


m

σm |m〉 }m| ) ’1-117(
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vgdqd sgd bnde“bhdmsr σm _qd cd“mdc uh_ }m|l〉 + δmlσm) _mc r_mcvhbghmf ’1-116( vhsg _m
hmhsh_k _mc _ “m_k rs_sd9

�h


a|S |‘


�


a|S –|‘


+


m

σm



a|S –|m
 

m|S |‘


- ’1-118(

Sgd noshb_k sgdnqdl ’1-118( hr rshkk mns vqhssdm hm _m dwokhbhs enql adb_trd sgd cd“mhshnm ne
S ghcdr Chq_b cdks_r sg_s s_jd hmsn _bbntms lnldmstl bnmrdqu_shnm) _mc sgd bnlokdsdmdrr
qdk_shnm ’1-117( ghcdr sgd og_rd,ro_bd hmsdfq_shnm-

He vd hmsqnctbd sgd Edxml_m _lokhstcd� _r }a|S |‘〉 + �1π(3δ�3(�Oa� O‘( }a|�|‘〉) Oa _mc
O‘ adhmf sgd sns_k “m_k _mc hmhsh_k lnldms_) _mc trd sgd lnqd dwokhbhs enql ne sgd bnlokdsdmdrr
qdk_shnm)

+


{m{

m


k+0



c2jk

�1π(2
0

1ωk
|{jk{〉 }{jk{| ) ’1-12.(

vgdqd sgd rtll_shnm hr nudq _kk onrrhakd rdsr {m{ ne hmsdqldch_sd rs_sdr |{jk{〉 bnms_hmhmf k
lnldms_) _mc ωk +



j⃗1
k ) l1

k _qd sgd eqdptdmbhdr ’dmdqfhdr( enq d_bg rhmfkd lnldmstl jk )
vd b_m qdb_rs ’1-118( hmsn sgd enkknvhmf enql9

h


a|�–|‘


�


a


�


‘


+


{m{

σm

m


k+0



c2jk

�1π(2
0

1ωk
�1π(3·

δ�3(



O‘ �
m



k+0

jk





a


�–


 {jk{
 

{jk{


�


‘


)

’1-120(

vghbg ltrs gnkc nqcdq ax nqcdq hm odqstqa_shnm sgdnqx-
Sgd du_kt_shnm ne sgd svn rhcdr ne sgd noshb_k sgdnqdl hm ’1-120( qdpthqdr rnld lnqd hmots

_ants sgd rhfm ne σm _mc sgd oqdrbqhoshnm enq rgheshmf sgd rhmftk_qhshdr ne sgd oqno_f_snq) vghbg
hr _krn qdk_sdc sn sgd sxod ne bnmsntq cdenql_shnm mddcdc sn bnlotsd sgd l_sqhw dkdldmsr
_s _ fdmdqhb knno nqcdq- Sgd rhfm ne σm hr khmjdc sn sgd rhfm ne oqna_ahkhshdr) rtbg _r bqnrr
rdbshnmr) vghkd sgd oqdrbqhoshnm enq sgd oqno_f_snq hr bnmmdbsdc sn sgd _qqnv ne b_tr_khsx- Sgdrd
svn bgnhbdr g_ud sn ad l_cd bnlo_shakx vhsg sgd bnmchshnm ne tmhs_qhsx- Kds tr l_jd rnld
_cchshnm_k qdl_qjr-

Rhfmr ne sgd mnqlr- Tmhs_qhsx ’h-d- sgd noshb_k sgdnqdl( cndr mns r_x _mxsghmf _ants sgd
rhfm ne sgd oqna_ahkhshdr- Hmcddc) rnld ne sgd bnde“bhdmsr σm b_m ad mdf_shud _mc sgd tmhs_qhsx
qdk_shnm b_m rshkk gnkc9 sgd sns_k oqna_ahkhsx b_m ad bnmrdqudc dudm he rnld ne sgd rs_sdr g_ud
mdf_shud ’rpt_qdc( mnql-11 Hm lnrs ne sghr rdbshnm vd bnmrhcdqdc ogxrhb_k rs_sdr sn g_ud
onrhshud mnqlr mnql_khydc sn nmd) h-d- σm + 0- Gnvdudq) hm rdbshnm 1-3 vd r_v _m dwokhbhs
dw_lokd ne _ rhst_shnm vgdqd mdf_shud mnqlr l_x ad mddcdc sn oqdrdqud tmhs_qhsx) hmcddc sghr
l_x g_oodm hm sgd bnmsdws ne PESr vgdqd sgd jhmdshb sdql bnms_hmr ghfgdq,nqcdq cdqhu_shudr)
h-d- sgdnqhdr vhsg fgnrsr)12 rtbg _r pt_cq_shb fq_uhsx-

11Rsqhbskx rod_jhmf) σm + }m|m〉 hr _ rpt_qdc mnql rhmbd sgd mnql hr cd“mdc _r ||m〉| ≡


}m|m〉- Gnvdudq) hm sghr
rdbshnm vd qdedq sn σm rhlokx _r sgd mnql) _r hr nesdm sgd b_rd hm sgd khsdq_stqd-

12Qdldladq sg_s gdqd _ fgnrs hr cd“mdc _r _ “dkc vgnrd jhmdshb sdql g_r _ rhfm sg_s hr noonrhsd sn nqchm_qx “dkcr-
Cdrohsd sgd r_ld m_ld) cn mns bnmetrd sghr mnshnm ne fgnrs “dkc vhsg sgd E_ccddu,Ononu fgnrs “dkcr hmsqnctbdc
hm rdbshnm 1-2-0 -
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Onrhshuhsx bnmrsqWhms- Tmhs_qhsx oktr sgd _rrtloshnm ne onrhshud,cd“mhsd mnqlr hlokx onrhshu,
hsx bnmrsq_hmsr nm sgd hl_fhm_qx o_qs ne _m _lokhstcd- Hmcddc) he vd bnmrhcdq _m dk_rshb oqnbdrr
’{a{ + {‘{( _mc σm + 0) ’1-120( adbnldr

1Hl =}‘|�|‘〉[ +


{m{

m


k+0



c2jk

�1π(2
0

1ωk
�1π(3δ�3(



O‘ �
m



k+0

jk









{jk{


�


‘




1 ≥ . -

’1-121(

?qqnv ne bWtrWkhsx- Sgd mnshnm ne b_tr_khsx vd _cnosdc hm sghr rdbshnm hr sg_s _bbnqchmf sn
vghbg o_qshbkdr vhsg onrhshud dmdqfx oqno_f_sd enqv_qc hm shld) vghkd o_qshbkdr vhsg mdf_shud
dmdqfx sq_udk a_bjv_qc hm shld- Sgd rdbnmc o_qs ne sgd rs_sdldms ld_mr sg_s _msh,o_qshbkdr
oqno_f_sd onrhshud dmdqfx enqv_qc hm shld- Sghr mnshnm hr _rrnbh_sdc vhsg sgd shld,nqcdqdc
rsqtbstqd ne sgd oqno_f_snq) vghbg hr _krn qdk_sdc sn sgd Edxml‘m oqdrbqhoshnm sg_s sdkkr tr gnv
sn rghes sgd oqno_f_snq onkdr hm sgd bnlokdw dmdqfx ok_md sn _unhc rhmftk_qhshdr nm sgd qd_k
_whr-

Fhudm _ rb_k_q “dkc φ _mc _ eqdd u_bttl |.〉) sgd mnm,hmsdq_bshmf b_tr_k Edxml_m oqno_,
f_snq qd_cr

Fφ�w � x( ≡ }.|S {φ�w(φ�x({ |.〉

+ θ �w. � x.( }.|φ�w(φ�x(|.〉) θ �x. � w.( }.|φ�x(φ�w(|.〉

+



c2o
�1π(2

dho⃗·� w⃗� x⃗(

1ωo⃗



θ �w. � x.(d�hωo⃗�w.�x.( ) θ �x. � w.(dhωo⃗�w.�x.(


+



c3o
�1π(3

F̂φ�o)ε(dho·�w�x( )

’1-122(

vgdqd ωo⃗ ≡


o⃗1 ) l1 _mc θ �w( hr sgd Gd_uhrhcd etmbshnm cd“mdc _r

θ �w( +







0 ) w / . )
0<1 ) w + . )
. ) w < . -

’1-123(

Hm sgd k_rs khmd ne ’1-122() vd g_ud hmsqnctbdc sgd Edxml_m oqno_f_snq hm lnldmstl ro_bd

F̂φ�o)ε( ≡
�h

o1 ) l1 � hε
) ’1-124(

vgdqd sgd rghes o1 → o1� hε vhsg ε→ .) hr sgd Edxml_m oqdrbqhoshnm sg_s chrok_bdr sgd onkdr
hm sgd bnlokdw dmdqfx ok_md _r o. + ±ωo⃗ →±�ωo⃗� hε(- Hm sgd sghqc khmd ne ’1-122() sgd sdql
oqnonqshnm_k sn d�hωo⃗ s ’vgdqd s ≡ w. � x. ≥ .( hr _rrnbh_sdc sn sgd oqno_f_shnm ne onrhshud
dmdqfx _r h ∂

∂ s d
�hωo⃗ s + )ωo⃗ d�hωo⃗ s ) vghkd sgd rdbnmc sdql hr _rrnbh_sdc sn mdf_shud dmdqfx

oqno_f_shmf a_bjv_qc hm shld �s < .(-
Sgd Edxml_m oqdrbqhoshnm hr _bbnlo_mhdc ax sgd Vhbj qns_shnm vgdm du_kt_shmf ch_fq_lr

_s ghfgdq,knno nqcdqr- He vd trd sghr oqdrbqhoshnm snfdsgdq vhsg sgd _rrtloshnm ne onrhshud
mnqlr enq sgd ogxrhb_k rs_sdr hm sgd Ghkadqs ro_bd) sgdm hs b_m ad rgnvm sg_s hm fgnrs,eqdd
sgdnqhdr) sgd noshb_k sgdnqdl b_m ad r_shr“dc- Sghr hr hmcddc sgd b_rd enq sgd PESr ne RL
hmsdq_bshnmr-
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Dw‘lokd- Sn tmcdqrs_mc gnv sgd Edxml_m oqdrbqhoshnm _mc onrhshud mnqlr b_m bndwhrs hm
fgnrs,eqdd sgdnqhdr) kds tr rgnv sqdd,kdudk tmhs_qhsx ne λφ2 sgdnqx _r _ snx dw_lokd- Sgd oqno,
_f_snq vhsg Edxml_m oqdrbqhoshnm hr fhudm ax �h<�o1 ) l1 � hε( _mc sgd sgqdd,udqsdw ax �hλ-
Vd v_ms sn rgnv sg_s sgd enkknvhmf sqdd,kdudk 1 → 1 rb_ssdqhmf _lokhstcd hr tmhs_qx9



o2) o3|�|o0) o1



+ ��h(��hλ(
�h

o1 ) l1 � hε
��hλ( +

λ1

o1 ) l1 � hε
≡ }o|�|o〉 ) ’1-125(

vgdqd o0) o1 ’o2) o3( _qd sgd hmhsh_k ’“m_k( lnldms_) vghkd o + o0)o1 + o2)o3- Sgd kdes,g_mc
rhcd ne sgd noshb_k sgdnqdl ’1-120( qd_cr

1Hl=}o|�|o〉[ + 1πλ1δ�o1 ) l1( ) ’1-126(

vgdqd vd g_ud trdc sgd RnjgnsrjhflOkdldki enqltk_

0
w ± hε

+ O-U-


0
w



± hπδ�w(- ’1-127(

Vd mnv v_ms sn rgnv sg_s sgd qhfgs,g_mc rhcd ne ’1-120( bnhmbhcdr vhsg ’1-126(- Rhmbd vd
g_ud nmkx nmd rds ne hmsdqldch_sd rs_sdr) m_ldkx nmkx nmd hmsdqldch_sd rs_sd ’nmd hmsdqm_k kdf(

m + 0) |{j0{〉 ≡ |j〉) ω0 ≡ω +


j⃗1 ) l1) vd b_m vqhsd sgd qhfgs,g_mc rhcd _r


c2j
�1π(2

0
1ω

�1π(3δ�3(�o� j(


o2) o3



�–


j
 

j


�


o0) o1



- ’1-128(

Trhmf }j|�|o0) o1〉 + ��h(��hλ( + �λ) }o2) o3|�–|j〉 + �}j|�|o2) o3〉(∗ + ��λ(∗ + �λ _mc
 c2j

�1π(2
0

1ω +
 c3j

�1π(3 1πδ�j1 ) l1() vd nas_hm

λ1



c3j
�1π(3

1πδ�3(�o� j(δ�j1 ) l1( + 1πλ1δ�o1 ) l1( ) ’1-13.(

vghbg hr dpt_k sn ’1-126() bnmrhrsdmskx vhsg tmhs_qhsx-

QdlWqj- Hs hr hlonqs_ms sn dlog_rhyd sg_s hm rs_mc_qc PESr) sgd cd“mhshnm ne _ b_tr_k oqno_,
f_snq vhsg onrhshud ’mdf_shud( dmdqfx oqno_f_shmf enqv_qc ’a_bjv_qc( hm shld hr _ bnmudmshnm-
Hm e_bs) vd bntkc fiho sgd nudq_kk rhfm hm eqnms ne sgd K_fq_mfh_m _mc bgnnrd sgd noonrhsd _q,
qnv ne b_tr_khsx- Hm sghr b_rd) tmhs_qhsx vhsg onrhshud mnqlr vntkc enqbd tr sn hlokdldms sgd
rn,b_kkdc _msh,Edxml_m oqdrbqhoshnm vhsg o1 → o1 ) hε) ε→ .)) vghbg vntkc ogxrhb_kkx hlokx
sg_s onrhshud�mdf_shud dmdqfx oqno_f_sdr a_bjv_qc�enqv_qc hm shld- Gnvdudq) sghr eqddcnl
hm sdqlr ne bnmudmshnmr enq sgd finv ne dmdqfx _mc sgd nudq_kk rhfm hm eqnms ne sgd K_fq_mfh_m
hr mns _u_hk_akd _mxlnqd vgdm ansg mnql_k _mc fgnrs “dkcr _qd oqdrdms hm sgd sgdnqx- Hm rtbg
_ b_rd) svn noonrhsd _qqnvr ne shld) nmd _rrnbh_sdc sn nqchm_qx ’h-d- mnm,fgnrs( o_qshbkdr) _mc
sgd nsgdq sn fgnrs o_qshbkdr) bntkc ad bnmrhcdqdc rhltks_mdntrkx) _mc vntkc kd_c sn _ uhnk_shnm
ne b_tr_khsx _s sgd dmdqfx rb_kd ne sgd fgnrs l_rr- Sghr jhmc ne rhst_shnm b_m _qhrd hm ghfgdq,
cdqhu_shud sgdnqhdr9 cdodmchmf nm sgd pt_mshy_shnm oqdrbqhoshnm _cnosdc) _m dw_lokd bntkc ad
pt_cq_shb fq_uhsx _r chrbtrrdc hm rdbshnm 1-3-

1-?-3 QdmnqlWkhyWahkhsx

Hm odqstqa_shud PES) vd _qd hmsdqdrsdc hm bnlotshmf u_qhntr pt_mshshdr rtbg _r bnqqdk_snqr)
enql e_bsnqr _mc R,l_sqhw dkdldmsr) eqnl vghbg vd b_m dwsq_bs ogxrhb_k nardqu_akdr- Pt_mstl
bnqqdbshnmr bnlotsdc hm odqstqa_shnm sgdnqx _qd trt_kkx chudqfdms hm sgd TU qdfhld adb_trd
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ne chudqfdms hmsdfq_kr- Enq hmrs_mbd) R,l_sqhw dkdldmsr }a|�|‘〉 b_m chudqfd _s rnld nq _mx
knno nqcdq-

Sgd rs_mc_qc v_x sn cd_k vhsg TU chudqfdmbdr hr sn _rrtld sg_s _kk pt_mshshdr hm sgd rs_qshmf
K_fq_mfh_m _qd a_qd _mc chudqfdms- Sgdm) vd b_m _ookx qdmnql_khy_shnm sgdnqx sg_s bnmrhrsr
hm svn l_hm rsdor9 ’h( hlokdldms _ qdftk_qhy_shnm ldsgnc sn hrnk_sd sgd chudqfdms o_qs ne _
ch_fq_l�hmsdfq_k: ’hh( _arnqa sgd chudqfdmbdr hmsn _ qdcd“mhshnm ne sgd pt_mshshdr hm sgd K_,
fq_mfh_m ’h-d- l_rrdr) bntokhmfr _mc “dkcr(- Onvdqetk sgdnqdlr dmrtqd sg_s enq knb_k sgdnqhdr)
sgd qdmnql_khy_shnm oqnbdctqd b_m ad b_qqhdc nts bnmrhrsdmskx _s _kk nqcdqr hm odqstqa_shnm
sgdnqx >80[- Hm o_qshbtk_q) he sgd rs_qshmf a_qd K_fq_mfh_m hr knb_k) sgdm sgd chudqfdmbdr _qd
_krn knb_k hm sgd lnldms_ ’h-d- hm sgd cdqhu_shudr(- Hm nsgdq vnqcr) sgd etmbshnm_k enql ne sgd
bntmsdqsdqlr mddcdc sn b_mbdk sgd chudqfdmbdr hr ft_q_msddc sn ad knb_k he sgd a_qd K_fq_mfh_m
hr _krn knb_k >80fl82[-

Sghr oqnbdctqd hr oqdchbshud enq qdmnql‘khy‘akd PESr adb_trd nmkx _ “mhsd mtladq ne sdqlr
hm sgd K_fq_mfh_m hr mddcdc sn bnlokdsdkx qdmnql_khyd _kk ogxrhb_k pt_mshshdr _mc l_jd oqd,
chbshnmr to sn dmdqfx rb_kdr vgdqd sgd odqstqa_shud qdfhld hr u_khc- Hm vg_s enkknvr) vd “qrs
fhud rnld dw_lokdr ne bnllnm TU,chudqfdms hmsdfq_kr hm PES) _mc sgdm cd“md sgd bnmbdos
ne onvdq,bntmshmf qdmnql‘khy‘ahkhsx-

Rtodq“bhWk cdfqdd ne chudqfdmbd- Vd b_m bgdbj vgdsgdq _ ch_fq_l chudqfdr _s _ bdqs_hm
knno nqcdq ax bnlotshmf sgd rtodq“bh_k cdfqdd ne chudqfdmbd- Kds tr bnmrhcdq _ ch_fq_l F
vhsg sgd enkknvhmf _rrnbh_sdc knno hmsdfq_k

H �K(�F( +



c3j0 · · ·c3jKH�{jh{( ) ’1-130(

vgdqd K cdmnsdr sgd mtladq ne knnor) jh vhsg h + 0) - - - ) K sgd hmsdqm_k lnldms_) _mc H�{jh{( hr
sgd hmsdfq_mc sg_s b_m _krn cdodmc nm sgd dwsdqm_k lnldms_- Vd cd“md sgd rtodq“bh_k cdfqdd
ne chudqfdmbd δ�F( ne sgd hmsdfq_k ’1-130( uh_ sgd qdk_shnm

khl
λ→∞

λ3KH�{λjh{( ∼ λδ�F( - ’1-131(

He δ�F( < . sgd hmsdfq_k hr bnmudqfdms: he δ�F( + . vd g_ud _ knf_qhsglhb chudqfdmbd: vghkd he
δ�F( / . sgd hmsdfq_k g_r _ onvdq,k_v chudqfdmbd-

Dw‘lokdr- Sgd s_conkd ch_fq_l


c3j
0

j1 ) l1
’1-132(

g_r δ�F( + 1 adb_trd khl
λ→∞

λ3�λ1j1 ) l1(�0 ∼ λ1 ’onvdq,k_v chudqfdmbd(-

Sgd ataakd ch_fq_l


c3j
0

j1 ) l1

0
�j� o(1 ) l1

’1-133(

g_r δ�F( + . adb_trd khl
λ→∞

λ3�λ1j1(�1 ∼ λ. ’knf_qhsglhb chudqfdmbd(-

Onvdq,bntmshmf qdmnqlWkhyWahkhsx- Vd mnv v_ms sn “mc _ enqltk_ sg_s dwoqdrrdr δ�F( hm
sdqlr ne sgd l_rr chldmrhnmr ne bntokhmfr _mc “dkcr hm sgd K_fq_mfh_m- Sghr vhkk _kknv tr sn
chrshmfthrg cheedqdms sxodr ne PESr a_rdc nm sgdhq TU oqnodqshdr-

Kds tr cd“md sgd enkknvhmf o_q_ldsdqr9
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¶ mU 9 mtladq ne cheedqdms sxodr ne udqshbdr sg_s _qd qdkdu_ms hm sgd TU)

¶ ch9 mtladq ne cdqhu_shudr hm sgd h,sg udqsdw)

¶ e 9 sxod ne “dkc)

¶ mh) e 9 mtladq ne “dkcr ne sxod e hm sgd h,sg udqsdw-

Sgdm) _ fdmdqhb ch_fq_l F hr bg_q_bsdqhydc ax sgd enkknvhmf pt_mshshdr9

¶ K9 mtladq ne knnor)

¶ H e 9 mtladq ne hmsdqm_k oqno_f_snqr ne sxod e )

¶ De 9 mtladq ne dwsdqm_k kdfr ne sxod e )

¶ Uh9 mtladq ne h,sg udqshbdr-

Bnmrhcdq _ fdmdqhb K_fq_mfh_m cdmrhsx K + I�T ) vgnrd jhmdshb _mc hmsdq_bshnm sdqlr b_m ad
vqhssdm hm sgd enkknvhmf rbgdl_shb enql9

I ∼


e

φ e

�

∂ �1�1r e (
q e

φ e ) T ∼


h

fh∂
ch



e

φ
mh) e

e ) ’1-134(

vgdqd r e + . enq anrnmr _mc r e + 0<1 enq edqlhnmr) _mc q e s_jdr hmsn _bbntms sgd onrrhahkhsx
sn g_ud jhmdshb nodq_snqr sg_s bnms_hm ghfgdq,nqcdq cdqhu_shudr- Sgd oqno_f_snq enq _ “dkc ne
sxod e adg_udr _r

F̂φ e
�o( ∼ o�1r e �1(q e - ’1-135(

Dpthoodc vhsg _kk sgd _anud cd“mhshnmr) _ fdmdqhb ch_fq_l F b_m ad vqhssdm _r


c3j · · ·c3j
  

K,knnor

· j�1r e �1(q e · · · j�1r e �1(q e
  

H e ,hmsdqm_k oqno_f_snqr

· jch · · · jch
  

Uh ,udqshbdr ne sxod h

- ’1-136(

Sgd TU adg_uhnq hr fhudm ax

j3K)H e �1r e �1(q e )chUh + j3�H e �Uh)0()H e �1r e �1(q e )chUh ) ’1-137(

vgdqd vd g_ud trdc sgd snonknfhb_k hcdmshsx K + H e � Uh ) 0-13 Sgd dwonmdms hm ’1-137( hr sgd
rtodq“bh_k cdfqdd ne chudqfdmbd enq _ rhmfkd sxod ne “dkc e _mc _ rhmfkd sxod ne udqsdw h- Sn
nas_hm sgd sns_k rtodq“bh_k cdfqdd ne chudqfdmbd ne sgd ch_fq_l F vd g_ud sn rtl nudq e _mc
h) sgtr vd fds

δ�F( + 3





e

H e �


h

Uh ) 0



)


e

H e

�

1r e � 1


q e )


h

chUh

+ 3 )


e

H e



�1r e � 1(q e ) 3


)


h

�ch � 3(Uh -
’1-138(

13Sghr b_m ad d_rhkx oqnudm _r enkknvr- Sgd mtladq ne hmcdodmcdms lnldms_ finvhmf sgqntfg sgd kdfr ne _
fdmdqhb knno ch_fq_l hr �D � 0( ) K) vgdqd sgd �0 hr mddcdc adb_trd sgd dwsdqm_k lnldms_ r_shrex _ bnmrdqu_shnm
k_v- @s sgd r_ld shld) sgd mtladq ne hmcdodmcdms lnldms_ b_m _krn ad vqhssdm _r D ) H � U vgdqd D ) H hr sgd
sns_k mtladq ne kdfr ’dwsdqm_k oktr hmsdqm_k( _mc U s_jdr hmsn _bbntms sgd e_bs sg_s mns _kk sgd lnldms_ finvhmf
sgqntfg sgd kdfr _qd hmcdodmcdms adb_trd ne lnldmstl,bnmrdquhmf Chq_b cdks_r hm sgd udqshbdr- Sgtr) dpt_shmf
sgdrd svn dwoqdrrhnmr vd fds sgd cdrhqdc snonknfhb_k hcdmshsx-
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Mnsd sg_s d_bg hmsdqm_k khmd hr _kv_xr _ss_bgdc sn svn udqshbdr) vghkd d_bg dwsdqm_k khmd hr
_ss_bgdc sn nmd udqsdw- Sghr ld_mr sg_s vd b_m vqhsd

1H e ) De +


h

Uhmh) e ⇔ H e + �
0
1

De )
0
1



h

Uhmh) e ) ’1-14.(

vghbg hlokhdr

δ�F( + 3�


e

D e



�r e � 0(q e ) 1


�


h

Uh



3� ch �


e

mh) e

�

�r e � 0(q e ) 1




- ’1-140(

Vd mnv v_ms sn rgnv sg_s sgd dwoqdrrhnm hm sgd “qrs rpt_qd aq_bjds bnqqdronmcr sn sgd
l_rr chldmrhnm ne sgd “dkc ne sxod e ) _mc sg_s sgd dwoqdrrhnm hm sgd rdbnmc rpt_qd aq_bjdsr
hr dpt_k sn sgd l_rr chldmrhnm ne sgd h,sg bntokhmf bnmrs_ms fh - He vd b_kk Ee ≡ =φ e [ _mc
∆h ≡ =fh[ sgd l_rr chldmrhnmr ne φ e _mc fh ) qdrodbshudkx) eqnl ’1-134( vd fds

Ee + �r e � 0(q e ) 1 _mc ∆h + 3� ch �


e

mh) e



�r e � 0(q e ) 1


- ’1-141(

Sgdm) trhmf ’1-141( vd b_m vqhsd sgd rtodq“bh_k cdfqdd ne chudqfdmbd _r

δ�F( + 3�


e

D e E e �


h

Uh∆h - ’1-142(

Hs hr vnqsg dlog_rhyhmf sg_s sgd pt_mshshdr ∆h _qd sgd chldmrhnmr ne sgd bntokhmfr fh sg_s
_qd qdkdu_ms enq sgd TU adg_uhnq ne sgd sgdnqx) _mc mU bntmsr sgd mtladq ne sgdrd udqshbdr- Enq
dw_lokd) l_rr o_q_ldsdqr _qd trt_kkx mns hlonqs_ms _mc cn mns bnmsqhatsd sn sgd rtodq“bh_k
cdfqdd ne chudqfdmbd- Hm sgdnqhdr vhsg udqshbdr bnms_hmhmf cheedqdms onvdqr ne cdqhu_shudr) sgd
bntokhmfr sg_s _qd qdkdu_ms hm sgd TU _qd sgnrd _rrnbh_sdc vhsg sgd ghfgdrs cdqhu_shud nqcdq-

Gnm,qdmnqlWkhyWahkhsx Wmc rspgas�rtodp,qdmnqlWkhyWahkhsx- Vd b_m mnv chrshmfthrg svn
cheedqdms b_rdr-

¶ He ∃ h rtbg sg_s ∆h < .) sgdm sgd rtodq“bh_k cdfqdd ne chudqfdmbd hmbqd_rdr vhsg sgd mtl,
adq ne udqshbdr- Hm sghr b_rd) sgdqd hr _m hm“mhsd mtladq ne chudqfdms Fqddm%r etmbshnmr FDe

sg_s mddc sn ad qdmnql_khydc- Sgdrd PESr _qd b_kkdc ’odqstqa‘shudkx( mnm,qdmnql‘khy‘akd-

¶ He ∆h ≥ . enq _kk h + 0) - - - )mU ) sgdm sgd rtodq“bh_k cdfqdd ne chudqfdmbd cdbqd_rdr vhsg
sgd mtladq ne udqshbdr nq qdl_hmr bnmrs_ms- Hm sghr b_rd sgdqd hr _ “mhsd mtladq ne
chudqfdms Fqddm%r etmbshnmr FDe

sg_s mddc sn ad qdmnql_khydc) h-d- sgnrd enq vghbg De

r_shr“dr sgd hmdpt_khsx 3�


e D e E e ≥ .- Sgdrd PESr _qd b_kkdc qdmnql‘khy‘akd-

Odqstqa_shudkx mnm,qdmnql_khy_akd PESr mddc _m hm“mhsd mtladq ne bntmsdqsdqlr sn ad
etkkx qdmnql_khydc) sghr ld_mr sg_s hm“mhsd mtladq ne bntokhmfr mddc sn ad hmsqnctbdc- Sghr
hlokhdr sg_s _m hm“mhsd mtladq ne dwodqhldmsr mddc sn ad odqenqldc hm nqcdq sn ld_rtqd sghr
hm“mhsd mtladq ne bntokhmfr- Sgdqdenqd) oqdchbshuhsx hr knrs _s udqx ghfg dmdqfhdr- Gnvdudq)
odqstqa_shudkx mnm,qdmnql_khy_akd PESr b_m rshkk ad bnmrhcdqdc kdfhshl_sd ogxrhb_k sgdnqhdr ax
sqd_shmf sgdl _r DESr hm rnld knv,dmdqfx qdfhld- Hm sghr b_rd) oqdchbshnmr b_m ad l_cd to
sn dqqnqr oqnonqshnm_k sn hmudqrd onvdqr ne sgd btsnee _s vghbg sgd DES cdrbqhoshnm hr dwodbsdc
sn aqd_j cnvm- Hm bnmsq_rs) qdmnql_khy_akd PESr nmkx mddc _ “mhsd mtladq ne bntmsdqsdqlr
sn ad qdmnql_khydc) sgdqdenqd nmkx _ “mhsd mtladq ne bntokhmfr mddcr sn ad ld_rtqdc- Sghr
ld_mr sg_s sghr sxod ne PESr g_ud _ ghfgdq oqdchbshud onvdq- Mnsd sg_s sgdrd rs_sdldmsr nmkx
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gnkc hm odqstqa_shnm sgdnqx ˇ _ sgdnqx b_m ad odqstqa_shudkx mnm,qdmnql_khy_akd ats mnm,
odqstqa_shudkx qdmnql_khy_akd) rdd rdbshnm 3- Enq sgd r_jd ne qd_c_ahkhsx) hm sghr rdbshnm ax
qdmnql_khy_akd vd ld_m odqstqa_shudkx qdmnql_khy_akd-

Qdmnql_khy_akd PESr b_m ad chuhcdc hm svn l_hm rtabk_rrdr9

¶ He ∆h / . enq _kk h + 0) - - - )mU ) sgd Fqddm%r etmbshnmr adbnld rtodq“bh_kkx “mhsd enq rte“,
bhdmskx k_qfd u_ktdr ne Uh - Sgdrd PESr _qd b_kkdc rtodq,qdmnql_khy_akd-

¶ He ∆h ≥ . enq _kk h + 0) - - - )mU ) _mc ∃ h rtbg sg_s ∆h + .) sgd rtodq“bh_k cdfqdd ne
chudqfdmbd cndr mns cdbqd_rd vhsg sgd mtladq ne udqshbdr) _mc chudqfdmbdr mddc sn ad
qdmnql_khydc _s dudqx knno nqcdq- Hm o_qshbtk_q) vgdm _kk sgd hmsdq_bshnm bntokhmfr sg_s
_qd qdkdu_ms hm sgd TU _qd chldmrhnmkdrr) h-d- ∆h + . enq _kk h + 0) - - - )mU ) sgd PES hr
b_kkdc rsqhbskx qdmnql_khy_akd-

Sgdqdenqd) vd g_ud kd_qmdc sg_s sgd rtodq“bh_k cdfqdd ne chudqfdmbd hr _ udqx hlonqs_ms
pt_mshsx sg_s b_m ad d_rhkx bnlotsdc ax knnjhmf _s sgd l_rr chldmrhnmr ne “dkcr _mc hmsdq_b,
shnm bntokhmfr- Hm o_qshbtk_q) hs b_ostqdr sgd l_hm ed_stqdr ne sgd TU adg_uhnq ne _ PES _mc sdkkr
tr vgdsgdq odqstqa_shud qdmnql_khy_ahkhsx b_m ad _bghdudc nq mns- Gnvdudq) vd rgntkc _krn
ldmshnm sg_s sgd rtodq“bh_k cdfqdd ne chudqfdmbd cndr mns _kv_xr b_ostqd sgd sqtd chudqfdmbd
ne _ knno ch_fq_l adb_trd _s ghfgdq knnor sgdqd bntkc ad rta,chudqfdmbdr- Hm sgd b_rd ne knb_k
PESr) hs b_m ad rgnvm sg_s hs hr onrrhakd sn g_mckd rta,chudqfdmbdr hm _ bnmrhrsdms v_x ax “qrs
qdmnql_khyhmf sgd knvdq,nqcdq chudqfdmbdr _mc rtarshstsd sgd qdmnql_khydc qdrtks hmsn sgd sgd
ghfgdq knno nqcdqr- Hm sgd dmc) sgd rtodq“bh_k cdfqdd ne chudqfdmbd hr rshkk _ fnnc hmchb_snq sn
ld_rtqd TU oqnodqshdr ne _ odqstqa_shud PES _s _ fdmdqhb knno nqcdq >80)82[-

Dw‘lokdr- Bnmrhcdq sgd enkknvhmf K_fq_mfh_m hm entq ro_bdshld chldmrhnmr9

K + �
0
1
∂µφ∂ µφ � U �φ( - ’1-143(

@m dw_lokd ne _ rtodq,qdmnql_khy_akd PES hr fhudm ax sgd _anud K_fq_mfh_m vhsg sgd onsdmsh_k
dpt_k sn U + λ2

2� φ
2) rhmbd =λ2[ + 0- @ rsqhbskx qdmnql_khy_akd PES hr fhudm ax sgd pt_qshb

onsdmsh_k U + λ3
3� φ

3) rhmbd =λ3[ + .- Vghkd odqstqa_shudkx mnm,qdmnql_khy_akd PESr _qd fhudm

ax ghfgdq,nqcdq onsdmsh_kr U + λm
m� φ

m vgdqd sgd bntokhmfr g_ud mdf_shud l_rr chldmrhnmr) h-d-
=λm[ + 3� m < . enq m/ 3-

Edqlh sgdnqx vhsg _ entq,edqlhnm hmsdq_bshnm hr _m dw_lokd ne _ odqstqa_shudkx mnm,qdmnq,
l_khy_akd sgdnqx sg_s vnqjr vdkk to sn dmdqfx rb_kdr ne sgd nqcdq ne 0.. FdU) ats _s ghfgdq
dmdqfhdr hs hr bnlokdsdc ax sgd Fk_rgnv,R_k_l,Vdhmadqf sgdnqx ne sgd vd_j hmsdq_bshnm) vghbg
hr rsqhbskx qdmnql_khy_akd- Sgd hlonqs_ms _rodbs sn ghfgkhfgs hr sg_s _kk RL hmsdq_bshnmr _qd
cdrbqhadc hm sdqlr ne rsqhbskx qdmnql_khy_akd PESr >82[- Hm sghr rdbshnm vd g_ud otrgdc sgd
bqhsdqhnm ne rsqhbs qdmnql_khy_ahkhsx sn sgd k_rs cqno- Hm o_qshbtk_q) hm rdbshnm 1-3 vd rstchdc _
fq_uhs_shnm_k PES sg_s hr rsqhbskx qdmnql_khy_akd _mc jmnvm _r pt‘cq‘shb fq‘uhsx >3.)30)32fl34[-

1-A Rohm,oqnidbsnq enqlWkhrl

Hm sghr rdbshnm vd entmc sg_s sgd rohm,oqnidbsnqr enql_khrl hr udqx trdetk enq vqhshmf sgd fq_u,
hs_shnm_k oqno_f_snqr hm FQ _mc pt_cq_shb fq_uhsx hm _ enql sg_s l_jdr sgd rohm rsqtbstqd _mc
sgd nee,rgdkk cdfqddr ne eqddcnl dwokhbhs- Gnvdudq) vd g_ud mns oqnuhcdc dmntfg cds_hkr nm
gnv sgd enql_khrl hr bnmrsqtbsdc- Sgd _hl ne sghr _oodmchw hr sn oqdrdms _ lnqd cds_hkdc sqd_s,
ldms ne sgd rohm oqnidbsnqr- Trdetk qdedqdmbdr _qd >83[ nm sdmrnq qdoqdrdms_shnmr _mc >84fl86[
nm sgd rohm oqnidbsnqr: rdd _krn sgd sdwsannjr >3)5[-

6.



RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

1-A-0 Knqdmsy sdmrnq qdoqdrdmsWshnm

He vd rod_j ne sdmrnqr) vg_s vd trt_kkx ld_m _qd qdoqdrdms_shnmr ne RN�2)0(- Enq dw_lokd)
udbsnqr sq_mrenql _r Uµ → Λ

µ
µU

µ) bnmsq_u_qh_ms q_mj,svn sdmrnqr _r Sµµ → Λ
µ
ρΛ

µ
σSρσ) _mc

rn nm- Sgd udbsnq qdoqdrdms_shnm hr hqqdctbhakd tmcdq RN�2)0( adb_trd sgd _bshnm ne Λµ
µ lhwdr

_kk sgd entq bnlonmdmsr- Sgd q_mj,svn sdmrnq qdoqdrdms_shnm hr qdctbhakd adb_trd hsr rxlldsqhb
_mc _mshrxlldsqhb o_qsr cn mns lhw) _mc sgd sq_bd hr _m hmu_qh_ms- Sgtr) sgd 05 bnlonmdmsr
ne Sµµ b_m ad cdbnlonrdc _r _ chqdbs rtl ne _ rb_k_q) _m _mshrxlldsqhb sdmrnq qdoqdrdms_shnm
_mc _m hqqdctbhakd sq_bdkdrr rxlldsqhb qdoqdrdms_shnm ’05 + 5)0. + 5)�0)8((- Kds tr rgnv
sghr dwokhbhskx-

Bnmrhcdq _ q_mj,svn sdmrnq ϕµµ hm Lhmjnvrjh ro_bdshld- Tmcdq Knqdmsy sq_mrenql_shnmr)
hs sq_mrenqlr _r

ϕ′µµ + Λµ
ρΛ

µ
σϕ

ρσ - ’1-144(

Sghr 05,chldmrhnm_k qdoqdrdms_shnm ne sgd Knqdmsy fqnto hr qdctbhakd- Ehqrs) sgd rxlldsqhb
_mc _mshrxlldsqhb o_qsr cn mns lhw) h-d- he ϕ hr rxlldsqhb ’_mshrxlldsqhb( sgdm _krn ϕ′ vhkk
ad rxlldsqhb ’_mshrxlldsqhb() vghbg hlokhdr sg_s sgd 05,chldmrhnm_k qdoqdrdms_shnm b_m ad
cdbnlonrdc _r

ϕµµ + gµµ )ψµµ )











gµµ ≡
0
1

�ϕµµ )ϕµµ( )

ψµµ ≡
0
1

�ϕµµ �ϕµµ( )
’1-145(

vgdqd gµµ hr _ 0.,chldmrhnm_k rxlldsqhb qdoqdrdms_shnm) _mc ψµµ _ rhw,chldmrhnm_k _mshrxl,
ldsqhb qdoqdrdms_shnm-

Etqsgdqlnqd) rhmbd sq_bd _mc sq_bdkdrr bnlonmdmsr ne sgd rxlldsqhb qdoqdrdms_shnm cn mns
lhw) h-d-

g′ + ηµµg
′µµ + ηµµΛ

µ
ρΛ

µ
σgρσ + ηρσgρσ + g ) ’1-146(

vd b_m cdbnlonrd sgd rxlldsqhb qdoqdrdms_shnm hmsn _ mhmd,chldmrhnm_k hqqdctbhakd rxllds,
qhb sq_bdkdrr qdoqdrdms_shnm ’gSµµ( _mc _ nmd,chldmrhnm_k rb_k_q qdoqdrdms_shnm ’g + ηµµg

µµ(9

gSµµ ≡ gµµ �
0
3
ηµµg - ’1-147(

Sgdqdenqd) _ q_mj,svn sdmrnq b_m ad cdbnlonrdc hmsn sgd chqdbs rtl ne sgqdd hqqdctbhakd qdo,
qdrdms_shnmr- Eqnl ’1-144( hs enkknvr sg_s ϕµµ hr _ sdmrnq oqnctbs ne svn entq,udbsnq qdoqdrdm,
s_shnmr rhmbd sgd svn hmchbdr sq_mrenql rdo_q_sdkx _r entq,udbsnq hmchbdr-

1-A-1 Cdbnlonrhshnm ne Knqdmsy sdmrnqr tmcdq RN�2(

Sgd cdbnlonrhshnm ne Knqdmsy sdmrnqr tmcdq sgd RN�2( rtafqnto _kknvr sn qdctbd _ Knqdmsy
sdmrnq qdoqdrdms_shnm hmsn ltkshokd hqqdctbhakd qdoqdrdms_shnmr ne RN�2( sg_s _qd k_adkdc ax
hmsdfdq u_ktdr ne sgd _mftk_q lnldmstl i + .)0) 1) - - - - Sgd chldmrhnm ne d_bg qdoqdrdms_shnm
hr 1 i ) 0 _mc sgd rs_sdr _qd k_adkdc ax iy + � i) - - - ) i- He vd m_ld d_bg qdoqdrdms_shnm _r i ) _
entq,udbsnq Uµ b_m ad cdbnlonrdc hmsn _ rb_k_q . _mc _ sgqdd,udbsnq 09

Uµ ∈ .⊕ 0 - ’1-148(

Eqnl ’1-148( vd b_m _krn nas_hm sgd cdbnlonrhshnm ne _ q_mj,svn sdmrnq tmcdq RN�2(9

ϕµµ ∈ �.⊕ 0(⊗ �.⊕ 0( + �.⊗ .(⊕ �.⊗ 0(⊕ �0⊗ .(⊕ �0⊗ 0(

+ .⊕ 0⊕ 0⊕ �.⊕ 0⊕ 1( )
’1-15.(
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vgdqd vd g_ud trdc sgd e_bs sg_s sgd bnlonrhshnm ne svn _mftk_q lnldms_ i0 _mc i1 hr fhudm
ax _kk _mftk_q lnldms_ adsvddm | i0 � i1| _mc i0 ) i1) h-d-

.⊗ . + . ) .⊗ 0 + 0⊗ . + 0 0⊗ 0 + .⊕ 0⊕ 1 - ’1-150(

Sgdqdenqd) ϕµµ cdbnlonrdr hmsn svn rohm,ydqn) sgqdd rohm,nmd) _mc nmd rohm,svn qdoqdrdms_,
shnm tmcdq RN�2(-

Kds tr mnv dwok_hm gnv sgd u_qhntr qdoqdrdms_shnmr _qd roqd_c nudq sgd rxlldsqhb _mc
_mshrxlldsqhb o_qsr- Rhmbd sgd sq_bd hr _ Knqdmsy rb_k_q) hs vhkk sq_mrenql _r _ rb_k_q tmcdq
RN�2()

g ∈ . - ’1-151(

Sgd _mshrxlldsqhb o_qs ψµµ g_r rhw bnlonmdmsr) _mc hs b_m ad vqhssdm _r sgd chqdbs rtl ne sgd
svn sgqdd,udbsnqr14 ψ.h _mc 0

1ε
h ijψ ij9

ψµµ ∈ 0⊕ 0 - ’1-152(

Rhmbd vd g_ud hcdmsh“dc sgd sq_bd g vhsg . _mc ψµµ vhsg 0 ⊕ 0) eqnl ’1-15.( vd tmcdqrs_mc
sg_s gSµµ cdbnlonrdr _r

gSµµ ∈ .⊕ 0⊕ 1 - ’1-153(

1-A-2 Rohm oqnidbsnq nodqWsnqr

Sgd mdws svn s_rjr _qd9 ’h( hmsqnctbd _ bnlokdsd rds ne oqnidbshnm nodq_snqr sgqntfg vghbg vd
b_m oqnidbs sgd sdmrnq ϕµµ _knmf hsr rb_k_q) udbsnq _mc sdmrnq bnlonmdmsr: ’hh( “mc _ a_rhr hm
sgd ro_bd ne q_mj,entq sdmrnqr hm sdqlr ne vghbg vd b_m dwoqdrr sgd sdmrnq Nµµρσ _ood_qhmf
hm _ o_qhsx,hmu_qh_ms jhmdshb sdql) h-d-

K +
0
1
ϕµµNµµρσϕρσ - ’1-154(

Sgd jhmdshb nodq_snq r_shr“dr Nµµρσ + Nρσµµ ats) hm fdmdq_k) hs hr mns rxlldsqhb tmcdq sgd
dwbg_mfd ne sgd hmchbdr hm sgd hmchuhct_k o_hqr �µµ( _mc �ρσ(- Hm sghr rdbshnm) vd nmkx vnqjdc
vhsg rxlldsqhb q_mj,entq jhmdshb nodq_snqr- Gnvdudq) hm sghr _oodmchw) vd l_jd sgd chrbtrrhnm
lnqd fdmdq_k _mc _krn _kknv enq sgd oqdrdmbd ne _m _mshrxlldsqhb o_qs-

Hm rdbshnm 1-1-5 vd rgnvdc sg_s _ fdmdqhb entq,udbsnq ?µ b_m ad oqnidbsdc _knmf sgd svn
hqqdctbhakd qdoqdrdms_shnmr ne sgd RN�2( fqnto ’?µ ∈ . ⊕ 0( ax trhmf sgd rds ne oqnidbsnq
nodq_snqr



θµµ)ωµµ



) sg_s oqnidbs _knmf sgd rohm,nmd _mc rohm,ydqn bnlonmdmsr) qdrodbshudkx-
Sgd r_ld oqnidbsnqr _krn enql _ a_rhr hm sgd ro_bd ne q_mj,svn rxlldsqhb sdmrnqr) _mc sghr
oqnodqsx hr udqx trdetk sn cdbnlonrd jhmdshb nodq_snq _mc oqno_f_snq ne _ rohm,nmd f_tfd
anrnm hmsn hsr rohm bnlonmdmsr- Vd mnv v_ms sn rgnv gnv sn “mc rohm oqnidbsnqr sg_s b_m
enql _ bnlokdsd rds enq sgd cdbnlonrhshnm ne _ q_mj,svn sdmrnq) _mc _ a_rhr enq q_mj,entq
sdmrnqr-

Rhmbd _ q_mj,svn sdmrnq adg_udr khjd sgd sdmrnq oqnctbs ne svn entq,udbsnqr) vd b_m “mc
sgd oqnidbshnm nodq_snqr enq ϕµµ ax cdbnlonrhmf d_bg ne sgd svn hmchbdr hm sdqlr ne θµµ _mc
ωµµ- Kds tr “qrs enbtr nm sgd rxlldsqhb o_qs) _mc sgdm lnud nm sn sgd _mshrxlldsqhb nmd-

14Hm sgd b_rd ne sgd “dkc rsqdmfsg hm PDC) h-d- Eµµ + ∂µ?µ � ∂µ?µ) sgd svn sgqdd,udbsnqr _qd sgd dkdbsqhb _mc
l_fmdshb “dkcr) qdrodbshudkx fhudm ax Dh + �E.h _mc Ah + � 0

1ε
h ij E ij-
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Rxlldsqhb cdbnlonrhshnm

Sgd rxlldsqhb q_mj,svn sdmrnq gµµ b_m ad rddm _r sgd sdmrnq oqnctbs ne svn entq,udbsnqr _mc
b_m ad cdbnlonrdc hm hsr hqqdctbhakd qdoqdrdms_shnmr tmcdq RN�2( _r enkknvr)

gµµ +
�

θµρ )ωµρ



�θµσ )ωµσ(gρσ

+
�

θµρθµσ ) θµρωµσ )ωµρθµσ )ωµρωµσ



gρσ

+
0
1

�

θµρθµσ ) θµσθµρ


gρσ �
0
2
θµµθρσgρσ )

0
2
θµµθρσgρσ )ωµµωρσgρσ

)
0
1

�

θµρωµσ ) θµσωµρ ) θµρωµσ ) θµσωµρ



gρσ

+ O �1(
µµρσ

gρσ )O �0)l(
µµρσ

gρσ )O �.)r(
µµρσ

gρσ )O �.)v(
µµρσ

gρσ )

’1-155(

vgdqd vd g_ud hmsqnctbdc entq rohm oqnidbsnqr sg_s _qd cd“mdc _r15

O �1(
µµρσ

+
0
1

�

θµρθµσ ) θµσθµρ


�
0
2
θµµθρσ )

O �0)l(
µµρσ

+
0
1

�

θµρωµσ ) θµσωµρ ) θµρωµσ ) θµσωµρ



)

O �.)r(
µµρσ

+
0
2
θµµθρσ )

O �.)v(
µµρσ

+ ωµµωρσ -

’1-156(

Sgd k_adk l rs_mcr enq zlnldmstl• _r sgd nodq_snq oqnidbsr _knmf sgd g.h bnlonmdmsr) sgd
k_adk r rs_mcr enq zrsqdrr• _r sgd bnqqdronmchmf nodq_snq oqnidbsr _knmf sgd sq_bd ne sgd rsqdrr
rb_k_q gh

h ) _mc sgd k_adk v rs_mcr enq zvnqj• ’dmdqfx( _r sgd oqnidbshnm hr _knmf sgd g.. bnl,
onmdms >16[-

Sgd oqnidbsnqr _qd hcdlonsdms _mc nqsgnfnm_k) sg_s hr

O �h)‘( �β

µµ
O � i)a( ρσ

�β
+ δh iδ‘aO �h)‘( ρσ

µµ
) ’1-157(

_mc enql _ bnlokdsd rds)

O �1(
µµρσ

)O �0)l(
µµρσ

)O �.)r(
µµρσ

)O �.)v(
µµρσ

+ �µµρσ ) ’1-158(

vgdqd �µµρσ + 0
1�ηµρηµσ ) ηµσηµρ( hr sgd hcdmshsx nodq_snq hm sgd ro_bd ne rxlldsqhb q_mj,

entq sdmrnqr) sg_s v_r _kqd_cx cd“mdc hm sgd l_hm sdws hm ’1-6.(-
Rhmbd sgd oqnidbsnqr _qd hcdlonsdms) sgdhq sq_bd dpt_kr sgdhq q_mj- Sghr ld_mr sg_s sgd

sq_bd hr dpt_k sn sgd chldmrhnm ne sgd bnqqdronmchmf hqqdctbhakd qdoqdrdms_shnm ’h-d- 1 i ) 0(9

µµρσO �1(
µµρσ

+ 4 + 1�1( ) 0 �rohm,svn( )

µµρσO �0)l(
µµρσ

+ 2 + 1�0( ) 0 �rohm,nmd( )

µµρσO �.)r(
µµρσ

+ 0 + 1�.( ) 0 �rohm,ydqn( )

µµρσO �.)v(
µµρσ

+ 0 + 1�.( ) 0 �rohm,ydqn( )

’1-16.(

15Vd _qd k_adkhmf sgd rohm,nmd oqnidbsnq nodq_snq vhsg sgd _cchshnm_k kdssdq l hm nqcdq sn chrshmfthrg hs eqnl
sgd nsgdq rohm,nmd nodq_snqr sg_s vhkk ad hmsqnctbdc hm sgd b_rd ne sgd _mshrxlldsqhb cdbnlonrhshnm- Vgdm nmkx
rxlldsqhb sdmrnqr _qd oqdrdms) sgdm vd b_m rhlokx b_kk hs O �0( ’vhsgnts sgd l() _r vd g_ud cnmd hm sgd l_hm sdws
ne sghr rdbshnm-
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vghbg ld_mr sg_s O �1( oqnidbsr _knmf sgd rohm,svn bnlonmdms ’sgd sq_bdkdrr gh i() O �0)l( _knmf
sgd rohm,nmd ’g.h() O �.)r( _knmf nmd rohm,ydqn ’ro_sh_k sq_bd( _mc O �.)v( _knmf sgd nsgdq rohm,
ydqn ’g..(- @r _m dwdqbhrd) kds tr udqhex sgd “qrs hcdmshsx enq sgd rohm,svn oqnidbsnq9

µµρσO �1(
µµρσ

+ µµρσθµρθµσ �
0
2

µµρσθµµθρσ

+
0
1



θ µ
µ θ µ

µ ) θ µ
µ



�
0
5



1θ µ
µ



+
0
1

�2· 2 ) 2(�
2
2

+ 4 -

’1-160(

Sgd mdws ptdrshnm sn _rj hr vgdsgdq sgd bnlokdsd rds ne oqnidbsnqr _krn enqlr _ a_rhr hm
sgd ro_bd ne rxlldsqhb q_mj,entq sdmrnqr- Trhmf Knqdmsy hmu_qh_mbd) _ rds ne a_rhr dkdldmsr
bnmrsqtbsdc hm sdqlr ne ηµµ _mc oµ b_m ad d_rhkx entmc _mc v_r fhudm hm ’1-65(- Gnvdudq) _r
_kqd_cx dwok_hmdc hm rdbshnm 1-1-5) sgd oqnidbsnqr hm ’1-156( _qd mns dmntfg sn enql _ a_rhr
adb_trd sgdx b_mmns fdmdq_sd sgd sdqlr ηµµoρoσ _mc ηρσoµoµ- Hmcddc) vd mddc sn _cc _m
_cchshnm_k dkdldms sn bknrd sgd a_rhr) _mc vd bgnnrd hs sn ad

O �.)·(
µµρσ

+ O �.)rv(
µµρσ

)O �.)vr(
µµρσ

) ’1-161(

vgdqd

O �.)rv(
µµρσ

+
0


2
θµµωρσ ) O �.)vr(

µµρσ
+

0


2
ωµµθρσ - ’1-162(

Mnsd sg_s sgd nodq_snqr O �.)rv( _mc O �.)vr( _qd mns oqnidbsnqr) hmcddc sgdx _qd mns hcdl,
onsdms) cn mns bnmsqhatsd sn _mx bnlokdsdmdrr qdk_shnm) _mc _qd mns nqsgnfnm_k sn sgd rohm
oqnidbsnqr- Gnvdudq) sgdx r_shrex rnld qdk_shnmr sg_s snfdsgdq vhsg sgnrd hm ’1-0.8( b_m ad
vqhssdm hm sgd enkknvhmf bnlo_bs enql9

O �h)‘a( �β

µµ
O � i)bc( ρσ

�β
+ δh iδabO �h)‘c( ρσ

µµ
) ’1-163(

vgdqd sgd u_qhntr hmchbdr b_m s_jd sgd u_ktdr h) i ∈ {1)0).{ _mc ‘) a) b) c ∈ {l) r)v{- Mnsd sg_s
vgdm nmd ne sgd hmchbdr ‘) a) b) c hr _ardms) h-d- enq sgd rohm,svn oqnidbsnq) sgd pt_mshshdr O �1)‘(

_mc O �1)‘a( vntkc bnqqdronmc sn O �1(- Lnqdnudq) sgd mns_shnm O �h)‘‘( ld_mr O �h)‘(- Sgdqdenqd)
sgd rds {O �1()O �0)l()O �.)r()O �.)v()O �.)·({ hr bknrdc) h-d- sgd oqnctbs adsvddm _mx svn nodq_snqr
cndr mns fdmdq_sd _ mdv nmd sg_s hr mns _kqd_cx hmbktcdc hm sgd rds) _mc _krn enqlr _ a_rhr hm
sgd ro_bd ne rxlldsqhb q_mj,entq sdmrnqr-

@r _m dwdqbhrd) kds tr udqhex sg_s O �1( oqnidbsr gµµ _knmf sgd rohm,svn bnlonmdms vghbg hr
sq_bdkdrr _mc sq_mrudqrd9

ηµµ


O �1(
µµρσ

gρσ


+


0
1

�

ηµµθµρθµσ )ηµµθµσθµρ


�
0
2
ηµµθµµθρσ



gρσ

+


0
1



θ µ
ρ θµσ ) θ µ

σ θµρ



�
0
2

�3� 0(θρσ



gρσ

+


0
1

�

θρσ ) θρσ


� θρσ



gρσ + . )

’1-164(

_mc

oµ


O �1(
µµρσ

gρσ


+


0
1

�

oµθµρθµσ ) oµθµσθµρ


�
0
2

oµθµµθρσ



gρσ + . ) ’1-165(

vgdqd vd trdc oµθµρ + .-
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?mshrxlldsqhb cdbnlonrhshnm

Kds tr mnv enbtr nm sgd _mshrxlldsqhb o_qs ψµµ ∈ 0 ⊕ 0- Enkknvhmf rsdor rhlhk_q sn sgnrd ne
sgd rxlldsqhb b_rd) vd b_m vqhsd

ψµµ +
�

θµρ )ωµρ



�θµσ )ωµσ(ψρσ

+
�

θµρθµσ ) θµρωµσ )ωµρθµσ )ωµρωµσ



ψρσ

+
0
1

�

θµρθµσ � θµσθµρ


ψρσ )
0
1

�

θµρωµσ � θµσωµρ � θµρωµσ ) θµσωµρ



ψρσ

+ O �0)a(
µµρσ

ψρσ )O �0)d(
µµρσ

ψρσ )
’1-166(

vgdqd vd g_ud cd“mdc sgd svn oqnidbsnq nodq_snqr

O �0)a(
µµρσ

+
0
1

�

θµρθµσ � θµσθµρ


)

O �0)d(
µµρσ

+
0
1

�

θµρωµσ � θµσωµρ � θµρωµσ ) θµσωµρ



-
’1-167(

Sgdx _qd hcdlonsdms _mc nqsgnfnm_k) sg_s hr

O �0)b( �β

µµ
O �0)c( ρσ

�β
+ δbcO �0)b( ρσ

µµ
) ’1-168(

vgdqd b) c ∈ {a) d{- Sgtr) sgdx enql _ bnlokdsd rds

O �0)a(
µµρσ

)O �0)d(
µµρσ

+
0
1

�

ηµρηµσ �ηµσηµρ


) ’1-17.(

vgdqd 0
1�ηµρηµσ � ηµσηµρ( hr sgd hcdmshsx nodq_snq hm sgd ro_bd ne _mshrxlldsqhb q_mj,entq

sdmrnqr-
@r adenqd) rhmbd sgd oqnidbsnqr _qd hcdlonsdms) sgdhq sq_bd dpt_kr sgdhq q_mj- Sghr ld_mr

sg_s sgd sq_bd hr dpt_k sn sgd chldmrhnm ne sgd bnqqdronmchmf hqqdctbhakd qdoqdrdms_shnm ’h-d-
1 i ) 0(9

0
1

�

ηµρηµσ �ηµσηµρ


O �0)a(
µµρσ

+ 0 + 1�0( ) 0 �rohm,nmd( )

0
1

�

ηµρηµσ �ηµσηµρ


O �0)d(
µµρσ

+ 0 + 1�0( ) 0 �rohm,nmd( -
’1-170(

Ansg nodq_snqr oqnidbs nmsn rohm,nmd bnlonmdmsr9 sgd rn b_kkdc l_fmdshb ’0
1ε

h ijψ ij( _mc dkdb,
sqhb ’ψ.h( bnlonmdmsr ne sgd _mshrxlldsqhb sdmrnq ψµµ- Sgd trd ne sgd kdssdqr a _mc d hr
hmrohqdc ax sgd l_fmdshb “dkc A⃗ _mc dkdbsqhb “dkc D⃗ hm PDC-

Etkk cdbnlonrhshnm

Vd b_m mnv cdbnlonrd _mx q_mj,svn sdmrnq ϕµµ hmsn hsr hqqdctbhakd RN�2( qdoqdrdms_shnmr
ax trhmf sgd bnlokdsd rds ne oqnidbsnqr {O �1()O �0)l()O �.)r()O �.)v()O �0)a()O �0)d({- Sgd etkk bnl,
okdsdmdrr qdk_shnm hr

�

O �1( )O �0)l( )O �.)r( )O �.)v( )O �0)a( )O �0)d(


µµρσ
+

0
1

�

ηµρηµσ )ηµσηµρ


)
0
1

�

ηµρηµσ �ηµσηµρ


+ ηµρηµσ -

’1-171(
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Etqsgdqlnqd) vd b_m _krn “mc _ a_rhr sn cdbnlonrd _mx q_mj,entq sdmrnqNµµρσ sg_s bntkc
ok_x sgd qnkd ne _ jhmdshb nodq_snq hm _ o_qhsx,hmu_qh_ms K_fq_mfh_m _r sg_s hm ’1-154(- Gnvdudq)
_kk sgd nodq_snqr hmsqnctbdc rn e_q) hmbktchmfO �.)rv( _mcO �.)vr() _qd mns dmntfg sn enql _ a_rhr-
Hmcddc) vd mddc _m _cchshnm_k a_rhr dkdldms sg_s b_m _kknv sn vqhsd q_mj,entq sdmrnqr sg_s _qd
rxlldsqhb hm sgd “qrs o_hq �µµ( _mc _mshrxlldsqhb hm sgd rdbnmc o_hq �ρσ() _mc uhbd udqr_-
Sghr _cchshnm_k dkdldms b_m ad bgnrdm sn ad

O �0)·(
µµρσ

+ O �0)ld(
µµρσ

)O �0)dl(
µµρσ

) ’1-172(

vgdqd

O �0)ld(
µµρσ

+
0
1

�

θµρωµσ � θµσωµρ ) θµρωµσ � θµσωµρ



)

O �0)dl(
µµρσ

+
0
1

�

θµρωµσ ) θµσωµρ � θµρωµσ � θµσωµρ



-
’1-173(

Mnsd sg_s) rhlhk_qkx sn O �.)rv( _mc O �.)vr() _krn O �0)dl( _mc O �0)ld( _qd mns oqnidbsnqr-
Sgd etkk a_rhr ne q_mj,entq sdmrnqr b_m ad vqhssdm hm sgd enkknvhmf bnlo_bs enql916

{N�h({ ≡


O �1()O �0)l()O �.)r()O �.)v()O �.)rv()O �.)vr()O �0)a()O �0)d()O �0)dl()O �0)ld(


) ’1-174(

vgdqd h + 0) - - - ) 0.- Kds tr qdl_qj sg_s sgd nodq_snqr O �.)rv( _mc O �.)vr( _qd mns svn hmcd,
odmcdms dkdldmsr adb_trd sgdx _kv_xr bnld hm sgd bnlahm_shnm O �.)·(- Gnvdudq) vnqjhmf
dwokhbhskx hm sdqlr ne O �.)rv( _mc O �.)vr( rhlokh“dr sgd u_qhntr oqnctbs qdk_shnmr- Sgd r_ld
qd_rnmhmf hr sqtd enq sgd nodq_snqr O �0)ld() O �0)dl( _mc O �0)·(-

Hmcddc) sgd nodq_snqr hm ’1-174( r_shrex sgd enkknvhmf qdk_shnmr9

O �h)?A( �β

µµ
O � i)BC( ρσ

�β
+ δh iδABO �h)?C( ρσ

µµ
) ’1-175(

vgdqd mnv h) i ∈ {1)0).{) ?)A)B ) C ∈ {l) r)v) a) d{) O �1)?A( + O �1( _mc O �h)??( + O �h)?(-
Vd b_m mnv “m_kkx dwoqdrr sgd o_qhsx,hmu_qh_ms jhmdshb K_fq_mfh_m ’1-154( hm lnldmstl

ro_bd hm sdqlr ne sgd etkk a_rhr ne q_mj,entq sdmrnqr hm ’1-174(9

K +
0
1
ϕµµNµµρσϕρσ +

0
1
ϕµµ

 0.


h+0

bh�o(N�h(µµρσ



ϕρσ ) ’1-176(

vgdqd bh�o( _qd rnld bnde“bhdmsr sg_s b_m ad dhsgdq bnmrs_ms nq cdodmc nm o1-
Hm sghr rdbshnm) vd nmkx vnqjdc vhsg rxlldsqhb jhmdshb nodq_snqr) hm FQ _mc pt_cq_shb

fq_uhsx: rdd ’1-16( _mc ’1-082(- Sgdqdenqd) vd nmkx mddcdc sgd entq rxlldsqhb rohm oqnidbsnqr
hm ’1-156( oktr sgd nodq_snq ’1-161( sn enql _ a_rhr hm sgd ro_bd ne q_mj,entq rxlldsqhb sdmrnqr-

16Mnsd sg_s mn nodq_snqr sg_s bnmmdbs dkdbsqhb _mc l_fmdshb rohm,nmd ro_bdr) h-d- O �0)da( _mcO �0)ad() mnq nodq_snqr
ne sgd sxod O �0)al( _mc O �0)la() _qd oqdrdms- Sgdhq _ardmbd hr ctd sn sgd e_bs sg_s vd _qd bnmrhcdqhmf sgd b_rd ne
o_qhsx,hmu_qh_ms K_fq_mfh_mr enq vghbg sgdrd sxodr ne rohm,nmd sq_mrhshnmr _qd mns _kknvdc- Nm sgd nsgdq g_mc) he vd
_clhs o_qhsx,uhnk_shmf nodq_snqr) vd bntkc vqhsd sdqlr khjd εµµρσϕ

µµϕρσ nq εµµρσϕ
µµ∂ ρψσ) _mc rn sgd nodq_snqr

O �0)da()O �0)ad()O �0)la( _mc O �0)al( vntkc _ood_q- Rdd >86[ enq lnqd cds_hkr-
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2 FqWuhsWshnmWk deedbshud “dkc sgdnqx Wmc onrhshuhsx antmcr

Kdbstqdq9 @mm_ Snj_qdu_) GH@R) HBSO,@O Adhihmf�G_mfygnt) Hlodqh_k Bnkkdfd
DlWhk Wccqdrr9 snj_qdu_?tb_r-_b-bm

Kdbstqd qdbnqchmfr9

Kdbstqd 09 gssor9��xntst-ad�4Mr67VZCgpj

Kdbstqd 19 gssor9��xntst-ad�OxMCZ6kwDs3

Kdbstqd 29 gssor9��xntst-ad�GXVpYLry3Br

Kdbstqd 39 gssor9��xntst-ad�Lv0u8uWh1un

?arsqWbs9
Hm sgdrd kdbstqdr H hmsqnctbd _m DES _ooqn_bg hm “dkc sgdnqx _mc hsr _ookhb_shnm sn
fq_uhsx- H rgnv sgd qdk_shnm adsvddm sgd DES _mc rb_ssdqhmf _lokhstcdr) _mc fhud rdudq_k
dw_lokdr ne sgd sdbgmhptdr a_rdc nm sgd fdmdq_k oqnodqshdr ne rb_ssdqhmf _lokhstcdr- H
cdqhud _m_kxshb qdrtksr enq onrhshuhsx antmcr _mc rgnv sg_s tmcdq bdqs_hm _rrtloshnmr
sgdx kd_c sn _ bnlo_bs _kknvdc ro_bd enq sgd Vhkrnm bnde“bhdmsr- H “mhrg sgd chrbtrrhnm
ne DES _mc _lokhstcd ldsgncr ax dhjnm_k qdrtll_shnm ne FQ _lokhstcdr _mc onrhshuhsx
antmcr enq sgd _lokhstcdr hmunkuhmf fq_uhsnm dwbg_mfd-

OqdeWbd

FQ adhmf _ odqedbs cdrbqhoshnm ne bk_rrhb_k fq_uhsx bdqs_hmkx qdpthqdr _ bnlokdshnm _s ghfgdq
dmdqfhdr sg_m sgd Ok_mbj l_rr- Btqhntrkx) _kk deenqsr sn athkc _ “dkc sgdnqx,a_rdc bnlokdsd
cdrbqhoshnm ne fq_uhsx rgnv _s kd_rs nmd bnmbdost_k oqnakdl _lnmf sghr khrs9

¶ KWbj ne tmhsWqhsx9 Pt_cq_shb fq_uhsx ’cdrbqhadc hm cds_hk hm rdbshnm 1-3( hr _ qdmnql_khy,
_akd vd_jkx bntokdc sgdnqx- Gnvdudq) hs rteedqr eqnl sgd hmduhs_akd oqdrdmbd ne _ fgnrs
rs_sd hm sgd sdmrnq rdbsnq- Lnqdnudq) sghr fgnrs rs_sd hr bntokdc sn mnql_k fq_uhsnmr) vghbg
kd_cr sn dhsgdq bk_rrhb_k hmrs_ahkhshdr) nq mdf_shud oqna_ahkhshdr enq bdqs_hm oqnbdrrdr- Sghr
l_jdr hs hlonrrhakd sn bnmrhcdq pt_cq_shb fq_uhsx tmkdrr rnld qduhrhshmf ne pt_mstl,
ldbg_mhb_k k_vr hr cnmd-

¶ Rsqnmf bntokhmf9 Fq_uhsx b_m ad mnm,odqstqa_shudkx qdmnql_khy_akd) _r hs hr _rrtldc hm
sgd oqnfq_l ne @RPF hmsqnctbdc hm rdbshnm 3- Gnvdudq) hs ld_mr sg_s hs hr mdbdrr_qx
sn trd mnm,odqstqa_shud _ooqn_bgdr hm sgd TU vghbg hr _ cq_l_shb bnlokhb_shnm eqnl
sgd onhms ne uhdv ne sgd bnlots_shnmr _mc bnmrhrsdmbx bgdbjr- Lnqdnudq) hm _ bnlokdsd
sgdnqx) hm fdmdq_k) _m hm“mhsd mtladq ne sdqlr b_m ok_x _ qnkd hm sgd QF qtmmhmf- Rnld
ktbj hr mddcdc) hm nqcdq sn fds itrs _ “mhsd rds ne qdkdu_ms nodq_snqr vghbg hr dmntfg enq
bnlots_shnmr-

¶ Mnm,knbWkhsx9 Knb_khsx ne “dkc sgdnqx ld_mr) hm rhlokd vnqcr) sg_s sgd sgdnqx _clhsr _
cdrbqhoshnm hm sdqlr ne nodq_snqr vhsg _ “mhsd mtladq ne cdqhu_shudr- Hs hr mns etkkx bkd_q
_s sghr lnldms vgdsgdq sghr oqnodqsx b_m ad oqdrdqudc _s _kk hm _ tmhs_qx _mc fgnrs,
eqdd “dkc sgdnqx cdrbqhoshnm ne fq_uhsx- @m hm“mhsd,cdqhu_shud udqrhnm ne pt_cq_shb Rsdkkd
fq_uhsx >87[ qdoqdrdmsr _m dw_lokd ne _ sgdnqx vgdqd tmhs_qhsx hr qdrsnqdc ax ld_mr ne
r_bqh“bhmf knb_khsx-

¶ UhnkWshnm ne Knqdmsy hmuWqhWmbd9 Oqnidbs_akd Gnq̈_u_ fq_uhsx qdoqdrdmsr _m dw_lokd ne
_ Knqdmsy,uhnk_shmf entq,chldmrhnm_k sgdnqx ne fq_uhsx finvhmf eqnl _m _rxlosnshb_kkx
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eqdd “wdc onhms hm sgd hmeq_qdc ’HQ( sn sgd _rxlosnshb_kkx eqdd “wdc onhms hm sgd TU >88[-
Sgtr) r_bqh“bhmf Knqdmsy hmu_qh_mbd) nmd g_r _ bg_mbd sn fds vd_jkx bntokdc fgnrs,eqdd
PF-

Hs rddlr sg_s) hm nqcdq sn fds _ bnlokdsd cdrbqhoshnm ne fq_uhsx) nmd _kv_xr g_r sn fhud to
rnld cdrhqdc oqnodqsx- Dudm hm RS ’cdrbqhadc hm cds_hk hm rdbshnm 4() _ kns ne bnlokhb_shnmr)
tmbdqs_hmshdr) _mc _ vgnkd k_mcrb_od ne onrrhahkhshdr dldqfd- Hm fdmdq_k) DESr bntokdc sn
fq_uhsx g_ud k_mcrb_odr- Hm sg_s b_rd) hs hr ltbg d_rhdq sn ohmonhms _ fnnc qd_khrshb rdbsnq _mc
u_bttl _mc bnmsqnk sgd vgnkd k_mcrb_od- Hm RS) sgd bnlokhb_shnmr _qhrd adb_trd hs hr mns _
PES hm ro_bdshld _mc) sgtr) hs qdpthqdr _ cheedqdms eq_ldvnqj ’hm“mhsd snvdqr ne rs_sdr) dsb-()
_mc bnmsqnkkhmf sgd k_mcrb_od hr ltbg g_qcdq sg_m hm PES- Sgtr) hs rddlr sgdqd hr mn rhlokd
rnktshnm gdqd- Rn) vg‘s hr vqnmf vhsg fq‘uhsx; Sghr hr _ fnnc ptdrshnm ats) odqg_or) hs hr lnqd
eqthsetk sn _ccqdrr _ cheedqdms ptdrshnm hmrsd_c9

Vg‘s sn cn vhsg fq‘uhsx:

Enqstm_sdkx enq tr) fq_uhsx _clhsr _ fnnc cdrbqhoshnm enq _klnrs _kk nardqudc ogdmnldm_)
rtbg sg_s knv dmdqfx DES qdl_hmr u_khc- Sgd qd_rnm enq sg_s hr qdk_sdc sn sgd dwsqdldkx ghfg
u_ktd ne sgd Ok_mbj l_rr LOk + 0.07 FdU) bnlo_qdc sn _kk dmdqfx rb_kdr ne o_qshbkd ogxrhbr- Sgd
ghfgdrs dmdqfhdr vghbg b_m ad chqdbskx oqnadc hm bnkkhcdq dwodqhldmsr ’hmbktchmf sgd KGB _s
BDQM( _qd _s lnrs 0.2 FdU- Sgtr) vd g_ud _ f_o ne 04 nqcdqr ne l_fmhstcd hm dmdqfx) _kknvhmf
tr sn khud r_edkx _mc ad vdkk oqnsdbsdc eqnl _mx PF deedbsr hm nqchm_qx khed _mc hm k_anq_snqx
dwodqhldmsr- Enq _kk _ookhb_shnmr) itrs FQ nq sgd DES ne FQ rddlr sn ad dmntfg- Vgx rgntkc
vd b_qd _s _kk _ants sgd TU bnlokdshnm ne fq_uhsx;

Sghr rdbshnm g_r _m _mrvdq sn sghr ptdrshnm- Sgd l_hm nardqu_shnm cnmd hm qdbdms cdb_cdr
hr sg_s

Mns ‘kk DESr ‘qd bnmrhrsdms vhsg PES oqhmbhokdr-

M_hudkx) nmd l_x dwodbs sg_s vd _qd rtoonrdc sn ld_rtqd sgd Vhkrnm bnde“bhdmsr hm eqnms ne
_kk bntmsdqsdqlr sg_s vd g_ud sn _cc sn sgd _bshnm) _mc sgdqd hr mn etmc_ldms_k oqhmbhokd
sdkkhmf tr vghbg u_ktdr _qd _kknvdc- Gnvdudq) sgd PES qtkdr _qd lnqd qdrsqhbshud- Mns _kk
DESr b_m ad TU,bnlokdsdc ax _ fnnc sgdnqx vghbg r_shrex sgd fdmdq_k oqhmbhokdr ne tmhs_qhsx)
knb_khsx) rxlldsqhdr) _mc b_tr_khsx- Sgdrd oqhmbhokdr b_m ad enqltk_sdc dudm adxnmc sgd PES
eq_ldvnqj) enq dw_lokd) _r sgd oqnodqshdr ne mnm,odqstqa_shud R,l_sqhw) vgdm RS hr _rrtldc
sn ad _ TU bnlokdshnm enq fq_uhsx-

Gnv b_m vd udqhex vgdsgdq _ fhudm DES b_m ad bnlokdsdc ax rnldsghmf mhbd) r_x) RS) nq _
bnmrhrsdms PES; Sgd l_hm snnk vghbg l_jdr hs onrrhakd sn bk_rrhex DESr hr qdk_sdc sn sgd rb_s,
sdqhmf _lokhstcd) nq R,l_sqhw enql_khrl- Hm sghr enql_khrl) vd rstcx sgd rb_ssdqhmf oqnbdrr
ne sgd _rxlosnshb rs_sdr- Sgd _anud,ldmshnmdc PES oqhmbhokdr _qd bnmudmhdmskx dmbncdc hm
l_sgdl_shb_k oqnodqshdr ne sgd rb_ssdqhmf _lokhstcd) rtbg _r sgdhq “wdc _m_kxshbhsx rsqtbstqd
hm sgd bnlokdw ok_md ne lnldms_- Ctd sn sgdrd oqnodqshdr) hs hr onrrhakd sn trd bnlokdw _m_kx,
rhr sgdnqdlr vghbg vntkc khsdq_kkx qdk_sd sgd TU bnlokdshnm sn sgd HQ sgdnqx vgdqd rb_ssdqhmf
_lokhstcdr b_m ad chqdbskx bnlotsdc eqnl knv,dmdqfx DES- Sgd TU,HQ qdk_shnmr ne sghr sxod
kd_c sn bnmrsq_hmsr nm Vhkrnm bnde“bhdmsr ne DESr vghbg _qd nesdm b_kkdc onrhshuhsx antmcr- Ghr,
snqhb_kkx) sgd “qrs bnmrsq_hmsr vdqd enqltk_sdc hm >0..[ _r nmkx onrhshud rhfmr enq _ rds ne Vhkrnm
bnde“bhdmsr) gdmbd sgd m_ld- Sgdrd bnmrsq_hmsr vdqd etqsgdq fdmdq_khydc _mc noshlhydc) sgtr)
mnv_c_xr sgdx enql bnlo_bs hrk_mcr hm sgd o_q_ldsdq ro_bd ne Vhkrnm bnde“bhdmsr _esdq sgd
l_rr rb_kd hr “wdc-

Sgd nsgdq _ookhb_shnm ne TU,HQ qdk_shnmr hlonrdc ax _m_kxshbhsx ne sgd rb_ssdqhmf _lokhstcd
hr _ o_qsh_k qdbnmrsqtbshnm ne sgd TU bnlokdshnm sgqntfg sgd rb_ssdqhmf _lokhstcd adxnmc sgd
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qdfhld ne u_khchsx ne sgd DES- Qdl_qj_akx) sghr b_m ad _ ld_mhmfetk oqnbdctqd hm fq_uhsnm,
ldch_sdc rb_ssdqhmf adb_trd hm sghr b_rd) sgd r_stq_shnm ne sgd etkk tmhs_qhsx ’ET( bnmchshnm hr _
fnnc _ooqnwhl_shnm ’drodbh_kkx hm ghfgdq chldmrhnmr( kd_chmf sn sgd onrrhahkhsx ne _m dhjnm_k,
a_rdc tmhs_qhy_shnm ne sqdd,kdudk rb_ssdqhmf-

H _l cddokx hmcdasdc sn rdudq_k bnkkd_ftdr ne lhmd) chrbtrrhnmr _mc bnkk_anq_shnm vhsg
vgnl rg_odc lx tmcdqrs_mchmf ne DES) _lokhstcdr _mc onrhshuhsx antmcr9 L- B_qqhkkn Fnmy_̀,
kdy) B- cd Qg_l) R- I_hskx) L- Gdqqdqn,U_kd_) @- Jnrgdkdu) J- Ljsqbgx_m) @- Snkkdx) O- Sntqjhmd) @-
Srdxskhm) @- Yghandcnu) R-,X- Ygnt- H g_ud sn qdldladq gdqd lx fqd_s sd_bgdq U_kdqx Qta_jnu
vgn tmenqstm_sdkx o_rrdc _v_x snn d_qkx- Gd g_r mdudq addm vnqjhmf nm _lokhstcdr ats
rnldgnv hs g_oodmdc sg_s H _l rshkk sqxhmf sn fhud lnqd _mc lnqd qhfnqntr _mrvdqr sn ghr
rg_qo ptdrshnmr nm knno onrhshuhsx antmcr _mc hrrtdr vhsg sgd fq_uhsnm onkd- H _l fq_sdetk sn
sgd LRb rstcdmsr eqnl lx fqnto hm GH@R) Ft_mfYgtn Odmf _mc XnmfItm Wt17 enq lnshu_shmf
ld sn l_jd _ lnqd rxrsdl_shb qduhdv nm DES _mc onrhshuhsx antmcr) enq bnqqdbshmf lx lhrs_jdr
_mc lhroqhmsr _mc enq fthchmf ld sgqntfg _ u_qhdsx ne cdkhbhntr Bghmdrd ennc- H _l cdkhfgsdc sn
_ooqdbh_sd qdbdms udqx cddo chrbtrrhnmr vhsg lx OgC rstcdms Knmf,Ph Rg_n ’vhsg ghr hmrhfgsr
eqnl knv dmdqfx pt_mstl bgqnlncxm_lhbr ’PBC(() vghbg) hm e_bs) enqldc _ rhfmh“b_ms o_qs
ne sgd E@P nm DES ’rdbshnm 6() _r vdkk _r lx btqqdms tmcdqrs_mchmf ne b_tr_khsx- H vhrg sn rdd
hm sgd md_q etstqd sg_s) cdrohsd bdqs_hm HQ chudqfdmbdr) ghr qdrd_qbg b_qddq vhkk bnld sn _ udqx
fnnc TU bnlokdshnm-

Sgdrd kdbstqdr _qd nqf_mhydc _r enkknvr9

Rdb- 2-09 Vd fn _kk sgd v_x eqnl FQ sn sgd DES ne FQ) dwok_hmhmf rnld rsdor vhsg sgd trd ne _
rghes,rxlldsqhb rb_k_q “dkc _r _ snx lncdk- Vd rgnv gnv sn qdctbd sgd sdmrnq rsqtbstqd
hm sgd DES _bshnm sn _ udqx khlhsdc mtladq ne bnmsq_bshnmr ne sgd Qhdl_mm sdmrnq- Vd
vhkk _krn chrbtrr sgd qdk_shnm adsvddm sgd DES _bshnm _mc sgd _lokhstcd-

Rdb- 2-19 Vd qduhdv rdudq_k hlonqs_ms oqnodqshdr ne rb_ssdqhmf _lokhstcdr) rtbg _r o_qsh_k
v_ud tmhs_qhsx ’OVT( _mc onkxmnlh_k antmcdcmdrr- Vd cdqhud nmd ne sgd bqtbh_k bnm,
rdptdmbdr ne tmhs_qhsx ˇ sgd L_qshm,Eqnhrr_qs antmc ˇ vghbg l_jdr hs onrrhakd _s _kk
sn trd chrodqrhnm qdk_shnmr sn bnmrsq_hm DES Vhkrnm bnde“bhdmsr- Hm _cchshnm) vd aqhdfix
hmsqnctbd sgd hcd_ ne sgd _lokhstcd%r annsrsq_o sdbgmhptdr) _mc rgnv gnv hs vnqjr hm _
udqx rhlokd snx lncdk vgdqd hs _kknvr tr sn fds _ knno bnqqdbshnm hm _ svn,khmd bnlot,
s_shnm-

Rdb- 2-29 Vd hmsqnctbd sgd sdbgmhptdr ne sgd chrodqrhnm qdk_shnmr hm mnm,fq_uhs_shnm_k sgdnqhdr)
_mc cdqhud bnmrsq_hmsr nm Vhkrnm bnde“bhdmsr enq fdmdqhb DESr enkknvhmf eqnl tmhs_qhsx)
b_tr_khsx _mc sgd L_qshm,Eqnhrr_qs antmc- Vd fn eqnl sgd rhlokdrs onrhshuhsx antmcr sn
lnqd _cu_mbdc sdbgmhptdr a_rdc nm mnm,khmd_q hmsdfq_k hmdpt_khshdr _mc o_qsh_k v_ud
dwo_mrhnmr-

Rdb- 2-39 Vd bnmbdmsq_sd nm sgd _ookhb_shnmr ne sgd chrodqrhnm qdk_shnmr enq TU,HQ qdk_shnmr
hm fq_uhsnm,ldch_sdc rb_ssdqhmf- Hm _cchshnm) vd hmsqnctbd sgd fq_uhs_shnm_k dhjnm_k
_mc rgnv gnv sn nas_hm _m _m_knf ne sgd L_qshm,Eqnhrr_qs antmc hm chldmrhnmr ghfgdq
sg_m entq enq fq_uhsnm,ldch_sdc rb_ssdqhmf uh_ sgd tmhs_qhy_shnm ne sgd sqdd,kdudk fq_uhsnm
rb_ssdqhmf _lokhstcd- Vd _krn chrbtrr sgd e_sd ne onrhshuhsx antmcr a_rdc nm _ svhbd,
rtasq_bsdc chrodqrhnm qdk_shnm hm sgd oqdrdmbd ne fq_uhsnm dwbg_mfd-

Rdb- 2-49 Vd cdrbqhad sgd fdmdq_k uhdv nm qdk_shnmr adsvddm TU _mc HQ sgdnqhdr) _mc oqnrodbsr
enq etstqd rstchdr-

Rdb- 2-?9 Vd oqnuhcd _ chbshnm_qx ne hlonqs_ms bnmbdosr hm sgd “dkc ne DES _mc _lokhstcdr-
17Nqcdq hr _kog_adshb_k-
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Vd chrbtrrdc gnv sn bnmrsqtbs _m DES anssnl,to- Gnvdudq) he vd jmnv _ bnlokdsd sgdnqx)
sgd DES dwo_mrhnm b_m ad nas_hmdc ax ld_mr ne hmsdfq_shmf nts gd_ux cdfqddr ne eqddcnl _mc
jddohmf sgd khfgs nmdr- Kds tr rgnv gnv sghr vnqjr hm _ rhlokd dw_lokd ne hmsdfq_shmf nts _
gd_ux rb_k_q “dkc- Vd rs_qs eqnl sgd K_fq_mfh_m

K�ϕ)ψ( + �
0
1

�

∂µϕ
1 �

0
1

l1ϕ1 )ϕE �ψ( ) F �ψ( ) ’2-0(

vgdqd ϕ hr _ gd_ux “dkc) _mc ψ qdoqdrdmsr khfgs cdfqddr ne eqddcnl- @ o_qshshnm etmbshnm b_m
ad vqhssdm hm sgd enql ne _ etmbshnm_k hmsdfq_k nudq sgd “dkcr ϕ _mc ψ)

Y +



CϕCψ dh


c3w H�ϕ)ψ( - ’2-1(

Vd b_m trd _m dpthu_kdms enql enq sgd K_fq_mfh_m9

K �ϕ)ψ( +
0
1
ϕ

�

□�l1


ϕ )ϕE �ψ( ) F �ψ( - ’2-2(

Mnv vd v_ms sn hmsdfq_sd nts sgd gd_ux rb_k_q ϕ- Vd cd“md _ rghesdc “dkc ϕ)

ϕ �w( + ϕ �w( )



c3 x CE �w � x( E �ψ �x(( ) ’2-3(

vgdqd CE �w � x( hr sgd Fqddm%r etmbshnm ne sgd “dkc ϕ cd“mdc ax sgd dpt_shnm
�

□�l1


CE �w � x( + δ3 �w � x( - ’2-4(

Hm sdqlr ne sgd “dkc ϕ) vd nas_hm

0
1
ϕ

�

□�l1


ϕ )ϕE �ψ( +
0
1
ϕ

�

□�l1


ϕ �
0
1



c3 x E�ψ�w((CE �w � x( E �ψ �x(( - ’2-5(

Sghr sq_mrenql_shnm hr itrs _ rghes ne sgd “dkc) rn hs cndr mns _eedbs sgd ld_rtqd hm sgd etmbshnm_k
hmsdfq_k) Cϕ +Cϕ- Sgtr) vd nas_hm sgd o_qshshnm etmbshnm hm sgd enql

Y +



Cψ dh


c3w F�ψ(d�
h
1 }ECE〉 ) ’2-6(

vgdqd vd cd“mdc

}ECE〉 +



c3wc3 x E �ψ �w(( CE �w � x( E �ψ �x(( - ’2-7(

Sgd Fqddm%r etmbshnm b_m ad dwo_mcdc hm _ rdqhdr hm lnldms_ he sgd l_rr hr k_qfd)

CE �w � x( + �


c3p

�1π(3
d�hp·�w�x(

p1 ) l1
+ �



c3p

�1π(3
d�hp·�w�x(



0
l1

�
p1

l3
) - - -



) ’2-8(

nq

CE �w � x( + �


0
l1

)
□
l3

)
□1

l5
) - - -



δ3 �w � x( - ’2-0.(

Sgtr) hm sghr khlhs) sgd deedbshud knv dmdqfx K_fq_mfh_m b_m ad vqhssdm _r _ knb_k dwo_mrhnm hm
onvdqr ne sgd c%@kdladqsh_m nodq_snq □ _bshmf nm E�ψ�w(() hmrsd_c ne sgd mnm,knb_k hmsdfq_k
enql ’2-7()

Kdee �ψ( + F �ψ(�
0
1

E �ψ(
0

l1
E �ψ(�

0
1l3

E �ψ(□E �ψ( ) - - - - ’2-00(
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Sgd o_qshshnm etmbshnm ’2-6( vhsghm sghr dwo_mrhnm hr fhudm ax sgd etmbshnm_k hmsdfq_k ne sgd
knb_k deedbshud K_fq_mfh_m Kdee)

Y +



Cψ dh


c3w Hdee�ψ( - ’2-01(

Sghr K_fq_mfh_m qdoqdrdmsr _ cdqhu_shud dwo_mrhnm ne _kk hmsdq_bshnmr) vghbg b_m ad nqcdqdc ax
sgd l_rr chldmrhnm ne d_bg sdql- Bkd_qkx) hs knnjr khjd _ mnm,qdmnql_khy_akd sgdnqx) _ksgntfg
vd nas_hmdc hs ax hmsdfq_shmf nts _ gd_ux rs_sd hm sgd sgdnqx vghbg bntkc ad _krn qdmnql_khy,
_akd-

Vd g_ud itrs entmc sg_s _m DES b_m ad nas_hmdc _r _ cdqhu_shud dwo_mrhnm _esdq hmsdfq_shmf
nts gd_ux rs_sdr- Cndr hs ld_m sg_s _mx DES bnqqdronmcr sn _ TU bnlokdshnm vhsg _ “mhsd
mtladq ne rs_sdr; Sgd _mrvdq hr ˇ mn� Enq dw_lokd) sgd knv dmdqfx dwo_mrhnm ne sgd RS
deedbshud _bshnm bdqs_hmkx bnms_hmr _m hm“mhsd mtladq ne rs_sdr hm sgd TU- Sgdqd _qd qdbdms
qdrtksr _qfthmf sg_s sgd DES ne FQ b_mmns ad bnlokdsdc ax _ “mhsd mtladq ne rs_sdr >0.2[-
Lnqdnudq) mns _kk DESr _clhs _ fnnc TU bnlokdshnm) _r vd vhkk rdd hm sgd mdws rdbshnmr- @mc)
dudm lnqd) mns _kk DESr _qd bnmrhrsdms vhsg b_tr_khsx qdpthqdldmsr enqltk_sdc nmkx hm sgd
knv,dmdqfx cnl_hm ne sgdhq u_khchsx >0.3)0.4[-

2-0-1 RbWssdqhmf Wlokhstcdr hm FQ vhsg W lhmhlWkkx bntokdc rbWkWq

Vd rs_qs dw_lhmhmf sgd rsqtbstqd _mc _kknvdc ro_bd enq DESr eqnl athkchmf _ qdk_shnm adsvddm
sgd deedbshud _bshnm _mc rb_ssdqhmf _lokhstcdr- Hm sghr rdbshnm) vd bnlotsd _ fq_uhsnm,ldch_sdc
rb_ssdqhmf _lokhstcd) _mc oqdrdms sgd qdrtks enq fq_uhsnm,fq_uhsnm rb_ssdqhmf hm otqd FQ-

Vd “qrs qdb_kk sgd Edxml_m fq_uhsnm oqno_f_snq hm Entqhdq ro_bd- Hm g_qlnmhb f_tfd ’_krn
b_kkdc sgd cd Cnmcdq f_tfd) ’1-22((

∇µgµµ �
0
1
ηµµ∇µg�� + . - ’2-02(

vd g_ud sgd fq_uhsnm oqno_f_snq ’qdb_kk ’1-70((

Fµµρσ�p( +
0
1

�h
p1 � hε

�

ηµρηµσ )ηµσηµρ �ηµµηρσ



- ’2-03(

He vd hmsqnctbd sgd sdmrnq

O�βγδ +
0
1

�

η�γηβδ )η�δηβγ �η�βηγδ


) ’2-04(

vd fds

Fµµρσ�p( +
�h

p1 � hε
O�βγδ - ’2-05(

Sgd udqshbdr vhsg sgqdd _mc entq fq_uhsnmr _qd udqx knmf _mc bnlokhb_sdc dwoqdrrhnmr cdqhudc
xd_qr _fn hm >04) 0.5fl0.7[) _mc rtll_qhydc) enq dw_lokd) hm >4[- Sgdx b_m _krn ad d_rhkx
qdoqnctbdc vhsg sgd trd ne bnlotsdq _kfdaq_ o_bj_fdr) rtbg _r w?bs >0.8fl002[) cd_khmf vhsg
sdmrnqr hm bnu_qh_ms enql-

Vd vhkk rgnv sgd l_hm oqnodqshdr ne fq_uhsnm,ldch_sdc rb_ssdqhmf _lokhstcdr trhmf sgd
dw_lokd ne _ l_rrkdrr rb_k_q “dkc lhmhl_kkx bntokdc sn fq_uhsx- Kds tr hmsqnctbd

R +



c3w


�f



L1
Ok Q

1
�

0
1
�∂µϕ(1



- ’2-06(
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Sgd Edxml_m qtkdr enq sghr sgdnqx _qd fhudm hm “f- 2-1 >003)004[- Sgd oqno_f_snq v_r fhudm
_anud hm ’2-05() vgdqd_r sgd rb_k_q,rb_k_q,fq_uhsnm udqsdw hr

Uµµ�o0) o1( +
h

1LOk

�

o0µo1µ ) o1µo0µ �ηµµo
γ
0o1γ



- ’2-07(

Ehftqd 2-19 Edxml_m qtkdr enq lhmhl_kkx bntokdc rb_k_q-

Ehftqd 2-29 s,bg_mmdk fq_uhsnm dwbg_mfd ch_fq_l bnmsqhatshmf sn ’2-15(-

Bnlahmhmf sgd Edxml_m qtkdr eqnl “f- 2-1) vd b_m “mc sgd l_sqhw dkdldms bnqqdronmc,
hmf sn sgd fq_uhsnm,ldch_sdc rb_k_q rb_ssdqhmf- Sgd s,bg_mmdk Edxml_m ch_fq_l hr rgnvm hm
“f- 2-2- Enq sgd r,bg_mmdk) vd g_ud

�r + h Uµµ �o0) o1(
h

�o0 ) o1(1
Oµµ�β U�β

�

o2) o3



- ’2-08(

Ax chqdbs rtarshstshnm) vd “mc

Uµµ �o0) o1( Oµµ�β +
h

1LOk



o�0 oβ
1 ) oβ

0 o�1


- ’2-1.(

Bnmsq_bshmf vhsg sgd rdbnmc udqsdw) vd nas_hm

1o0�o1β



o�2 oβ
3 ) oβ

2 o�3 �η�β
�

o2 · o3





+1 �o0 · o2(
�

o1 · o3



) 1
�

o0 · o3



�o1 · o2(� 1 �o1 · o0(
�

o2 · o3



-
’2-10(

Hs hr bnmudmhdms sn dwoqdrr sgd _lokhstcd hm sdqlr ne L_mcdkrs_l u_qh_akdr cd“mdc _r

r + � �o0 ) o1(
1 + �

�

o2 ) o3

1
)

s + � �o0 ) o2(
1 + �

�

o1 ) o3

1
)

t + �
�

o1 ) o3

1
+ � �o1 ) o2(

1 )

’2-11(
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enq _kk,hmfnhmf lnldms_- Enq sgd rb_ssdqhmf ne sgd l_rrkdrr rs_sdr) vd g_ud r ) s ) t + .) _mc

r + �1 �o0 · o1( + �1
�

o2 · o3



)

s + �1 �o0 · o2( + �1
�

o1 · o3



)

t + �1
�

o0 · o3



+ �1 �o1 · o2( -

’2-12(

Gdqd r g_r sgd ld_mhmf ne sgd sns_k dmdqfx ne sgd o_qshbkdr hm sgd bdmsdq,ne,l_rr eq_ld) _mc
s cdsdqlhmdr sgd lnldmstl dwbg_mfd- @krn) vd b_m “mc sgd rb_ssdqhmf _mfkd θ adsvddm
hmfnhmf _mc ntsfnhmf ro_sh_k lnldms_ _r

bnrθ + 0 )
1s
r

- ’2-13(

Sgdqdenqd) vd fds

�r + �
0

1L1
Okr

�

s1 ) t1 � r1


+
0

L1
Ok

st
r

- ’2-14(

Sgd svn nsgdq bqnrrdc ch_fq_lr vhkk bnmsqhatsd rhlhk_qkx ’vd mddc sn bg_mfd r → s _mc r → t
enq s _mc t bg_mmdkr) qdrodbshudkx(- Sgd “m_k qdrtks enq sgd sns_k _lokhstcd hr

� +�r )�s )�t +
0

L1
Ok

 st
r

)
rt
s

)
sr
t



- ’2-15(

Mnshbd sg_s hm sgd enqv_qc khlhs s → .) sgd _lokhstcd g_r _ onkd r1<s- Sghr adg_uhnq hr _
sxohb_k ed_stqd ne _ fq_uhsnm dwbg_mfd- Sghr sxod ne rhmftk_qhsx _ood_qr hm _kk rb_ssdqhmf _lokh,
stcdr nas_hmdc eqnl sgd dwbg_mfd ne _ l_rrhud ’hm sghr b_rd) _ onkd bnlhmf eqnl sgd oqno_f_snq
hr knb_sdc _s sgd u_ktd ne sgd rpt_qdc l_rr( nq l_rrkdrr o_qshbkdr- Gnvdudq) fq_uhsnm,ldch_sdc
rb_ssdqhmf hr cheedqdms eqnl rb_k_q) rohmnq nq udbsnq o_qshbkdr ldch_shmf sgd hmsdq_bshnm- Enq
dw_lokd) hm l_rrkdrr ϕ2 sgdnqx) sgd onkd bnmsqhatshnm g_r _ enql

0
s
)

0
r
)

0
t

- ’2-16(

Sgdqd hr mn r1<s bnmsqhatshnm- Dudm cdqhu_shud bntokhmfr hm _ rb_k_q sgdnqx vntkc mdudq bnl,
ahmd hmsn sg_s rsqtbstqd- Sghr adg_uhnq hr _ ed_stqd ne sgd dwbg_mfd ne _ rohm,svn o_qshbkd-
@mnsgdq oqnakdl ne sgd _lokhstcd ’2-15( hr dldqfdms hm sgd khlhs ne “wdc rb_ssdqhmf _mfkd θ

cd“mdc adknv hm ’2-2.(-
Sgd nmd,knno ch_fq_l cdrbqhahmf sgd bnmsqhatshnm ne l_ssdq o_qshbkdr sn sgd fq_uhsnm oqno,

_f_snq) “f- 2-3) vhkk ad qdctbdc sn

�0k +



c3ℓ

�1π(3
h

1LOk

�

ℓ� �ℓ) p(β ) ℓβ �ℓ) p(�
 h
ℓ1

h

�ℓ) p(1
h

1LOk

�

ℓδ �ℓ) p(γ ) ℓγ �ℓ) p(δ


-

’2-17(
Sgd chudqfdms o_qs g_r sgd enql



kmp1 )
0
ϵ



pγpδp�pβ ∝ p3 ) ’2-18(

vghbg ld_mr sg_s bntmsdqsdqlr vhsg entq cdqhu_shudr _qd qdpthqdc enq qdmnql_khy_shnm >0.)
005)006[) _r chrbtrrdc hm rdbshnm 1-2- Sghr qdrtks hr _ qdfidbshnm ne sgd vdkk,jmnvm e_bs sg_s FQ
hr _ mnm,qdmnql_khy_akd sgdnqx >0.)10[) _mc g_r sn ad dladccdc hmsn rnld nsgdq TU,bnlokdsd
sgdnqx _s dmdqfhdr k_qfdq sg_m sgd Ok_mbj l_rr-
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Ehftqd 2-39 L_ssdq knno bnqqdbshnm sn fq_uhsnm oqno_f_snq ’2-17(-

Ehftqd 2-49 Ch_fq_lr bnmsqhatshmf sn 1 → 1 fq_uhsnm rb_ssdqhmf-

2-0-2 FqWuhsnm,fqWuhsnm Wlokhstcdr hm FQ

Sgd jhmdl_shbr ne fq_uhsnm rb_ssdqhmf b_m ad cdrbqhadc sgqntfg sgd rb_ssdqhmf _mfkd θ _mc sgd
sns_k dmdqfx o- Hs hr bnmudmhdms sn trd _kk,hmfnhmf lnldms_ dwokhbhskx cd“mdc _r

oµ
0 + �o) .) .) o( )

oµ
1 + �o) .) .)�o( )

oµ
2 + ��o)�o rhmθ ) .)�o bnrθ ( )

oµ
3 + ��o) o rhmθ ) .) o bnrθ ( -

’2-2.(

Sgd lnldmstl o _mc sgd rb_ssdqhmf _mfkd θ _qd bnmmdbsdc sn sgd L_mcdkrs_l u_qh_akdr uh_

o +
r
1

) bnrθ + 0 )
1s
r

- ’2-20(

Sgd fq_uhsnm onk_qhy_shnm sdmrnq ltrs ad sq_bdkdrr _mc nqsgnfnm_k sn sgd bnqqdronmchmf ln,
ldmstl- @krn) hs rgntkc sq_mrenql _bbnqchmf sn hsr gdkhbhsx vhsg qdrodbs sn qns_shnmr _qntmc
sgd lnldmstl udbsnq- Sdmrnqr vhsg sgdrd oqnodqshdr b_m ad bnlonrdc eqnl sgd entq,udbsnqr
nqsgnfnm_k sn sgd bnqqdronmchmf lnldmstl o9

dµ±�o0( +
0


1
�.)0)±h) .( )

dµ±�o1( +
0


1
�.)�0)±h) .( )

dµ±�o2( +
0


1
�.) bnrθ )±h)� rhmθ ( )

dµ±�o3( +
0


1
�.)� bnrθ )±h) rhmθ ( - ’2-21(

Onk_qhy_shnm sdmrnqr b_m ad nas_hmdc rhlokx _r _ sdmrnq oqnctbs ne sgd bnqqdronmchmf onk_qhy_,
shnm udbsnqr)

dµµ± �oh( + dµ±�oh(d
µ±�oh( - ’2-22(

Sgdqd _qd l_mx cheedqdms bnlahm_shnmr ne fq_uhsnm onk_qhy_shnmr) gnvdudq) sgdqd _qd nmkx sgqdd
hmcdodmcdms rb_ssdqhmf _lokhstcdr _lnmf _kk sgd bnlahm_shnmr ne onk_qhy_shnm rs_sdr) _r sgd
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nsgdqr b_m ad qdk_sdc sn sgdl vhsg sgd trd ne o_qhsx rxlldsqx _mc bqnrrhmf rxlldsqx- Enq
dw_lokd) dwbg_mfhmf o_qshbkdr k_adkdc %0% _mc %1%) vd fds

�)�)��r) s)t( +�))���s) r)t( - ’2-23(

O_qhsx rxlldsqx hlokhdr sgd hmu_qh_mbd ne sgd _lokhstcd vhsg qdrodbs sn fihoohmf sgd gdkhbhsx ne
_kk o_qshbkdr- Sgtr)

����) +�)))� ) �)))) +����� ) - - - - ’2-24(

Sgdrd sq_mrenql_shnmr _kknv tr sn dwoqdrr _kk sgd _lokhstcdr sgqntfg sgqdd hmcdodmcdms rsqtb,
stqdr) qdoqdrdmsdc enq dw_lokd ax

�)))) )�)))� )�))�� - ’2-25(

Sgd qdrtks ne bnlotshmf fq_uhsnm rb_ssdqhmf hm otqd FQ hr

�))�� +
0

L1
Ok

r2

st
) �)))) +�)))� + . - ’2-26(

Sghr bnlots_shnm b_m ad cnmd rsq_hfgsenqv_qckx hm L_sgdl_shb_ vhsg sgd trd ne sgd w?bs
o_bj_fd >0.8fl002[) rdd d-f- >007[- Sgd hcd_ ne sgd bnlots_shnm hr a_rdc nm nas_hmhmf udqshbdr
eqnl sgd odqstqadc K_fq_mfh_m) _mc etqsgdq rtarshstshmf dwokhbhs dwoqdrrhnmr enq onk_qhy_shnm
sdmrnqr ’qd_khydc hm sgd wBna‘ rta,o_bj_fd(- Sgd r_ld bnlots_shnm) ne bntqrd) b_m ad d_rhkx
dwsdmcdc sn sgd DES ne FQ-

2-0-3 DES ne W rghes,rxlldsqhb rbWkWq9 “dkc qdcd“mhshnmr

Hm sghr rdbshnm) vd rgnv gnv _m DES b_m ad bnmrsqtbsdc _mc qdctbdc sn _ knvdq mtladq ne
sdqlr vhsg sgd trd ne odqstqa_shud “dkc qdcd“mhshnmr- Enq rhlokhbhsx vd trd _ rghes,rxlldsqhb
rb_k_q “dkc sgdnqx-

Vg_s bntkc ad sgd rsqtbstqd ne sgd knv dmdqfx sgdnqx ne l_rrkdrr rghes,rxlldsqhb rb_k_q;
Nmd b_m vqhsd cnvm _ cdqhu_shud dwo_mrhnm bnms_hmhmf okdmsx ne cheedqdms bnlahm_shnmr ne
“dkcr _mc cdqhu_shudr9
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

c3w


�f


�
0
1

�
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∂ 5
�
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) - - -


- ’2-27(

Gnvdudq) l_mx ne sgdrd bnlahm_shnmr _qd mns hmcdodmcdms- Rdudq_k bntokhmfr sg_s _qd kdes b_m
ad dkhlhm_sdc trhmf odqstqa_shud “dkc qdcd“mhshnmr- Bnmrhcdq sgd dw_lokd

ϕ + χ � ‘
�

∂ρχ
1

- ’2-28(

Rtarshstshmf sghr) vd nas_hm enq sgd K_fq_mfh_m

K + �
0
1

�

∂µχ
1

) 1‘∂µχ∂ρχ∂
µ∂ ρχ ) 1‘1

�

∂ρχ
1 �

∂µ∂µχ
1

)�□χ
�

∂µχ
1

) ‘�□
�

∂ρχ
1 �

∂µχ
1

) 1‘�□χ∂µχ∂ µ∂ρχ∂
ρχ )N

�

χ4


) - - - -
’2-3.(

@citrshmf sgd u_ktd ne ‘) vd b_m fds qhc ne sgd btahb hmsdq_bshnm- Hmcddc) tmcdq sgd hmsdfq_k
rhfm) vd b_m qdvqhsd

∂µχ∂ρχ∂
µ∂ ρχ + �□χ

�

∂ρχ
1 � ∂µχ∂

µ∂ρχ∂
ρχ + �

0
1
□χ

�

∂ρχ
1

) ’to sn _ sns_k cdqhu_shud(

’2-30(
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rtbg sg_s sgdqd hr nmkx nmd χ2 bnlahm_shnm kdes- Cdl_mchmf ‘ + ��) vd dkhlhm_sd _kk btahb
hmsdq_bshnm sdqlr) lnuhmf sgdl sn ghfgdq onhms sdqlr- Sgtr) sgd lhmhl_k rds ne nodq_snqr
bnmsqhatshmf sn sgd 1 → 1 rb_ssdqhmf _lokhstcd qd_cr

K + �
0
1

�

∂µϕ
1

)
f1

1



�

∂µϕ
11

)
f2

2

�

∂µϕ
1 �

∂ρ∂σϕ
1

) 3f3

�

∂ρ∂σϕ∂ ρ∂ σϕ
1

) - - - - ’2-31(

Gdqd vd hmsqnctbdc sgd bntokhmfr f1) f2) f3 hm sgd r_ld v_x _r hm >008[) vghbg vd vhkk
trd etqsgdq hm sgd _lokhstcd bnlots_shnm- Mnshbd sgd lnrs hlonqs_ms fdmdq_k qtkd gdkohmf sn
cq_l_shb_kkx qdctbd sgd mtladq ne sdqlr hm d_bg nqcdq ne sgd cdqhu_shud dwo_mrhnm9

Sgd sdqlr oqnonqshnm‘k sn sgd eqdd dpt‘shnmr ne lnshnm b‘m
‘kv‘xr ad dkhlhm‘sdc ax “dkc qdcd“mhshnmr-

Enq sghr qd_rnm) sgdqd _qd mn sdqlr bnms_hmhmf□ϕ hm ’2-31(- Vd b_m fdmdq_khyd sghr nardqu_shnm
mnshbhmf sg_s he sgd K_fq_mfh_m bnms_hmr _ sdql oqnonqshnm_k sn sgd eqdd dpt_shnmr ne lnshnm)

K + E =ϕ[ D́ϕ )
0
1
ϕ D́ϕ ) D́ϕ + . ) ’2-32(

sghr sdql b_m ad dkhlhm_sdc ax sgd enkknvhmf odqstqa_shud “dkc qdcd“mhshnm)

ϕ + χ � E =χ[ - ’2-33(

Hmcddc)

K + E =χ[ D́χ )
0
1
χ D́χ ) E =χ[ D́ �E =χ[(� E =χ[ D́χ ) - - - ) ’2-34(

nmd b_m rdd sg_s sgd sdqlr khmd_q hm sgd dpt_shnm ne lnshnm fds b_mbdkdc- @r sgd nodq_snq
E=χ[ bnms_hmr _s kd_rs svn “dkcr χ ) sgd qdrhct_k sdqlr bnmsqhatsd sn ghfgdq onhms udqshbdr- Sghr
v_x) sdqlr oqnonqshnm_k sn sgd dpt_shnmr ne lnshnm b_m ad lnudc sn sgd udqshbdr vghbg cn mns
bnmsqhatsd sn 1 → 1 rb_ssdqhmf oqnbdrrdr-

Kds tr rsqdrr gdqd sg_s sgd sdql cndr mns chr_ood_q bnlokdsdkx eqnl sgd sgdnqx) _r sghr “dkc
qdcd“mhshnm vntkc _krn lnchex nsgdq sdqlr hm sgd _bshnm- Hmrsd_c) hs bnmsqhatsdr sn ghfgdq nqcdq
_mc ghfgdq onhms nodq_snqr- Dudm sgntfg sgd k_ssdq cn mns _eedbs sqdd,kdudk 1 → 1 rb_ssdqhmf) vd
rgntkc qdldladq _ants sgdhq onrrhakd oqdrdmbd adb_trd sgdx b_m _eedbs sgd knno bnqqdbshnmr
sn sgd _lokhstcd-

Hm _cchshnm) sgdrd sdqlr b_m ad hlonqs_ms ntsrhcd sgd eq_ldvnqj ne sgd R,l_sqhw) enq dw_l,
okd) he nmd hr rd_qbghmf enq sgd bk_rrhb_k a_bjfqntmc rnktshnm hm rtbg _ sgdnqx- He sgd a_bjfqntmc
u_ktdr ne sgd “dkcr _qd mns snn k_qfd bnlo_qdc sn sgd btsnee rb_kd) sghr oqnakdl hr vdkk,onrdc)
_mc odqstqa_shnmr _qntmc sgd bk_rrhb_k rnktshnm b_m ad rstchdc- Sghr oqnbdctqd hr udqx bnl,
lnm vgdm bnrlnknfhb_k a_bjfqntmcr _qd bnmrhcdqdc- Ats nmd rgntkc qdldladq sg_s adenqd
sgd rokhsshmf hmsn sgd a_bjfqntmc _mc odqstqa_shnmr) sgd cdfqddr ne eqddcnl _mc b_mnmhb_k
“dkcr ’vhsg qdrodbs sn vghbg vd hmsdfq_sd hm _ etmbshnm_k hmsdfq_k( rgntkc ad tmhptdkx cdsdq,
lhmdc-

Gnv b_m vd bgdbj vgdsgdq sgd sdqlr kdes hm sgd DES _bshnm _esdq “dkc qdcd“mhshnmr hmcddc
qdoqdrdms _ lhmhl_k rds ne bntokhmfr vghbg b_mmns ad qdctbdc etqsgdq; Hm e_bs) ogxrhb_k na,
rdqu_akdr vghbg _qd hmu_qh_ms tmcdq “dkc qdcd“mhshnmr _qd rb_ssdqhmf _lokhstcdr) sg_s hr vgx
sgdx ok_x _m hlonqs_ms qnkd hm sgd bnmsdws ne sgd DES bnmrsqtbshnm- Enq sgd K_fq_mfh_m ’2-31()
vd nas_hm _ sqdd kdudk _lokhstcd ’qdb_kk sg_s r ) s ) t + 3l1(

��r) s( + f1�r
1 ) s1 ) t1( ) f2rst ) f3�r

1 ) s1 ) t1(1 ) - - - - ’2-35(

Hs g_r _ bqnrrhmf,rxlldsqhb enql) _mc _ onkxmnlh_k rsqtbstqd hm L_mcdkrs_l u_qh_akdr) sgtr)
sgd etqsgdq sdqlr b_m ad bnmrsqtbsdc _r bqnrrhmf,rxlldsqhb onkxmnlh_kr ne sgd oqnodq onvdq
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ne dmdqfx- Eqnl sghr nardqu_shnm) vd b_m “mc sgd mtladq ne hmcdodmcdms DES nodq_snqr hm
d_bg onvdq ne dmdqfx- Hs hr hmsdqdrshmf sg_s sgd mtladq ne sgdrd hmcdodmcdms sdqlr fqnvr
rknvkx- Sgtr) “mchmf _m hqqdctbhakd rds ne DES bntokhmfr b_m ad de“bhdmskx cnmd sgqntfg sgd
bnmrsqtbshnm ne sgd _lokhstcd _mc l_sbghmf hs sn _ oqnodq mtladq ne nodq_snqr hm sgd DES
vgdqd sgdhq enql b_m ad itrs ftdrrdc-

2-0-4 Rsqtbstqd ne sgd fqWuhsWshnmWk DES Wmc Wlokhstcdr

Sgd _bshnm ne FQ hr

R +
L1

Ok

1



c3w


�f Q - ’2-36(

Hs hr jmnvm sn ad mnm,qdmnql_khy_akd _s nmd knno hm sgd oqdrdmbd ne l_ssdq) _mc _s svn knnor
vhsgnts l_ssdq) rdd rdbshnm 1-2- Sgtr) enq sgd knv dmdqfx cdrbqhoshnm ne fq_uhsx) nmkx _m DES
dwo_mrhnm l_jdr rdmrd- Vg_s bntkc ad sgd lnrs fdmdq_k _bshnm; Hm e_bs) hs b_m g_ud _kk onr,
rhakd bnmsq_bshnmr ne Qhdl_mm sdmrnqr vhsg cdqhu_shudr- Gnvdudq) l_mx ne sgdrd sdqlr _qd
qdctmc_ms- Enq dw_lokd)

� +



c3w


�f



L1
Ok

1
Q ) ‘Q1 ) aQµµQ

µµ ) bQµµρσQµµρσ ) c□Q )
d

Λ1
TU

Qhdl2 ) - - -



)

’2-37(
vgdqd ΛTU hr sgd DES btsnee- Qdb_kk sg_s sgd dpt_shnmr ne lnshnm _qd

Qµµ �
0
1
Qfµµ +

0

L1
Ok

Sµµ - ’2-38(

Sgtr) _kk sdqlr g_uhmf _s kd_rs nmd Qµµ b_m ad qdvqhssdm _r l_ssdq bntokhmfr- He vd bnmrhcdq
nmkx fq_uhsnm bntokhmfr) vd b_m rds

Qµµ + . ) Q + . ’2-4.(

hm sgd DES K_fq_mfh_m- Hm sghr v_x) sgd bntokhmfr ‘ _mc a b_m ad rds sn ydqn- Lnqdnudq) sgd sdql
vhsg bntokhmf c hr _ sns_k cdqhu_shud- Hm entq chldmrhnmr) sgd Qhdl1,sdql b_m ad vqhssdm _r _
bnlahm_shnm ne Q1) QµµQ

µµ) _mc _ sns_k cdqhu_shud ˇ sgd F_trr,Anmmds hmu_qh_ms ’be- ’1-07.((

�+ Q1 � 3QµµQ
µµ ) QµµρσQµµρσ - ’2-40(

Enq sgdrd qd_rnmr) _kk pt_cq_shb sdqlr b_m ad dkhlhm_sdc hm sgd DES) _mc qdvqhssdm _r sdqlr
ne ghfgdq nqcdq hm btqu_stqd- Sgdqdenqd) sgd “qrs mnm,sqhuh_k bnmsqhatshnm rs_qsr _s Qhdl2- Sgd
fdmdq_k qtkdr _kknvhmf sn bnmrsqtbs mnm,qdctmc_ms nodq_snqr _qd qdk_sdc sn Ghkadqs rdqhdr >01.[-

Vd _krn g_ud sgd enkknvhmf oqnodqshdr9

Qµµρσ ) Qµρσµ ) Qµσµρ + . ) ’2-41(

∇�Qµµρσ )∇ρQµµσ� )∇σQµµ�ρ + . - ’2-42(

Sgd k_rs qdk_shnm hr jmnvm _r Ah_mbgh hcdmshsx- Nmd b_m cd“md sgd sq_bdkdrr Vdxk sdmrnq ’rdd
_krn ’1-067((

Bµµρσ + Qµµρσ �
�

fµ=ρQσ[µ � fµ=ρQσ[µ


)
0
2

fµ=ρ fσ[µQ - ’2-43(

Gdqd) vd trdc sgd _mshrxlldsqhy_shnm nudq hmchbdr cd“mdc uh_

?=µµ[ +
0
1

�

?µµ � ?µµ


- ’2-44(
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Vd b_m rdd sg_s sgd Vdxk sdmrnq hr sgd r_ld _r sgd Qhdl_mm sdmrnq) to sn sdqlr sg_s u_mhrg nm
sgd dpt_shnmr ne lnshnm- Hm _cchshnm) to sn sgd dpt_shnmr ne lnshnm vd g_ud ’be- ’3-061((

∇µBµµρσ + . ) □Bµµρσ ∼ B1
µµρσ - ’2-45(

Sgtr) hmchbdr ne cdqhu_shudr rgntkc ad bnmsq_bsdc nmkx vhsg d_bg nsgdq) _unhchmf □ bnlahm_,
shnmr- Vd fds sgd enkknvhmf athkchmf aknbjr enq sgd DES ne fq_uhsx9

Bµµρσ ) ∇�µ0
Bµ(µρσ ) ∇�µ0

∇µ1
Bµ(µρσ ) - - - - ’2-46(

Sgd Vdxk sdmrnq b_m ad etqsgdq cdbnlonrdc hmsn

BK<Q +
0
1

�

B ± hB̂


) B̂µµρσ +
0
1
εµµ�βB�β

ρσ - ’2-47(

Sgtr) sgd _bshnm b_m ad bnmrsqtbsdc hm sdqlr ne BK _mc BQ _mc sgdhq rxlldsqhydc cdqhu_shudr-
Hm sghr enql) hs hr _krn d_rx sn rdd vghbg sdqlr _qd BO,dudm ’sgdx bnms_hm _m dudm mtladq ne ε
sdmrnqr( _mc BO,ncc-

Hmbktchmf sdqlr sg_s _qd rtooqdrrdc ax sgd btsnee rb_kd _r to sn Λ7
TU) sgd _bshnm fdmdq_khydc

sn c chldmrhnmr b_m ad entmc sn ad ne sgd enql >01.)010[

R + Lc�1
Ok



cc w


�f



Q
1

)
‘1

Λ1
TU

�)
‘2

Λ3
TU

B2 )
‘3

Λ5
TU

A1 )
‘̂3

Λ5
TU

Â1

)
‘4

Λ7
TU

E��A )
‘̂4

Λ7
TU

Ê��Â ) - - -



)

’2-48(

vgdqd A + BµµρσBµµρσ _mc Â + BµµρσB̂µµρσ- Vd kd_ud gdqd sgd F_trr,Anmmds sdql �) _r hs
vhkk qdl_hm _ mnm,sqhuh_k nodq_snq hm c / 3- Sgd sdmrnqr E�β _mc Ê�β _qd cd“mdc _r

E�β + ∇�Bµµρσ∇βBµµρσ ) Ê�β + ∇�Bµµρσ∇β B̂µµρσ - ’2-5.(

Sgd bnqqdronmchmf rb_ssdqhmf _lokhstcdr enq fq_uhsnmr _qd >010[

Lc�1
Ok �))�� +

r2

st
�

7�c � 3(
c � 1

‘1

Λ3
TU

r2 � 07
‘1

2

Λ7
TU

r2


c � 3
c � 1

r1 ) 1rs ) 1s1


)
7r3

Λ5
TU

‘3) )
3

Λ7
TU

‘4)r4 ) ’2-50(

Lc�1
Ok �)))) +

01

Λ1
TU



4‘2 �
1 �c � 3(

c � 1
‘1

1



w

�
1

Λ7
TU



8 �01� c(
c � 1

‘1
2 ) 0.‘4�



w x )
05

Λ5
TU

‘3�w1 ) ’2-51(

Lc�1
Ok �)))� +

5

Λ3
TU

‘2 x )
γx1

Λ0.
TU

- ’2-52(

Gdqd vd cd“mdc sgd sqhokd bqnrrhmf,rxlldsqhb u_qh_akdr

x + rst ) w + rs ) st ) tr - ’2-53(

Sgd sdql γ _anud bnqqdronmcr sn _m nodq_snq rtooqdrrdc ax Λ0.
TU- Vd _krn trd ‘m± + ‘m ± ‘̂m-

Eqnl sgd enql ne sgd _lokhstcd) vd b_m rdd sg_s sgd a_rhr ne sgd DES nodq_snqr hr mns qdctmc_ms)
_r _kk bnde“bhdmsr vghbg vd hmsqnctbdc kd_c sn cheedqdms rsqtbstqdr hm sgd _lokhstcdr- Ats hs hr
hmsdqdrshmf sn mnsd sg_s hs hr mns _kv_xr onrrhakd sn vqhsd _m DES nodq_snq oqnuhchmf sgd fhudm
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rsqtbstqd hm sgd _lokhstcd- Hs hr bkd_qkx rddm sg_s hm c + 3 mn knb_k nodq_snq sg_s bnmsqhatsdr
sn sgd r2,sdql hm �))�� b_m ad bnmrsqtbsdc- Sgtr) sgd qdk_shnm adsvddm sgd DES _bshnm _mc
sgd _lokhstcd l_x ad lnqd rtaskd) _mc sgd rsqtbstqd ne dudm sqdd,kdudk _lokhstcdr hr lnqd
bnmrsq_hmdc sg_m hs hr dwodbsdc eqnl bqnrrhmf rxlldsqx _knmd- @mnsgdq rntqbd ne bnmrsq_hmsr
l_x ad qdk_sdc sn sgd knb_khsx qdpthqdldms enq DES K_fq_mfh_mr vghbg cndr mns enkknv eqnl
bqnrrhmf rxlldsqx dhsgdq- Hs hr _ rdo_q_sd bnmrsq_hms nm sgd HQ _bshnm-

2-1 RbWssdqhmf Wlokhstcdr9 WmWkxshbhsx) tmhsWqhsx) LWqshm,EqnhrrWqs antmc) anns,
rsqWo

2-1-0 ?mWkxshbhsx oqnodqshdr ne sgd rbWssdqhmf Wlokhstcdr

Rb_ssdqhmf _lokhstcdr ne Knqdmsy,hmu_qh_ms sgdnqhdr _qd etmbshnmr ne svn L_mcdkrs_l u_qh_akdr
r _mc s nm rgdkk- Ogxrhb_k rb_ssdqhmf bnqqdronmcr sn sgd u_ktdr ne r / . _mc s < .- Gnvdudq) hs
hr rshkk hlonqs_ms gnv sgd _lokhstcdr _qd _m_kxshb_kkx bnmshmtdc sn sgd vgnkd bnlokdw ok_md ne
r _mc s- @r _m hlokhb_shnm ne b_tr_khsx) sgd _lokhstcd ltrs ad _m _m_kxshb etmbshnm _v_x eqnl
qd_k u_ktdr enq r _mc s- Vd vhkk trd sgd enkknvhmf oqnodqsx hm etqsgdq cdqhu_shnmr ne chrodqrhnm
qdk_shnmr9

Enq “wdc s < . ‘mc Hl r ̸+ .) sgd ‘lokhstcd hr ‘m ‘m‘kxshb etmbshnm ne r-

Sghr _m_kxshbhsx oqnodqsx v_r nqhfhm_kkx cdqhudc eqnl sgd e_bs sg_s sgd bnllts_snqr ne sgd
“dkcr ltrs u_mhrg ntsrhcd sgd khfgs,bnmd ax sgd cd“mhshnm ne R,l_sqhw b_tr_khsx >011[ ’_krn
qdedqqdc sn _r Anfnkxtanu b_tr_khsx >012) 013[(- Hs b_m _krn ad cdqhudc eqnl sgd qdpthqdldms
ne b_tr_k oqno_f_shnm ne sgd rhfm_k >014[ ’rdd _krn >015[ enq _ lnqd odc_fnfhb_k cdqhu_shnm ne
sgd chrodqrhnm qdk_shnm(- Sgtr) sgd rsqhbs bnmchshnm ne sgd _ardmbd ne _ shld _cu_mbd hm rhfm_k
oqno_f_shnm ’_krn qdedqqdc sn _r _rxlosnshb b_tr_khsx) nq _r sgd F_n,V_kc bnmchshnm >016[ hm
lnqd qdbdms khsdq_stqd >017[( hlokhdr sgd _m_kxshbhsx ne sgd _lokhstcd-

Ehftqd 2-59 @m_kxshbhsx rsqtbstqd ne _ rb_ssdqhmf _lokhstcd ne dpt_k l_rr o_qshbkdr _s
“wdc s < .- Qdc _qd_r qdoqdrdms aq_mbg bts rhmftk_qhshdr) qdc bhqbkdr _qd onkdr- He
sgdqd _qd hmsdq_bshmf l_rrkdrr rs_sdr hm sgd sgdnqx) aq_mbg btsr _qd hmsdqrdbshmf vhsg
d_bg nsgdq) _mc sgd bnlokdw ok_md hr rokhs hmsn svn ohdbdr-

Dudm sgntfg sgd _lokhstcd hr ogxrhb_kkx cd“mdc nmkx enq qd_k r / .) hs b_m ad _m_kxshb_kkx
bnmshmtdc sgqntfg sgd toodq g_ke ne sgd bnlokdw ok_md sn mdf_shud r- Sghr vhkk bnqqdronmc sn
bqnrrhmf qdk_shnmr _mc bnlokdw bnmitf_shnm >018[- Sgd _m_kxshbhsx rsqtbstqd ne sgd _lokhstcd
_s “wdc s < . hr rtll_qhydc hm “f- 2-5- Enq sgdnqhdr vhsg _ l_rr f_o) sgdqd hr _m _m_kxshbhsx
qdfhnm adsvddm r + . _mc r + 3l1 vgdqd sgd _lokhstcd b_m g_ud nmkx onkd rhmftk_qhshdr
bnqqdronmchmf sn _m dwbg_mfd ne nsgdq l_rrhud nq l_rrkdrr o_qshbkdr- Enq k_qfd r) _lokhstcdr
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sxohb_kkx g_ud _ aq_mbg bts rhmftk_qhsx _knmf sgd qd_k _whr vhsg _ chrbnmshmthsx fhudm ax hsr
hl_fhm_qx o_qs-

2-1-1 OWqshWk vWud dwoWmrhnm

Sgd _lokhstcd cdrbqhahmf sgd rb_ssdqhmf ne ok_md v_udr vhsg cd“mhsd u_ktdr ne lnldms_ b_m
ad cdbnlonrdc hmsn sgd rb_ssdqhmf ne _mftk_q lnldmstl dhfdmrs_sdr ˇ o_qsh_k v_udr- Hm sgd
bdmsdq,ne,l_rr eq_ld) sghr bnqqdronmcr sn sgd cdbnlonrhshnm ne hsr rb_ssdqhmf _mfkd cdodmcdmbd
hmsn sgd dhfdmetmbshnmr ne sgd _mftk_q lnldmstl nodq_snq- He vd bnmrhcdq rb_ssdqhmf ne rb_k_qr
hm entq chldmrhnmr) sgdrd etmbshnmr _qd Kdfdmcqd onkxmnlh_kr Ok�bnrθ ()

��r)θ ( + 21π
∞


k+.



k )
0
1



ek�r(Ok�bnrθ ( - ’2-54(

Kdfdmcqd onkxmnlh_kr enql _m nqsgnfnm_k rxrsdl ne etmbshnmr)
 0

�0

c bnrθ Oi�bnrθ (Oj�bnrθ ( +
1

1 i ) 0
δ ij - ’2-55(

Sgd OVT qdpthqdldms hlokhdr enq d_bg o_qsh_k v_ud

| e i�r(|< 0 ) Hl e i�r( / . - ’2-56(

@kk DES _lokhstcdr g_ud o_qsh_k v_ud _lokhstcdr fqnvhmf vhsg r) vghbg ld_mr sg_s sgd
“qrs bnmchshnm ltrs ad uhnk_sdc vgdm r hr k_qfd dmntfg- Sgd lhmhl_k u_ktd ne r vgdm sghr
bnmchshnm hr uhnk_sdc b_m ad s_jdm _r sgd cd“mhshnm ne sgd DES btsnee rb_kd ΛTU-

Sgdqd hr _ rsqnmfdq mnm,khmd_q tmhs_qhsx bnmchshnm vghbg b_m ad cdqhudc eqnl sgd noshb_k
sgdnqdl- Sgd sns_k bqnrr rdbshnm b_m ad entmc _r _ rtl ne o_qsh_k v_ud _lokhstcdr)

σsns +
0

21πr

 0

�0

c bnrθ |� �θ (|1 - ’2-57(

Rtarshstshmf sgd o_qsh_k v_ud cdbnlonrhshnm) vd nas_hm

σsns +
0

21πr



i)j

 0

�0

c bnrθ �21π(1 e i �r( e ∗j �r( Oi �bnrθ ( Oj �bnrθ (


i )
0
1



j )
0
1



+
21π

r



i



i )
0
1





 e i �r(




1
-

’2-58(

Sgd noshb_k sgdnqdl ’rdd _krn ’1-120( hm rdbshnm 1( hlokhdr enq sgd rb_ssdqhmf ne rb_k_qr vhsg
sgd r_ld l_rr l

Hl��r)θ + .( ≥
0
1



r �r� 3l1(σsns �r( ) ’2-6.(

21π


i

Hl e i �r(


i )
0
1



≥
05π

r



r �r� 3l1(


i



i )
0
1





 e i �r(




1
- ’2-60(

Sgtr) enq d_bg o_qsh_k v_ud hm sgd rtl nmd b_m nas_hm sgd ET bnmchshnm

1 Hl e i �r( ≥


 e i �r(




1



 r� 3l1

r
- ’2-61(
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Kds tr ldmshnm gdqd sg_s sgd ET bnmchshnm sdkkr tr sg_s tmhs_qx _lokhstcdr ltrs g_ud _m
hl_fhm_qx o_qs� Sgtr) hs hr mns onrrhakd sn “mc _ sgdnqx vgdqd sgd _lokhstcdr g_ud nmkx qd_k
sqdd,kdudk bnmsqhatshnmr) vghkd _kk knnor _qd ydqn ctd sn rnld rxlldsqx-

Sgd o_qsh_k v_ud cdbnlonrhshnm hr bqtbh_k enq hlokdldmshmf mnm,odqstqa_shud tmhs_qhsx bnm,
chshnmr _mc sgd qdbnmrsqtbshnm ne sgd _lokhstcdr a_rdc nm tmhs_qhsx qdpthqdldmsr- Hs _kknvr sn
cdqhud _ okdsgnq_ ne mnm,sqhuh_k) lncdk,hmcdodmcdms qdrtksr enkknvhmf eqnl sgd a_rhb oqnodqshdr
ne sgd PES-

Hm c,chldmrhnm_k sgdnqhdr) sgd dhfdmetmbshnmr ne sgd _mftk_q lnldmstl _qd fhudm ax
Fdfdma_tdq onkxmnlh_kr) rtbg sg_s sgd _lokhstcd b_m ad cdbnlonrdc _r

� �r) s( +
0
1



m �k) c( ek �r( O�c(
k



0 )
1s

r� 3l1



) ’2-62(

vgdqd O�c(
k _qd qdk_sdc sn sgd Fdfdma_tdq onkxmnlh_kr B�

k ax

O�c(
k �y( +

� �0 ) k( � �c � 2(
� �k ) c � 2(

B
c�2
1

k �y( - ’2-63(

Sgdx _qd mnql_khydc _r

0
1

 0

�0

cy
�

0� y1


c�3
1 O�c(

k �y( O�c(
k ′ �y( +

δk k ′

M �c( m �k) c(
) ’2-64(

vgdqd

M �c( +
�05π(

1�c
1

�
� c�1

1

 ) m �k) c( +
�3π(

c
1 �c ) 1k � 2( � �c ) k � 2(

π�
� c�1

1



� �k ) 0(
- ’2-65(

@mnsgdq dwoqdrrhnm enq c,chldmrhnm_k Kdfdmcqd onkxmnlh_kr qdk_sdr sgdl sn sgd gxodqfdnlds,
qhb etmbshnm9

O�c(
k �w( + 1E0



�k) k ) c � 2)
c � 1

1
)
0� w

1



- ’2-66(

Sgd bnqqdronmchmf o_qsh_k v_ud _lokhstcdr b_m ad entmc _r

ek �r( + M �c(

 0

�0

cw
�

0� w1


c�3
1 O�c(

k �w(� �r) s �w(( - ’2-67(

Hm c chldmrhnmr) sgd OVT bnmchshnmr fds lnch“dc)

1 Hl ek �r( ≥

�

r� 3l1


c�2
1


r

| ek �r(|
1 ) | ek�r(| <


1r

�r� 3l1(
c�2
1

- ’2-68(

Sgd o_qsh_k v_ud cdbnlonrhshnm b_m _krn ad fdmdq_khydc rsq_hfgsenqv_qckx sn sgd rb_ssdqhmf
ne o_qshbkdr vhsg rohm- Hm sghr b_rd) sgd dhfdmetmbshnmr ne sgd _mftk_q lnldmstl _qd fhudm ax
Vhfmdq c,etmbshnmr ’VhfmdqC hm L_sgdl_shb_()

�g0g1g2g3
+ 21π



k

�1k ) 0( ck
λµ �bnrθ ( e k

g0g0g2g3
�r( ) ’2-7.(

vgdqd
λ + g1 � g0 ) µ + g3 � g2 ) cλµ ��θ ( + ��0(λ�µ cλµ �θ ( - ’2-70(

Enq sgd rb_ssdqhmf ne fq_uhsnmr) vd _kv_xr g_ud

��0(λ�µ + 0 ) ’2-71(
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sgdqdenqd sgd _lokhstcdr _qd dudm etmbshnmr ne θ )

�g0g1g2g3
+ 05π



k

�1k ) 0(


ck
λµ �θ ( ) ck

λµ ��θ (


e k
g0g0g2g3

�r( - ’2-72(

Sgd k_ssdq bnlahm_shnm b_m ad rhlokh“dc)

ck
λµ �θ ( ) ck

λµ ��θ ( + 1dh π1 �λ�µ(
k



µ+�k

c k
λµ

π

1



ck
µµ

π

1



bnrµθ - ’2-73(

Hm sghr v_x) sgd Vhfmdq c,etmbshnmr _qd dwoqdrrdc sgqntfg dkdldms_qx etmbshnmr-

2-1-2 LWqshm,EqnhrrWqs antmc

Nmd ne sgd hlonqs_ms bnmrdptdmbdr ne tmhs_qhsx _mc _m_kxshbhsx hr _ antmc nm sgd rb_ssdqhmf
_lokhstcd _s “wdc s _mc k_qfd r >02.fl021[- Hm sghr rdbshnm) vd oqdrdms hsr cds_hkdc cdqhu_shnm
hkktrsq_shmf sgd oq_bshb_k trd ne OVT _mc _m_kxshbhsx a_rdc nm sgd qduhdv hm >022[- Bnmrhcdq
sgd rb_ssdqhmf ne l_rrhud rb_k_qr vhsg sgd r_ld l_rr l1 enq rhlokhbhsx- Sgd _lokhstcd b_m ad
cdbnlonrdc hmsn o_qsh_k v_udr)

� �r) s( + 05π
∞


k+.

�1k ) 0( ek �r( Ok



0 )
s

1p1



) ’2-74(

vgdqd vd cd“mdc

p +
0
1



r� 3l1 - ’2-75(

Fhudm sgd dwoqdrrhnm enq sgd _lokhstcd) nmd b_m bnlotsd o_qsh_k v_ud _lokhstcdr trhmf sgd
nqsgnfnm_khsx ne sgd Kdfdmcqd onkxmnlh_kr- Gnvdudq) vd b_m g_ud _ adssdq drshl_sd ne sgd
u_ktdr ne sgd o_qsh_k v_ud _lokhstcdr dwoqdrrhmf sgdl sgqntfg Kdfdmcqd etmbshnmr Pk�y( ad,
b_trd sgdx cdb_x dwonmdmsh_kkx enq k_qfd k) tmkhjd Ok�y( vghbg nrbhkk_sd _s k_qfd k- Qdb_kk sg_s
Kdfdmcqd etmbshnmr Pk�y( b_m ad dwoqdrrdc _r

Pk �y( +
0
1

 0

�0

cµ
Ok �µ(
y �µ

- ’2-76(

Vd b_m bnlotsd _m hmsdfq_k ne _m _lokhstcd ltkshokhdc vhsg Pk�y( nudq _ bnmsntq vghbg vd
vhkk rodbhex _ ahs k_sdq) a_rdc nm sgd bnmudmhdmbd ne etqsgdq bnlots_shnmr9



γ

cy� �r) s �y((Pm �y( +
0
1



k

�1k ) 0( ek �r(

 0

�0

cµ



γ

cy Ok



0 )
s�y(
1p1



Om �µ(
y �µ

- ’2-77(

Fhudm sgd _m_kxshbhsx ne Kdfdmcqd onkxmnlh_kr) vd b_m bnlotsd sgd hmsdfq_k nudq y _r _
qdrhctd _s sgd onhms y + µ nm sgd qd_k _whr ok_bdc hm sgd hmsdqu_k ��0)0() rdd “f- 2-6- Sgtr)
γ rgntkc hmbktcd sghr hmsdqu_k) _mc enq etqsgdq cdqhu_shnmr hs hr drrdmsh_k sn g_ud _m_kxshbhsx
oqnodqshdr ne sgd _lokhstcd hmrhcd sghr bnmsntq- Vd nas_hm



γ

cy� �r) s �y((Pm �y( + �1πh(
0
1



k

�1k ) 0( ek �r(

 0

�0

cµ Om �µ( Ok



0 )
s �µ(
1p1



- ’2-78(

Vd b_m fds sgd cdrhqdc dwoqdrrhnm enq ek�r( a_rdc nm sgd nqsgnfnm_khsx oqnodqshdr ne Ok�µ( he
vd bgnnrd

0 )
s �µ(
1p1

+ µ ) s �µ( + 1p1 �µ� 0( - ’2-8.(
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Ehftqd 2-69 Sgd hmsdfq_shnm bnmsntq γ nm sgd bnlokdw y,ok_md rgntkc hmbktcd sgd
onhmsr ��0)0() vghkd hsr oqdbhrd enql hr mns hlonqs_ms-

Hm sghr v_x) vd nas_hm sgd rn,b_kkdc Mdtl_mm dwoqdrrhnm enq sgd o_qsh_k v_ud _lokhstcdr)

ek �r( +
0

1πh



γ

cy�
�

r) 1p1 �y � 0(


Pk �y( - ’2-80(

Enq k_qfd k) vd g_ud

Pk �y( ≈ J.



k


1 �y � 0(


≈ d�k


1�y�0(


 π

1k


1 �y � 0(
) k →∞ ) ’2-81(

vgdqd J. hr sgd L_bcnm_kc etmbshnm ne hmcdw . ’nq rhlokx _ rodbh“b Adrrdk etmbshnm ˇ hm
L_sgdl_shb_) hs hr AdrrdkJ=.)y[(- Qdb_kk sg_s

y � 0 +
s

1p1
- ’2-82(

He sgd _lokhstcd hr onkxmnlh_kkx antmcdc hm _kk chqdbshnmr) vd b_m g_ud _m drshl_sd enq “wdc
s _mc k_qfd k9

| ek�r(| ∝
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1π


r
d�


s

p �k) 0
1(


 πp

1k


s
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Enq rl_kk k) vd b_m rhlokx trd sgd tmhs_qhsx qdpthqdldms)

| ek�r(|< 0 ) k < K - ’2-84(

Tmshk vghbg u_ktd ne K hr hs _ rsqnmfdq bnmrsq_hms) bnlo_qdc sn ’2-83(; Vd b_m “mc sghr uh_
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s
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Rnkuhmf enq K _mc trhmf p ∼
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

r km r - ’2-87(

Bnmsqhatshnmr ne o_qsh_k v_udr sn sgd sns_k _lokhstcd b_m ad rokhs hmsn k < K _mc k / K)
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Ok �0( �1k ) 0( )
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Ok �0(
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Sgd k_qfd,k bnmsqhatshnm hr dwonmdmsh_kkx rtooqdrrdc _s k_qfd r- Vd b_m rdd sghr eqnl sgd drsh,
l_sd

∞


k+K)0



kd�


s
p k ∼

 ∞

K
cx


xd�


s

p x ∼ d�


s
p K ∼ d�


s


r km r - ’2-0..(

Dudm sgd e_bsnq rM vhkk ad rtooqdrrdc ax sghr dwonmdms)

rM d�


s


r km r → . ) r →∞ - ’2-0.0(

Sgtr) k_qfd rohmr k fhud ydqn bnmsqhatshnm hm sgd khlhs ne k_qfd r- Sgd bnmsqhatshnm ne knv rohmr
b_m ad du_kt_sdc _r

��r) s → .)( +
K



0+.

Ok �0( �1k ) 0( ∼ �K ) 0(1 ∝ r�km r(1 - ’2-0.1(

Sgd k_ssdq qdrtks qdoqdrdmsr sgd bdkdaq_sdc L_qshm,Eqnhrr_qs antmc) khlhshmf sgd fqnvsg ne sgd
_lokhstcd _r _ etmbshnm ne r _s “wdc rl_kk s sn

��r) s → .( < B |r|�km |r|(1 ) ’2-0.2(

vgdqd B hr _ bnmrs_ms- Sghr adg_uhnq b_m ad dwsdmcdc sn sgd vgnkd bnlokdw r,ok_md) _r sgd
r_ld chrbtrrhnm b_m ad qdod_sdc enq bnlokdw,u_ktdc r- Kds tr khrs gdqd sgd _rrtloshnmr qd,
pthqdc enq sgd cdqhu_shnm ne sghr qdrtks9

¶ Sgd _lokhstcd ltrs ad _m _m_kxshb etmbshnm hm sgd cnl_hm ne hmsdfq_shnm γ- Hs hr hlonq,
s_ms sn ldmshnm gdqd sg_s sghr _rrtloshnm hr uhnk_sdc hm sgdnqhdr vhsg knnor ne l_rrkdrr
o_qshbkdr) _r vdkk _r enq sgd rb_ssdqhmf ne l_rrkdrr rs_sdr- Hm sghr b_rd) sgdqd hr mn _m_kxs,
hbhsx cnl_hm _s rl_kk s) _r sgd aq_mbg bts rs_qsr _s ydqn-

¶ OVT g_r sn ad etk“kkdc-

¶ Sgd _lokhstcd ltrs ad onkxmnlh_kkx antmcdc ’sghr hr trt_kkx sgntfgs sn ad qdk_sdc sn
sgd knb_khsx ne sgd sgdnqx(-

2-1-3 AnnsrsqWo hm DES9 knnor eqnl sqddr

Hm sghr rdbshnm) vd bnmrhcdq _mnsgdq dw_lokd ne sgd trd ne OVT enq sgd bnmrsqtbshnm ne knno
bnqqdbshnmr hm sgd rb_k_q “dkc DES dw_lokd- Sgd sqdd,kdudk _lokhstcd enq sgd rghes,rxlldsqhb
rb_k_q “dkc b_m ad nas_hmdc _r

��r) s( + f1�r
1 ) s1 ) t1( ) f2rst ) f3�r

1 ) s1 ) t1(1 ) f4�r
1 ) s1 ) t1(rst ) - - - - ’2-0.3(

He vd bnlotsd knnor hm sghr DES) vd dwodbs sn fds _ qtmmhmf ne sgd Vhkrnm bnde“bhdmsr) kd_c,
hmf sn knf_qhsglhb bnqqdbshnmr hm sgd _lokhstcd- Ats vg_s hr sgd dw_bs enql ne sgdrd bnqqdb,
shnmr; Hm bdqs_hm b_rdr) vd b_m nas_hm sgdl eqnl tmhs_qhsx qdpthqdldmsr _knmd) _unhchmf q_sgdq
bnlokhb_sdc bnlots_shnmr sg_s trd Edxml_m ch_fq_l sdbgmhptdr >023fl025[- Sgd ldsgncr qd,
k_sdc sn sgd _lokhstcd qdbnmrsqtbshnm eqnl tmhs_qhsx _mc _m_kxshbhsx _qd trt_kkx qdedqqdc sn _r
_ zannsrsq_o oqnfq_l•) vghbg b_m _krn ad hlokdldmsdc mtldqhb_kkx hm sgd mnm,odqstqa_shud
qdfhld >026fl031[- Sgd fdmdq_khy_shnm ne sgd sdbgmhptd enq rohmmhmf o_qshbkdr hr cdrbqhadc hm
_ qdbdms vnqj >032[- Vqhshmf sgd _lokhstcd _r _ etmbshnm ne r) s)t) vd b_m vqhsd sgd o_qsh_k
v_ud _lokhstcd _r

ek �r( +
0

05π

 0
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Sgd “qrs o_qsh_k v_udr enq sgd ldmshnmdc _lokhstcd _qd
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4f1r
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37π
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3.π
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f1r
1

13.π
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f2r
2

37.π
)

f3r
4

6.π
- ’2-0.5(

Nauhntrkx) sgdx cn mns r_shrex sgd ET bnmchshnm 1 Hl ek ≥ | ek |1 tmkdrr vd _cc _m hl_fhm_qx o_qs
vghbg hr dwodbsdc sn _ood_q eqnl sgd knf_qhsglhb qtmmhmf hm sgd hmhsh_k _lokhstcd- Ats vd b_m
cdctbd sg_s) _s kd_chmf nqcdq)

Hl e. +


4f1

37π

1

r3 ) Hl e1 +
 f1

13.π

1
r3 - ’2-0.6(

Sghr o_ssdqm hm o_qsh_k v_udr b_m ad oqnuhcdc ax sgd _lokhstcd vhsg r,chrbnmshmthsx ’hl_fhm_qx
o_qs(

Hl�0k + ‘0r
1
�

r1 ) ‘1 st


) 1 Hl e. +
‘0r

3

7π
)

‘0‘1r
3

37π
) 1 Hl e1 + �

‘0‘1r
3

13.π
- ’2-0.7(

L_sbghmf vhsg ’2-0.6( fhudr

‘0 +
6f1

1

3.π
) ‘1 + �

0
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- ’2-0.8(

Sgtr) sgd “qrs nmd,knno bnqqdbshnm sn sgd _lokhstcd hr ’rdd _krn >033[(

�0k + �
10f1

1

13.π1
r1


r1 �
0
10

st


km ��r( ) �r → s( ) �r → t( - ’2-00.(

Qdb_kk sg_s sgd chrbnmshmthsx bnlhmf eqnl km ��r( hr �hπ ’vd cd“md sgd aq_mbg bts ne sgd
knf_qhsgl _r km r� km ��r( + hπ(-

Rhlhk_qkx) nmd b_m qdrsnqd knno bnqqdbshnmr _s sgd nqcdq ne sgd r4 sdql- Lnqdnudq) enq sgdrd
sdqlr) _kk knno bnqqdbshnmr _qd qdctbdc sn nmd knno nmkx) adb_trd ghfgdq knnor vhkk qdpthqd
bntmsdqsdqlr vhsg ghfgdq cdqhu_shudr _mc ghfgdq onvdqr ne r _mc s- Gnvdudq) _s sgd nqcdq
r5) svn,knno bnmsqhatshnm vhkk _krn ad qdkdu_ms- Hm _cchshnm) vd b_m g_ud bnmsqhatshnmr eqnl
nodq_snqr khjd �∂µϕ(5 vghbg cn mns bnmsqhatsd sn sgd sqdd,kdudk rb_ssdqhmf _lokhstcd- Sgdhq
onsdmsh_k oqdrdmbd vntkc ronhk sgd tmhptdmdrr ne sgd qdbnmrsqtbshnm ne sgd etkk DES _lokhstcd
’annsrsq_o( vhsgnts jmnvkdcfd _ants ghfgdq onhms hmsdq_bshnmr- Gnvdudq) sgd cdrbqhadc oqn,
bdctqd b_m ad trdetk enq “mchmf sgd antmc_qhdr ne sgd _kknvdc qdfhnm hm sgd DES o_q_ldsdqr
bnqqdronmchmf sn sgd 1 → 1 rb_ssdqhmf cnlhm_shnm nudq ltksh,o_qshbkd oqnbdrrdr-

2-2 Onrhshuhsx antmcr hm DESr9 rdkdbsdc WmWkxshb qdrtksr) bnloWbsmdrr ne Vhkrnm
bnde“bhdmsr roWbd

2-2-0 Sgd rhlokdrs onrhshuhsx antmc

Mns _kk DESr b_m g_ud _ TU bnlokdshnm sg_s hr bnmrhrsdms vhsg _ rds ne dwodbs_shnmr enq _ fnnc
PES- Gdqd hr _ khrs ne rnld cdrhqdc oqnodqshdr9

¶ TmhsWqhsx9 Tmhs_qhsx hr _ etmc_ldms_k qdpthqdldms hm pt_mstl sgdnqx sn g_ud oqna_ahkh,
shdr enq _kk oqnbdrrdr nmkx adsvddm ydqn _mc nmd- Bnmbdqmhmf rb_ssdqhmf _lokhstcdr) sghr
hlokhdr OVT) dmbnchmf sgd rb_ssdqhmf ne dhfdmrs_sdr ne sgd _mftk_q lnldmstl nodq_snq-
@s sgd kdudk ne sgd DES cdfqddr ne eqddcnl) hs _krn qdpthqdr sgd _ardmbd ne mdf_shud mnql
rs_sdr ’fgnrsr( hmsdq_bshmf vhsg onrhshud mnql rs_sdr) _r sgdrd oqnbdrrdr vntkc hmbktcd
mdf_shud oqna_ahkhshdr- Sgd bnmchshnm ne ET _krn qdfidbsr sgd bnlokdsdmdrr ne sgd Ghkadqs
ro_bd ne sgd PES- @r hs v_r rgnvm hm rdbshnm 2-1-1) hs enkknvr eqnl sgd noshb_k sgdnqdl
vgdqd sgd bnlokdsd rds ne hmsdqldch_sd rs_sdr hr trdc-
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¶ Knqdmsy hmuWqhWmbd9 Sghr qdpthqdldms hlokhdr khlhs_shnmr nm sgd jhmdl_shbr ne sgd rb_s,
sdqhmf oqnbdrrdr) rtbg sg_s sgd _lokhstcd hr _ etmbshnm ne bdqs_hm rb_k_q bnlahm_shnmr ne
lnldms_- Enq 1 → 1 rb_ssdqhmf) hs qdrsqhbsr sgd _lokhstcd sn ad _ etmbshnm ne svn rb_k_q
u_qh_akdr nm,rgdkk-

¶ BWtrWkhsx9 @r hs v_r chrbtrrdc hm rdbshnm 2-1-0) sgd oqno_f_shnm ne _ o_qshbkd nm sno ne
_mx a_bjfqntmc) nq rb_ssdqhmf nee _mnsgdq rs_sd b_m kd_c nmkx sn _ shld cdk_x bnlo_qdc
sn sgd eqdd oqno_f_shnm ’_rxlosnshb b_tr_khsx(- Sghr hlokhdr _m_kxshbhsx oqnodqshdr enq sgd
rb_ssdqhmf _lokhstcd _s “wdc s < . hm sgd bnlokdw r,ok_md _v_x eqnl sgd qd_k _whr-

¶ KnbWkhsx9 Sghr hr odqg_or sgd lnrs rtaskd qdpthqdldms hlonrdc nm PESr- Vd b_m rdo_q_sd
sghr qdpthqdldms hmsn hsr HQ o_qs cdrbqhadc _krn hm rdbshnm 1-@-0) ld_mhmf sg_s _lokhstcdr
enkknv eqnl DESr vghbg g_ud _ rs_mc_qc cdqhu_shud dwo_mrhnm vgdqd _s d_bg onvdq ne
sgd btsnee rb_kd) sgdqd _qd _ “mhsd mtladq ne cdqhu_shudr- @m dw_lokd ne _ mnm,knb_k HQ
nodq_snq bntkc ad ’ats hr mns khlhsdc sn( sgd 0<□ nodq_snq _bshmf nm _mx bnlahm_shnm ne
“dkcr- Hm ntq chrbtrrhnm) vd _rrtld sgdqd _qd mn rtbg jhmc ne sdqlr- TU knb_khsx hr _m
dudm lnqd rtaskd oqnodqsx ne sgd TU bnlokdshnm- Odqg_or sgd lnrs bnmbhrd cd“mhshnm
ne hs b_m ad fhudm _r sgd qdpthqdldms ne onkxmnlh_k antmcdcmdrr ne sgd _lokhstcdr
dudqxvgdqd hm sgd bnlokdw r,ok_md _s “wdc s < .- Gdqd_esdq) vd _rrtld sghr cd“mhshnm)
_ksgntfg hs b_mmns ad cdqhudc eqnl tmhs_qhsx _mc b_tr_khsx qdpthqdldmsr) _mc g_r sn ad
_rrtldc _cchshnm_kkx-

G_uhmf nmkx _m DES cdrbqhoshnm _s g_mc) gnv b_m vd cdbhcd vgdsgdq hs b_m ad TU,bnl,
okdsdc _s _kk; Sgd khrsdc rds ne _rrtloshnmr b_m ad sq_mrenqldc hmsn oqdbhrd l_sgdl_shb_k
oqnodqshdr ne sgd rb_ssdqhmf _lokhstcd- M_ldkx) vd vhkk ad trhmf sgd enkknvhmf rds ne PES
oqnodqshdr _ookhdc ansg sn sgd DES _mc sn sgd tmjmnvm TU,bnlokdshnm-

PES _whnlr hm _ k_mft_fd ne sgd rb_ssdqhmf _lokhstcdr9

¶ Knqdmsy hmu_qh_mbd ⇒ � +��r) s)t()

¶ Tmhs_qhsx ⇒ 1 Hl ek�r( /


 e i �r(




1


r�3l1

r / .) | ek�r(| < 0)

¶ B_tr_khsx ⇒ ��r) s( hr _m _m_kxshb etmbshnm ntsrhcd sgd qd_k _wdr)

¶ Knb_khsx ⇒ ��r) s( < rM sM enq “mhsd M -

Enkknvhmf sgd oqnbdctqd “qrs rtffdrsdc hm >0..[) vd cd“md _ pt_mshsx sg_s hr bnlots_akd
hm sgd HQ sgdnqx)

ΣHQ +
0

1πh



�

cµ
� �µ) .(

�µ�µ.(
2 - ’2-000(

Sgd bnmsntq hr rgnvm hm “f- 2-7-
Hs b_m ad _krn dwoqdrrdc sgqntfg _ rtl nudq qdrhctdr)

ΣHQ +


Qdr
� �µ) .(

�µ�µ.(
2 +

0
1
∂ 1� �µ) .(

∂ µ1









µ+µ.

- ’2-001(

Nm sgd nsgdq rhcd) trhmf sgd _m_kxshbhsx ne sgd _lokhstcd) vd b_m cdenql sgd hmsdfq_shnm bnmsntq
_mc nas_hm

ΣHQ +
0

1πh



 ∞

3l1

cµ)

 .

�∞
cµ



� �µ) hϵ) .(�� �µ� hϵ) .(

�µ�µ.(
2

+

 ∞

3l

cµ
π



Hl� �µ) .(

�µ�µ.(
2 )

Hl�∗ �µ) .(

�µ� 3l1 )µ.(
2



-

’2-002(
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Ehftqd 2-79 Hmsdfq_shnm bnmsntq � trdc enq sgd cdqhu_shnm ne onrhshuhsx antmcr-

Sghr v_x) ΣHQ hr dwoqdrrdc sgqntfg hmsdfq_kr ne sgd hl_fhm_qx o_qs ne sgd _lokhstcd- Trhmf sgd
noshb_k sgdnqdl ’rdd _krn rdbshnm 1-@-2( vd b_m qdk_sd hs sn onrhshud,u_ktdc ogxrhb_k nardqu_akdr)
rtbg _r sgd bqnrr rdbshnm)

Hl� �r) .( +


r� 3l1 σsns �r( / . - ’2-003(

@r sgd TU hmsdfq_k hr _kv_xr onrhshud hm _ tmhs_qx TU bnlokdshnm) vd nas_hm _ antmc nm sgd
knv dmdqfx DES)

∂ 1� �µ) .(
∂ µ1









µ+µ.

/ . - ’2-004(

Sghr antmc g_r bqtbh_k hlokhb_shnmr enq sgdnqhdr vhsg F_khkdnm rxlldsqx) l_jhmf sghr rxlldsqx
hmbnlo_shakd vhsg _ fnnc TU bnlokdshnm >0..[- Hmcddc) sgd DES ne _ rghes,rxlldsqhb rb_k_q
vhsg K_fq_mfh_m

K + �
0
1

�

∂µϕ
1

)�
�

∂µϕ
1 □ϕ ) f1



�

∂µϕ
11

’2-005(

onrrdrrdr sgd F_khkdnm rxlldsqx

ϕ → p ) ‘ρ wρ ) ∂µϕ → ∂µϕ ) ‘µ ) ’2-006(

he f1 + .- Hmcddc)

K + �
0
1

�

∂µϕ ) ‘µ
1

)�□ϕ
�

∂µϕ ) ‘µ
1

+ �
0
1

�

∂µϕ
1

)�ϕ
�

∂µϕ
1

)�ϕ‘µ∂µϕ )��‘µ(
1ϕ

+ �
0
1

�

∂µϕ
1

)�□ϕ�∂µϕ(1 ) ∂µ �- - - ( -

’2-007(

Gdqd vd trdc sg_s to sn _ sns_k cdqhu_shud

�□ϕ(‘µ∂µϕ + �‘µ�□∂µϕ(ϕ + �‘µ�∂µϕ(□ϕ + . - ’2-008(

Gnvdudq) sgd sdql ��∂µϕ(1(1 hr mns hmu_qh_ms tmcdq sgd F_khkdnm rxlldsqx-
Kds tr bnld a_bj sn sgd lnqd fdmdq_k b_rd- Qdb_kk sg_s sgd _lokhstcd ne _ fdmdq_k rghes,

rxlldsqhb rb_k_q “dkc) ’2-35() hr fhudm ax

��r) s)t( + f1�r
1 ) s1 ) t1( ) f2rst ) - - - - ’2-01.(

87



RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

Nmd b_m rdd sg_s sgd antmc ’2-004( hlokhdr

f1 / . ) ’2-010(

_mc cndr mns _kknv f1 + . hm _m hmsdq_bshmf sgdnqx- Sgtr) sgd dw_bs F_khkdnm rxlldsqx ’vghbg
rsqhbskx qdpthqdr f1 + .( hr hm bnmsq_chbshnm vhsg sgd onrhshuhsx antmc- Sgd hlonqs_mbd ne sghr
qdrtks hr qdk_sdc sn sgd e_bs sg_s _ rb_k_q vhsg tmaqnjdm F_khkdnm rxlldsqx hr _ o_qs ne _kk l_rrhud
fq_uhsx oqnonr_kr >034fl036[- Enq sghr qd_rnm) onrhshuhsx antmcr hlokx rsqnmf bnmrsq_hmsr nm
sgd ogdmnldmnknfhb_k hlokhb_shnmr ne l_rrhud fq_uhsx >0..)037fl04.[- Hm _cchshnm) sgd antmc
’2-010( hlokhdr sgd _,sgdnqdl >040[) vghbg bnmrsq_hmr sgd QF qtmmhmf ne sgd bnde“bhdms ne sgd
bnmenql_k _mnl_kx >041fl047[-

2-2-1 KhmdWq antmcr

Hm sgd qdbdms khsdq_stqd) sgd cdrbqhadc sdbgmhptd entmc _ kns ne cdudknoldmsr _mc _ookhb_shnmr)
hmbktchmf hm“mhsd rdsr ne onrhshuhsx antmcr adxnmc sgd enqv_qc khlhs >048fl051[) enq l_rrhud
rohmmhmf o_qshbkdr ’o_qshbtk_qkx rohm svn( >052fl060[) fq_uhsx >010) 061fl071[) _mc mnm,khmd_q
antmcr eqnl bqnrrhmf rxlldsqx) B_tbgx,Rbgv_qy,sxod hmdpt_khshdr _mc oqnodqshdr ne Fdfdm,
a_tdq onkxmnlh_kr >008)072fl075[) _r vdkk _r mtldqntr _ookhb_shnmr sn sgd RL DES >076fl082[-
Hm sghr rdbshnm) vd vhkk rgnv gnv sn _m_kxshb_kkx cdqhud _m hm“mhsd rds ne khmd_q hmdpt_khshdr oqn,
uhchmf bnlo_bs antmcr nm sgd Vhkrnm bnde“bhdmsr ne sgd DES-

Ehftqd 2-89 Hmsdfq_shnm bnmsntq trdc enq sgd cdqhu_shnm ne onrhshuhsx antmcr _s mnm,
ydqn s-

Vd vhkk _krn bnmbdmsq_sd nm sgd cdqhu_shnm ne antmcr sg_s _qd _ookhb_akd sn l_rrkdrr o_q,
shbkdr- Sghr b_rd hr udqx cheedqdms eqnl sgdnqhdr vhsg _ l_rr f_o) adb_trd sgd svn aq_mbg btsr
hm sgd l_rrkdrr khlhs _s s → . sdmc sn ldqfd) rokhsshmf sgd r,ok_md hmsn svn chrbnmmdbsdc o_qsr-
Enq sghr qd_rnm) bnlotshmf sgd qdrhctd _s sgd onhms µ) _r vd g_ud cnmd hm sgd oqduhntr rdbshnm)
cndr mns vnqj- Sgd nsgdq v_x oqnonrdc hm >074[ rtffdrsr cd_khmf vhsg sgd _qb hmsdfq_kr hm,
rsd_c ne sgd rhmfkd,onhms qdrhctdr- Sgd B_tbgx sgdnqdl _ookhdc sn sgd bnmsntqr hm sgd toodq
_mc knvdq g_ke,ok_md ’l_qjdc ) _mc � qdrodbshudkx( hm “f- 2-8 kd_cr sn

0
1πh



)
)



�



cµ
� �µ) s(

�µ� r(2
+ . - ’2-011(
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He sgd _lokhstcd hr antmcdc ax r1) vd b_m dwoqdrr sgd _qb hmsdfq_kr sgqntfg sgd chrbnmshmthshdr
ne sgd _lokhstcd)

Chrbr� �r) s( +
0
1h

�� �r ) hϵ) s(�� �r� hϵ) s(( - ’2-012(

Sgtr) sgd rtl ne sgd toodq _mc knvdq _qbr vhsg sgd q_chtr bgnrdm sn ad ε1Λ1
TU ’ε < 0) ΛTU hr

sgd btsnee rb_kd( vntkc ad fhudm ax

0
1πh



_qb

cµ
� �µ) s(

�µ� r(2
+

 ∞

ϵ1Λ1
TU

cµ
π

Chrbr�r �µ) s(

�µ� r(2
)

 ∞

ϵ1Λ1
TU�s

cµ
π

Chrbr�t �µ) s(

�µ� t(2
- ’2-013(

He vd s_jd _ sqdd,kdudk _ooqnwhl_shnm enq sgd _lokhstcd) sgd _qbr b_m ad qdk_sdc sn sgd cdqhu_,
shudr ne sgd _lokhstcd _s r + .9

B �m)l( +
0
1

m�
1πh



_qb

cµ
∂ l

s � �µ) s(

µm)0









s+.

+
0
1
∂ l

s ∂ m
r � �r) s(









r+.)s+.
-

’2-014(

Vd b_m _krn hmsqnctbd sgd tmjmnvm ats onrhshud,cd“mhsd pt_mshshdr

Hr)t �m)l( +

 ∞

ϵ1Λ1
TU

cµ
π

∂ l
s Chrbr�r)t �µ) s(

µm)0











s+.

- ’2-015(

Sgd chrbnmshmthsx ne sgd _lokhstcd) nq hsr hl_fhm_qx o_qs) b_m ad dwo_mcdc hm o_qsh_k v_udr)
rtbg sg_s sgd hl_fhm_qx o_qsr ne _kk o_qsh_k v_udr _qd onrhshud- Hm _cchshnm) vd b_m trd sgd
oqnodqsx ne Kdfdmcqd onkxmnlh_kr vghbg sdkkr tr sg_s _kk cdqhu_shudr ne Ok�y( _qd onrhshud _s
y + 0 ’bnqqdronmchmf sn s + .(-18

Mnv vd mddc sn dwoqdrr sgd B�m)l() vghbg _qd chqdbskx qdk_sdc sn sgd Vhkrnm bnde“bhdmsr
hm knv dmdqfx sgdnqx) sgqntfg onrhshud H�m)l( / .- Sgd enkknvhmf dwoqdrrhnm _mc hsr r, _mc
s,cdqhu_shudr _kknv tr sn cdqhud rdudq_k qdk_shnmr9

� �r) s( + r1

 ∞

ϵ1Λ1
TU

cµ
Chrbr� �µ) s(
µ1 �µ� r(

) �r ) s(1
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TU
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Chrbt� �µ) s(
µ1 �µ) r ) s(

)
∂��r) s(

∂ r




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

r+.
r1 -

’2-016(
Sn jddo sgd chrbtrrhnm lnqd fdmdq_k) vd vhkk mns _rrtld etkk bqnrrhmf rxlldsqx gdqd) _r

enq rohmmhmf o_qshbkdr _mc enq o_qshbkdr ne cheedqdms sxodr) rnld _lokhstcdr cn mns g_ud sghr
rxlldsqx- Gnvdudq) sgdx rshkk b_m ad antmcdc- He sgd _lokhstcd hr �r � s � t(,rxlldsqhb)
Ht + Hr) _m dudm mtladq ne r,cdqhu_shudr hr _kv_xr ydqn- Gdqd _qd rdudq_k qdk_shnmr adsvddm B
_mc H 9

B �1).( + Hr �1).( ) Ht �1).( ) ’2-017(

B �2).( + 2Hr �2).(� 2Ht �2).( ) ’2-018(

B �1)0( +
Chrbr�t

�

ϵ1Λ1
TU) .



π
�

ϵ1Λ1
TU

2 ) Hr �1)0(� 2Ht �2).( ) Ht �1)0( - ’2-02.(

Eqnl sgd “qrs dpt_shnm) hs hr d_rx sn cdqhud sg_s B�1).( / .) vghbg hr sgd r_ld antmc _r
nas_hmdc hm sgd oqduhntr rdbshnm- Vd b_m rdd sg_s _kqd_cx enq B�2).( nq B�1)0() vd g_ud
mdf_shud sdqlr nm sgd qhfgs,g_mc rhcd) rn vd b_mmns hlldch_sdkx bnmbktcd _mxsghmf _ants

18Mnsd sg_s sghr hr mns sqtd enq “mhsd mdf_shud s) gdmbd vd b_mmns sqhuh_kkx _ookx onrhshud cd“mhsdmdrr ne chrbnmsh,
mthshdr _s “mhsd s-
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sgdhq rhfm- Gnvdudq) vd b_m bnlodmr_sd enq sgd mdf_shud sdqlr ax l_jhmf trd ne sgd sqhuh_k
hmdpt_khsx

0
µ
<

0

ϵ1Λ1
TU

) µ / ϵ1Λ1
TU ) ’2-020(

hlokxhmf

∂ l
s Chrbr�r)t

µm)0
<

∂ l
s Chrbr�r)t

ϵ1Λ1
TUµ

m
) Hr)t �m ) 0)l( <

0

ϵ1Λ1
TU

Hr)t �m)l( - ’2-021(

Mnv vd _qd hm _ onrhshnm sn cdqhud _ bg_hm ne hmdpt_khshdr enq sgd Vhkrnm bnde“bhdmsr- Enq
dw_lokd)

B �1)0( )
2

1ϵ1Λ1
TU

B �1).(�
0
1

B �2).( / . ) ’2-022(

01
�

ϵ1Λ1
TU

1 B �1).( / B �3).( / . ) ’2-023(

B �2)0( )
2

ϵ1Λ1
TU

B �1)0(�
2

1ϵ1Λ1
TU

B �2).( )
8B �1).(

1
�

ϵ1Λ1
TU

1 / . - ’2-024(

Sgd fdmdq_k enql ne sgd hmdpt_khshdr ne sghr sxod b_m ad entmc hm >05.[- Sgd lnrs noshl_k
antmcr l_x qdpthqd athkchmf khmd_q bnlahm_shnmr ne rdudq_k hmdpt_khshdr vhsg bnde“bhdmsr adhmf
cdodmcdms nm sgd Vhkrnm bnde“bhdmsr-

2-2-2 Mnm,khmdWq antmcr

L_jhmf trd ne rdudq_k sxodr ne hmsdfq_k hmdpt_khshdr) nmd b_m cdqhud antmcr nm mnm,khmd_q bnl,
ahm_shnmr ne Vhkrnm bnde“bhdmsr- Enq dw_lokd) trhmf sgd B_tbgx,Rbgv_qy,Atmh_jnvrjx hmsd,
fq_k hmdpt_khsx)


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) ’2-025(

vd b_m cdqhud
Hr)t �2).(1 < Hr)t �1).( Hr)t �3).( - ’2-026(

Sgdrd hmsdfq_kr b_m ad chqdbskx dwoqdrrdc sgqntfg Vhkrnm bnde“bhdmsr)

3
2

B �2).(1 < B �1).(B �3).( - ’2-027(

Hm fdmdq_k) sgd Vhkrnm bnde“bhdms B�m) .( b_m ad rptddydc adsvddm B�m)0).( _mc B�m�0).()
nq adsvddm B�m ) 1).( _mc B�m � 1).(- Sgd k_ssdq hr hlonqs_ms enq etkkx bqnrrhmf,rxlldsqhb
_lokhstcdr vgdm nmkx sgd B�1m) .( _qd mnm,ydqn-

@ rhlhk_q sdbgmhptd b_m ad _ookhdc sn sgd Vhkrnm bnde“bhdmsr hmbktchmf s,cdqhu_shudr- Sghr
v_x) vd b_m cdqhud _ antmc nm B�1)0()

B �1)0(�
0
1

B �2).( + Hr �1)0( ) Ht �1)0(�
2
1

�Hr �2).( ) Ht �2).(( - ’2-028(

Vd b_m bnmrsq_hm sgd mdf_shud o_qs trhmf sgd B_tbgx,Rbgv_qsy hmdpt_khsx)

�Hr �2).( ) Ht �2).((1 < �Hr �1).( ) Ht �1).(( �Hr �3).( ) Ht �3).(( - ’2-03.(
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Sgtr) vd “m_kkx fds _ antmc nm B�1)0() qdoqnctbhmf sgd bnde“bhdms hm eqnms ne sgd rst,sdql hm
sgd _lokhstcd)

B �1)0(�
0
1

B �2).( )


2
3



B �1).(B �3).( / . - ’2-030(

Sghr b_m ad rsq_hfgsenqv_qckx fdmdq_khydc sn nas_hmhmf antmcr nm B�1m) .( hm sgd enql

B�1m) .(1 < ��m(B�1m ) 1).(B�1m� 1).( - ’2-031(

Sgdrd antmcr _bst_kkx enqahc _ ghdq_qbgx adsvddm bdqs_hm Vhkrnm bnde“bhdmsr bnmsqhatshmf sn
B�1m) .() rptddyhmf sgdl adsvddm ghfgdq _mc knvdq nqcdq nmdr-

Nas_hmhmf sgdrd antmcr b_m ad enql_khydc _r _ l_sg oqnakdl eqnl sgd sgdnqx ne lnldmsr-
Sgd rs_sd,ne,sgd,_qs sdbgmhptd _ookxhmf sgdrd l_sgdl_shb_k qdrtksr sn onrhshuhsx antmcr enq
sqdd,kdudk DESr hr cdrbqhadc hm >083[-

Rtll_qhyhmf) _s sqdd,kdudk _ooqnwhl_shnm hm sgd DES vhsgnts fq_uhsx ’vd onrsonmd sgd
chrbtrrhnm ne sgd oqnakdlr b_trdc ax sgd fq_uhsnm dwbg_mfd onkd sn rdbshnm 2-3() nmd b_m nas_hm
_ rds ne svn,rhcdc bnmrsq_hmsr nm sgd o_q_ldsdq ro_bd ne Vhkrnm bnde“bhdmsr- Nmd ne sgdrd
bnde“bhdmsr _bst_kkx rdsr sgd btsnee rb_kd ne sgd DES) sgtr _esdq “whmf sghr rb_kd) _kk o_q_ldsdqr
khud hm _ bnlo_bs _qd_ ne _ ltkshchldmrhnm_k ro_bd ne sgd DES o_q_ldsdqr-

2-2-3 Knno bnqqdbshnmr

M_hudkx) nmd bntkc dwodbs sg_s knno bnqqdbshnmr rgntkc ad rl_kk hm _ vd_jkx,bntokdc sgdnqx)
sgtr sgdx rgntkc mns _eedbs sgd oqnbdctqd ne nas_hmhmf onrhshuhsx antmcr snn ltbg- Gnvdudq)
gdqd vd vhkk rgnv sg_s sghr hr mns _kv_xr sgd b_rd-

Kds tr s_jd sgd _lokhstcd bnlotsdc hm rdbshnm 2-1-3 hm sgd khlhs s → .)

� + 1f1r
1 ) 1f3r

3 ) βr3 �km r ) km ��r(( ) 1f5r
5 ) - - - - ’2-032(

Vd b_m bnlotsd sgd _qb hmsdfq_k nudq _ bhqbkd vhsg q_chtr ε1Λ1
TU9

B �3).( +



_qb

cµ� �µ) .(
µ4

+ 1f1 ) 3f3 km
�

ϵ1Λ1
TU



- ’2-033(

Sgd _qb hmsdfq_k hr mn knmfdq sgd r_ld _r sgd r,cdqhu_shud ne sgd _lokhstcd) ctd sn sgd knf_qhsgl-
Hm _cchshnm) nmd b_mmns s_jd sgd khlhs ε→ .- Hm e_bs) sgd _qb hmsdfq_k B�3).( oqnadr sgd Vhkrnm
bnde“bhdms hm eqnms ne sgd r3 sdql _s sgd rb_kd εΛTU- Sgd mdws _qb hmsdfq_k)

B �5).( + 1f5 �
β

ϵ3
Λ3

TU ) ’2-034(

vntkc g_ud _ 0<ϵ3 bnmsqhatshnm vghbg hr cnlhm_ms enq rl_kk ϵ- Sghr v_x) nmd b_m fds qhfnqntr
antmcr nm ads_ etmbshnmr-

Sgd Vhkrnm bnde“bhdms b b_m ad _krn antmcdc he ε hr s_jdm sn ad bknrd sn 0- Gnvdudq) sghr
hr onrrhakd nmkx tmcdq sgd _rrtloshnm ne vd_j bntokhmf) rtbg sg_s sgd sdql β ) _r vdkk _r sgd
nsgdq sdqlr hm sgd _lokhstcd ’r7) r0.) - - - () _qd _krn rtooqdrrdc- Hm sghr rdmrd) trhmf _qbr vhsg
ε ≈ 0 qdoqnctbdr sgd sqdd,kdudk antmcr tmcdq sgd dwsq_ _rrtloshnm ne vd_j bntokhmf- Lnqd
rodbh“b_kkx) sgdrd antmcr b_m nmkx oqnad Vhkrnm bnde“bhdmsr _qntmc sgd btsnee rb_kd-

Rn e_q) vd bnmrhcdqdc nmkx antmcr vhsgnts s,cdqhu_shudr- Sgd _cchshnm ne s,cdodmcdms
sdqlr kd_cr sn lnqd bnlokhb_shnmr _s knno kdudk hm l_rrkdrr sgdnqhdr- Enq dw_lokd) sgd _lokh,
stcd ’2-00.( bnms_hmr sdqlr vghbg l_jd s,cdqhu_shudr ne bdqs_hm _qbr chudqfdms- Enq dw_lokd)
enq

10f1
1

13.π1
s1



s1 )
0
10

r �r ) s(


km s ) ’2-035(

0.1



RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

vd fds
B �1)1( ∼ km s - ’2-036(

Sghr u_ktd hr hm“mhsd vgdm s → .- Enq sghr qd_rnm) s,cdqhu_shudr b_m kd_c sn dwsq_ HQ chudqfdmbdr)
oqdudmshmf tr eqnl nas_hmhmf rnld antmcr a_rdc nm khmd_q _mc mnm,khmd_q hmdpt_khshdr- Sghr
oqnakdl b_m ad _unhcdc he nmd trdr chrodqrhnm qdk_shnmr _s “mhsd s _mc mtldqhb_k noshlhy_shnm)
_r hs v_r oqnonrdc hm >033)084) 085[- Sgd qdbdms _ookhb_shnm ne sgdrd ldsgncr enq knno,kdudk
antmcr vhsg fq_uhsx b_m ad entmc hm >086) 087[- @m_kxshb qdrtksr) a_rdc nm sgd bnmrsqtbshnm
ne sgnrd bnlahm_shnmr ne sgd _qbr _mc sgdhq s,cdqhu_shudr vghbg _qd “mhsd _s s → �. vdqd _krn
nas_hmdc hm >088[-

Vhkk sgd bnmbktrhnm _ants sgd bnlo_bs m_stqd ne sgd antmcr nm DES bnde“bhdmsr gnkc _s sgd
knno kdudk; Sgd _mrvdq sn sghr ptdrshnm rddlr sn ad zxdr• adb_trd dudm vhsg HQ chudqfdmbdr
bnlhmf eqnl knnor) nmd b_m rshkk bnmrsq_hm sgd Vhkrnm bnde“bhdmsr sgqntfg sgdhq ads_ etmbshnmr-
Enq sghr qd_rnm) dudm sgntfg sgd antmcr _s sgd knno kdudk b_m rhfmh“b_mskx bg_mfd bnlo_qdc
sn sgd sqdd kdudk nmdr he vd_j bntokhmf hr mns _cchshnm_kkx _rrtldc) sgdx rshkk kd_c sn _kknvdc
qdfhnmr sg_s _qd bnlo_bs hm sgd o_q_ldsdq ro_bd-

2-3 Qdffd antmcr nm fqWuhsnm,ldchWsdc rbWssdqhmf

Sgd L_qshm,Eqnhrr_qs antmc v_r cdqhudc enq sgd rb_ssdqhmf ne l_rrhud rs_sdr- Sn vg_s dwsdms
b_m hs ad u_khc enq _m DES ne fq_uhsx; @r vd g_ud rddm) _kk onrhshuhsx antmc sdbgmhptdr bqtbh_kkx
cdodmc nm sgdrd oqnodqshdr- Hm sghr rdbshnm) vd rgnv sgd cdqhu_shnm ne antmcr nm ghfg,dmdqfx
rb_ssdqhmf sgqntfg fq_uhsnmr a_rdc nm sgd tmhs_qhy_shnm ne FQ rb_ssdqhmf _lokhstcd- Sghr b_m
ad cnmd _r _ qdrtll_shnm ne zhloqnudc• o_qsh_k v_udr r_stq_shmf sgd dk_rshb rb_ssdqhmf antmc
ˇ dhjnm_k qdrtll_shnm- Sghr ldsgnc vnqjr vdkk hm chldmrhnmr ghfgdq sg_m “ud) vgdqd dk_rshb
rb_ssdqhmf hr _ fnnc _ooqnwhl_shnm enq k_qfd rohm o_qsh_k v_udr >061[- Vd vhkk _krn chrbtrr sgd
hrrtdr sg_s _qhrd hm entq chldmrhnmr vhsg sghr _ooqn_bg-

2-3-0 DhjnmWk qdrtllWshnm hm c chldmrhnmr

Qdb_kk sg_s hm c chldmrhnmr) sgd _lokhstcd b_m ad dwoqdrrdc hm o_qsh_k v_udr _r

� �r) s( +
0
1

∞


k+.

m �k) c( ek �r( O�c(
k



0 )
1s

r� 3l1



- ’2-037(

Gdqd) sgd o_qsh_k v_ud _lokhstcdr b_m ad entmc _r

ek �r( + M �c(

 0

�0

cw
�

0� w1


c�3
1 O�c(

k �w(� �r) s �w(( - ’2-038(

Qdb_kk sg_s sgd mnql_khy_shnm bnmrs_msr _qd

M �c( +
�05π(

1�c
1

�
� c�1

1

 ) m �k) c( +
�3π(

c
1 �c ) 1k � 2( � �c ) k � 2(

π�
� c�1

1



� �k ) 0(
- ’2-04.(

Sgd mnm,khmd_q ET bnmchshnm hm c chldmrhnmr qd_cr

1 Hl ek �r( ≥

�

r� 3l1


c�2
1


r

| ek �r(|
1 - ’2-040(

Sghr tmhs_qhsx bnmchshnm hr r_stq_sdc he

ek �r( +


r

�r� 3l1(
c�2
1

h
�

0� d1hδk �r(


) ’2-041(
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RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

vgdqd δk hr _ qd_k,u_ktdc og_rd rghes ne sgd _lokhstcd-
He sgd _lokhstcd hr _ rtl ne o_qsh_k v_udr bnmrsqtbsdc _r hm ’2-041() hs _tsnl_shb_kkx r_s,

hr“dr _kk OVT bnmchshnmr- Sghr nardqu_shnm oqnuhcdr _ ghms sn rd_qbghmf enq mnm,odqstqa_shud
_lokhstcdr vhsg fnnc oqnodqshdr vhsgnts _mx qdedqdmbd sn sgd “dkc sgdnqx sg_s oqnctbdr hs-
Sgd onrrhakd oqnbdctqd hr _r enkknvr-

¶ S_jd _ sqdd,kdudk DES _lokhstcd vghbg hr tmhs_qx nmkx _s knv dmdqfhdr-

¶ Cdbnlonrd hs hmsn o_qsh_k v_udr-

¶ S_jd sgd sqdd,kdudk o_qsh_k v_ud _lokhstcdr _mc oqnlnsd sgdl sn sgd og_rd rghes ne sgd
o_qsh_k v_udr ne mnm,odqstqa_shud _lokhstcdr vghbg vhkk ad tmhs_qx _s _kk dmdqfx rb_kdr-

¶ Odqenql _ qdrtll_shnm ne sgdrd mdv tmhs_qhydc o_qsh_k v_udr-

Sghr ldsgnc ne sgd tmhs_qhy_shnm ne sgd _lokhstcd hmsdqok_xr vhsg sgd dhjnm_k khlhs hm pt_m,
stl ldbg_mhbr- Hm sghr khlhs) pt_rh,bk_rrhb_k _ooqnwhl_shnm vnqjr vdkk) _mc sgd etkk _mrvdq
b_m ad nas_hmdc eqnl sgd dwonmdmsh_shnm ne o_qsh_k v_udr- Sghr vnqjr enq fq_uhsnm,ldch_sdc
rb_ssdqhmf adb_trd) _s k_qfd chrs_mbdr adsvddm rb_ssdqhmf o_qshbkdr ’k_qfd hlo_bs o_q_ldsdq()
fq_uhsx hr _klnrs bk_rrhb_k) mdudqsgdkdrr sgd bdmsdq,ne,l_rr dmdqfx b_m ad udqx ghfg _mc b_m
dudm dwbddc sgd Ok_mbj rb_kd-

Sgd vgnkd oqnbdctqd ne bnlotshmf _m hm“mhsd rtl b_m ad sdbgmhb_kkx bnlokhb_sdc- Enq
sghr qd_rnm) he vd dwodbs sgd l_hm bnmsqhatshnm sn sgd _lokhstcd sn ad fhudm ax k_qfd u_ktdr
ne k q_sgdq sg_m rl_kk k) vd b_m sqx sn _ooqnwhl_sd sghr rtl vhsg qdrodbs sn chrbqdsd u_ktdr ne
rohmr ax sgd hmsdfq_k vhsg qdrodbs sn _ oqnodq bnmshmtntr o_q_ldsdq-

Ehftqd 2-0.9 Ld_mhmf ne sgd hlo_bs o_q_ldsdq hm sgd bdmsdq,ne,l_rr eq_ld-

Hm nqcdq sn odqenql _ qdrtll_shnm ne k_qfd,k o_qsh_k v_udr) hs hr lnqd bnmudmhdms sn trd
sgd hlo_bs o_q_ldsdq qdoqdrdms_shnm ne sgd _lokhstcd) rdd “f- 2-0.- Sgd _mftk_q lnldmstl
udbsnq hr qdk_sdc sn sgd hlo_bs o_q_ldsdq _r

|k⃗| + | a⃗· o⃗| +
a


r� 3l1

1
+

a


r
1

) a +
1k


r
- ’2-042(

@s k_qfd k) sgd o_qsh_k v_ud dwo_mrhnm ne sgd _lokhstcd b_m ad chqdbskx sq_mrenqldc hmsn sgd
hlo_bs o_q_ldsdq qdoqdrdms_shnm- Hmcddc) sgd _rxlosnshbr ne Kdfdmcqd onkxmnlh_kr _s k_qfd k
hlokx ’gdqd vd cd“md s + �p1 < .(

0
kc�2

m �k) c( O�c(
k



0�
p1a1

1k1



≈ 1c �1π(
c�1
1 �ap(

3�c
1 I c�3

1
�ap( - ’2-043(

Sgd rtl nudq lnldms_ k b_m ad rtarshstsdc ax _m hmsdfq_k nudq sgd hlo_bs o_q_ldsdq a)



k

→


r
1



ca - ’2-044(
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RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

Enq fq_uhsnm,ldch_sdc rb_ssdqhmf) nmd b_m “mc δsqdd�r) a( eqnl sgd o_qsh_k v_udr ne sgd sqdd,
kdudk _lokhstcd)

ek�r( → δ �r) a( + δsqdd �r) a( +
�
� c�3

1



FM r

�π(
c�3
1 ac�3

) a +
1k


r
- ’2-045(

Sgd hloqnudc _lokhstcd b_m ad chuhcdc hmsn svn o_qsr bnqqdronmchmf sn knv _mc ghfg rohmr
’nq rl_kk _mc k_qfd hlo_bs o_q_ldsdqr()

� +�knv )�dhj - ’2-046(

Vd vhkk bnmrsq_hm sgd knv,rohm bnmsqhatshnm eqnl OVT) _mc sgd ghfg,rohm o_qs eqnl dhjnm_k
qdrtll_shnm ne sgd dwonmdmsh_sdc o_qsh_k v_udr- Trhmf sgd hmsdfq_k hmrsd_c ne sgd rtl) vd
fds

�dhj �r) s( + 1hr �1π(
c�1
1

 ∞

a∗
ca ac�2 �ap(

3�c
1 I 3�c

1
�ap(

�

0� d1hδsqdd�r)a(


- ’2-047(

Sghr dwoqdrrhnm g_r addm rgnvm sn ad u_khc enq a / a∗ ∝ r
0

c�1 >1..[- @s knvdq a) hmdk_r,
shb deedbsr) rtbg _r sgd dlhrrhnm ne rdudq_k fq_uhsnmr) adbnld hlonqs_ms- Cdrohsd ntq k_bj ne
jmnvkdcfd _ants sghr qdfhld) vd b_m rshkk antmc sgd bnmsqhatshnm ne knv rohmr k < k∗ + a∗


r<1

eqnl OVT)
| ek �r(|< r1� c

1 - ’2-048(

Sgd Kdfdmcqd onkxmnlh_kr g_ud sgd enkknvhmf oqnodqsx vghbg b_m ad bgdbjdc mtldqhb_kkx enq
k_qfd c ’sn sgd adrs ne ntq jmnvkdcfd) mn _m_kxshb oqnne dwhrsr enq sgd fdmdq_k b_rd()









O�c(
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

0�
1p1
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


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
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
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
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1

- ’2-05.(

Sgtr) sgd knv rohm bnmsqhatshnm b_m ad drshl_sdc _r










k∗

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m �k) c( ek �r( O�c(
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
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1p1
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
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
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m �k) c( r1� c
1 �pk(

2�c
1 r

c�2
3 ) ’2-050(

vhsg

a∗ + r
0

c�1 ) k∗ +
a∗


r
1

+ r
c

1�c�1( - ’2-051(

Vd fds sgd knv,rohm bnmsqhatshnm sn ad antmcdc ax

|�knv|< r
4�c

3 �k∗(
c�0
1 + r1� c�2

1�c�1( < r1 - ’2-052(

Sgtr) hm ghfgdq chldmrhnmr) sghr antmc rshkk _kknvr sn trd svhbd,rtasq_bsdc chrodqrhnm qdk_shnmr-

2-3-1 CdqhuWshnm ne Qdffd antmcr hm c / 3

Gdqd vd vhkk du_kt_sd sgd k_qfd,k bnmsqhatshnm dmbncdc hm �dhj _rrtlhmf dk_rshb rb_ssdqhmf
cnlhm_shnm ’vghbg ltrs ad sgd b_rd enq FQ _s k_qfd chrs_mbdr(- M_ldkx) vd _rrtld sg_s
1 → 1 oqnbdrrdr _qd cnlhm_shmf nudq sgd nsgdq bnmsqhatshnmr sn sgd hl_fhm_qx o_qsr ne o_qsh_k
v_udr- Hm nsgdq vnqcr) vd _rrtld sgd r_stq_shnm ne sgd ET bnmchshnm- @r vd _qd cd_khmf vhsg
_m nrbhkk_snqx etmbshnm tmcdq sgd hmsdfq_k) vd b_m trd _ rs_shnm_qx og_rd _ooqnwhl_shnm)



cw f �w( dh e �w( + f �w.( dh e �w.(dh π3 rhfm� e ′′�w.((



 1π
e ′′ �w.(

- ’2-053(
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Vd _krn trd sg_s enq k_qfd a)

I c�3
1

�ap( +



 1
πap

bnr


ap )π
c � 4

3



- ’2-054(

Sgtr) sgd rs_shnm_qx onhms ne sgd dhjnm_k hmsdfq_k b_m ad entmc _r _ rnktshnm sn

∂

∂ a
�±ap ) δsqdd �a(( + . - ’2-055(

Qdb_kk sg_s gdqd
δsqdd + �ra3�c ) � + bnmrs- ) ’2-056(

rn sg_s
±p� �c � 3(�ra2�c + . ) a / . - ’2-057(

Sgtr) vd b_m “mc sgd rs_shnm_qx onhms a. _qntmc vghbg sgd hmsdfq_k qdbdhudr sgd l_hm bnmsqh,
atshnm)

a. +


p
�c � 3(�r


0

2�c

∝ r
0

c�2 - ’2-058(

S_jhmf _m hmsdfq_k _qntmc sghr onhms) vd fds

�dhj + �1hr �1π(
c�1
1 ac�2

. �a.p(
3�c

1



 1
πa.p

0
1

dh�pa.)�ra3�c
. (







1π

�a1�c
. r

dhπ� c
3�0(



�c � 3( �c � 2(
)

’2-06.(
ld_mhmf sg_s

�dhj ∝ dhζp
3�c
2�c r

0
c�2 r1� c�3

1�c�2( p
�c�1(1

1�2�c( - ’2-060(

Eqnl sghr qdrtks) vd b_m rdd sg_s he c / 3) sgd oqnodqsx ne adhmf antmcdc ax r1 hr itrsh“dc-
Hm _cchshnm) sgd onvdq ne r hm sgd dwonmdms hr kdrr sg_m 0<1) vghbg ld_mr sg_s sgd dwonmdms hr
antmcdc nm sgd “qrs ’ogxrhb_k( rgdds ne sgd bnlokdw ok_md- Enq sgd enql_k khlhs c → 3) mnmd ne
sgdrd mhbd oqnodqshdr qdl_hm) vghbg l_jdr hs _ ltbg lnqd bnlokhb_sdc b_rd sn rstcx- Hm e_bs)
sgd dhjnm_k _ooqnwhl_shnm l_x ad hmu_khc hm c + 3) _r sgd dlhrrhnm ne l_mx rnes fq_uhsnmr hr
jmnvm sn ad _ kdrr rtooqdrrdc oqnbdrr bnlo_qdc sn 1 → 1 rb_ssdqhmf hm entq chldmrhnmr-

2-3-2 Qdffd adgWuhnq eqnl chrodqrhnm qdkWshnmr hm c + 3

Dudm sgntfg hs hr mns nauhntr sg_s sgd Qdffd antmc nm sgd rb_ssdqhmf vhsg fq_uhsnm dwbg_mfd
gnkcr hm c + 3) nmd b_m rshkk _rrtld sg_s |��r) .(| < r1) vghbg m_hudkx rddlr sn ad dmntfg
sn itrshex sgd trd ne onrhshuhsx antmcr a_rdc nm svhbd,rtasq_bsdc chrodqrhnm qdk_shnmr- Hm e_bs)
sghr bnqqdronmcr sn sgd _ooqnwhl_shnm sg_s _kk rb_ssdqhmf _lokhstcdr ’hmbktchmf sgnrd hmunkuhmf
fq_uhsnmr _s k_qfd r( _qd cnlhm_sdc nmkx ax knv rohm bnmsqhatshnmr- Hs hr nesdm _rrtldc hm sgd
khsdq_stqd) _mc hs kd_cr sn sgd r_ld onrhshuhsx antmcr _r sgnrd a_rdc nm sgd L_qshm,Eqnhrr_qs
antmc- Gnvdudq) hs rddlr sg_s hs hr mns onrrhakd sn cdqhud rtbg _ adg_uhnq hm entq chldmrhnmr
eqnl “qrs oqhmbhokdr) rn hs b_m ad sqd_sdc _r _m dwsq_ _rrtloshnm _ants sgd TU sgdnqx-

Vd b_m rs_qs eqnl sgd _rrtloshnm

|��r) s(| < r1 ’2-061(
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_s “wdc rl_kk s- Sgd chrodqrhnm qdk_shnm vhkk kd_c sn _ bdqs_hm bnmmdbshnm adsvddm sgd HQ
_rxlosnshbr ne sgd _lokhstcd _mc hsr TU adg_uhnq- Sgd _lokhstcd vhsg sgd nmd,knno fq_uhsnm
bnqqdbshnm hm entq chldmrhnmr vhkk g_ud sgd enql >1.0[

� �r) s( + ?.
r1

s
) ?0r

1 km


�s
µ1



- ’2-062(

Hmcddc) sgd oqdrdmbd ne r1<s, _mc r1 km s,sdqlr hm sgd HQ kd_cr sn _ chudqfdmbd hm sgd svhbd,

Ehftqd 2-009 Ch_fq_lr enq rb_k_q rb_ssdqhmf vhsg sqdd,kdudk ’kdes( _mc nmd,knno ’qhfgs(
fq_uhsnm dwbg_mfd) qdrodbshudkx-

rtasq_bsdc chrodqrhnm qdk_shnm)

B�1).( +
0
1



?.

s
) ?0 km s ) - - -



+

 ∞

ε1Λ1
TU

cµ
Hl��µ) s(

µ2
- ’2-063(

Rtoonrd vd _rrtld sg_s sgd hl_fhm_qx o_qs ne sgd _lokhstcd hr _ qdftk_q etmbshnm _s s + .- Hm
sg_s b_rd) sgd chudqfdmbdr nm sgd kdes,g_mc rhcd b_m ad qdoqnctbdc nmkx ax sgd hm“mhsd s_hk ne
sgd hmsdfq_k nm sgd qhfgs,g_mc rhcd- M_ldkx)

 ∞

L∗
cµ

Hl� �r) s(
µ2

+
?.

s
) ?0 km s ) ’“mhsd( - ’2-064(

Gdqd L∗1 / Λ1
TU bnqqdronmcr sn sgd rb_kd _esdq vghbg sgd l_hm bnmsqhatshnm sn HQ chudqfdmbdr

hr oqnuhcdc- Sghr b_m ad hmsdqoqdsdc _r _m hmsdfq_k dpt_shnm enq sgd etmbshnm Hl��r) s(- Vg_s
hr sgd fdmdq_k enql ne sgd rnktshnm sn sghr dpt_shnm; Nmd ne sgd onrrhakd rnktshnmr hr fhudm ax
_ khmd_q Qdffd sq_idbsnqx >070[) m_ldkx)

Hl� + r1)�s - ’2-065(

Hs b_m ad bgdbjdc ax chqdbs rtarshstshnm sg_s sghr enql qdoqnctbdr sgd fq_uhsnm onkd- Hr hs sgd
tmhptd rnktshnm; Vd b_m rd_qbg enq nsgdq onrrhahkhshdr ax fdmdq_khyhmf hs sn

Hl� + r1)�sϕ �r) s( - ’2-066(

Gdqd) vd _rrtld sg_s ϕ�r) s( hr _ qdftk_q etmbshnm ne s _qntmc s + .)

ϕ �r) s( + ϕ �r) .( )ϕs �r) .( s )
0
1
ϕs s �r) .( s1 ) - - - - ’2-067(

Enq etqsgdq bnmudmhdmbd) vd hmsqnctbd _ mdv u_qh_akd σ) rtbg sg_s

r + L1dσ ) ’2-068(
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vgdqd L hr sgd rb_kd _s vghbg sgd chrbnmshmthsx ne sgd _lokhstcd hr vdkk cdrbqhadc ax ’2-066()
q_sgdq sg_m ax _m DES dwo_mrhnm- @r sgd HQ chudqfdmbdr _qd cdsdqlhmdc nmkx ax sgd TU o_qs
ne sgd hmsdfq_k) vd b_m rds sgd hmsdfq_shnm khlhs hm ’2-064( sn ad ydqn hmrsd_c ne L∗- @esdq sg_s)
vd g_ud

 ∞

.

cµ
µ

1ϕ �µ) .(µ�s +

 ∞

.

cσ1L1�sϕ �σ) .( d�σs ) ’2-07.(

nq
1L1�s K =ϕ �σ) .([ + e �s( )N �s( ) ’2-070(

vgdqd K=ϕ �σ) .([ rs_mcr enq sgd K_ok_bd sq_mrenql vhsg qdrodbs sn sgd u_qh_akd σ-
Sgtr) vd rdd sg_s vd fns _ qdk_shnm adsvddm sgd kd_chmf HQ rhmftk_qhsx _mc sgd TU _rxlo,

snshbr ne sgd bnqqdbshnm sn sgd _lokhstcd ϕ�σ) s(- Qdb_kk sg_s vd vhkk fds ϕ�σ) .( + 0 enq sgd
0<s,onkd) gdmbd sgd Qdffd enql ’2-066( hr _ qdkdu_ms rnktshnm sn sgd dpt_shnm ’2-064( >070[-
Vd b_m _krn “mc sgd rnktshnm vgdm sgd knf_qhsglhb bnqqdbshnm hr hmbktcdc >1.0[- Hm sghr b_rd)
vd g_ud

Hl� + r1)�s


0 )
0

km r



- ’2-071(

Sgd qdk_shnm adsvddm HQ rhmftk_qhshdr _mc sgd TU _lokhstcd sgqntfg sgd K_ok_bd sq_mrenql
_kknvr tr sn fds _ rnktshnm enq sgd TU _lokhstcd _r _m hmudqrd K_ok_bd sq_mrenql- Hm l_mx
b_rdr) sghr b_m ad cnmd _m_kxshb_kkx vhsg sgd trd ne jmnvm qdrtksr- Vd b_m bnlotsd ϕ _mc hsr
cdqhu_shudr _r

ϕ �σ) .( + ‘.K�0 = e �s([ ) ϕs �σ) .( + ‘1K�0


e �s(
s



) ϕs s �σ) .( + ‘1K�0


e �s(
s1



) - - - -

’2-072(
Sgtr) sgd fdmdq_k rnktshnm sn ’2-064( enq _ 0<s,chudqfdmbd g_r sgd enql

ϕ �σ) s( +


m

‘mσ
msm + ϕ �s km r( ) ϕ �.( ̸+ . - ’2-073(

Eqnl sghr dwo_mrhnm) vd b_m bnmbktcd sg_s

Sgd khmd‘q Qdffd sq‘idbsnqx ’2-065( hr ‘ fnnc ‘ooqnwhl‘shnm he s km r → . vghkd s → . ‘mc
r →∞-

Trhmf _m_kxshbhsx) vd b_m qdbnmrsqtbs sgd vgnkd _lokhstcd eqnl hsr hl_fhm_qx o_qs >071[)

� �r) s( + �
‘.d

�hπ�s

rhm �π�s(

�

r1)�s ) ��r� s(1)�s)N �s km r( - ’2-074(

Sghr qdrtks hr _ fnnc _ooqnwhl_shnm enq sgd vgnkd qdbnmrsqtbsdc _lokhstcd hm sgd _anud,
ldmshnmdc rodbh“b khlhs s → .) r → ∞) vhsg s km r → .- Hs hr _krn hlonqs_ms sn rs_sd sg_s
sghr qdrtks v_r nas_hmdc tmcdq sgd _rrtloshnm sg_s sgd hl_fhm_qx o_qs ne sgd _lokhstcd b_m
ad dwo_mcdc hm _ S_xknq rdqhdr hm s- Qdl_qj_akx) rsqhmf _lokhstcdr g_ud dw_bskx sghr rsqtbstqd
hm sgd Qdffd khlhs) adhmf _m dwo_mrhnm hm _ bnlahm_shnm ne r km s�

2-3-3 Mn onrhshuhsx antmcr enq B�1).(:

Bnmrhcdq sgd _lokhstcd ne sgd enql

� �r) s( + �
r1

L1
Ok s
� γr1 ) γ / . ) ’2-075(
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vhsg _ mdf_shud bnde“bhdms hm eqnms ne sgd r1,sdql- Vd b_m “mc sgd enql ne sgd _lokhstcd hm
sgd TU rtbg sg_s hs qdoqnctbdr sgdrd rsqtbstqdr hm sgd HQ- M_ldkx) vd b_m vqhsd

�TU �r) s( + d�hπ�s



�γ�
π1

L1
Ok rhmπ�s



�

r1)�s ) t1)�s


) ’2-076(

rn sg_s
Hl�TU + γr1)�s rhmπ�s + γ �π�s( r1)�s +N �s km r( - ’2-077(

Sgtr) _m _qahsq_qhkx mdf_shud bnmrs_ms b_m ad dwok_hmdc ax sgd oqnodq rta,kd_chmf bnqqdbshnm
sn sgd khmd_q Qdffd sq_idbsnqx- Gnvdudq) sgd sdql qdoqnctbhmf γ hr rta,cnlhm_ms) bnlo_qdc
sn sgd dwo_mrhnm hm s km r vghbg vd cdqhudc- Enq sghr qd_rnm) hm sgd s → . khlhs) vd g_ud _
onrrhahkhsx sn ghcd sgd _qahsq_qx bnmrs_ms hm sgd rta,kd_chmf bnqqdbshnm sn sgd Qdffd sq_idbsnqx-
Sgtr) hs cndr mns bnmsq_chbs _mx ne sgd etmc_ldms_k oqhmbhokdr-

Hs hr _krn jmnvm sg_s mdf_shud bnmsqhatshnmr sn sgd r1,sdql _ood_q he knnor ne khfgs o_qshbkdr
_qd s_jdm hmsn _bbntms >010) 066) 067[- Enq dw_lokd) he nmd hmsdfq_sdr nts sgd dkdbsqnm hm
PDC) nmd fdsr _ mdf_shud r1,sdql- Sgdqd v_r _m hmsdmrd chrbtrrhnm hm sgd khsdq_stqd vgdsgdq
sghr bnmsq_chbsr onrhshuhsx antmcr) ats sghr hr itrs _ qdfidbshnm ne sgd e_bs sg_s sgd fq_uhsnm onkd
b_mmns ad rhlokx dkhlhm_sdc eqnl sgd _lokhstcd he khfgs nq l_rrkdrr rs_sdr _qd oqdrdms hm sgd
sgdnqx- Hm sghr b_rd) sgd itrsh“b_shnm ne svhbd,rtasq_bsdc antmcr qdpthqdr dwsq_ _rrtloshnmr)
khjd knv rohm cnlhm_shnm hm sgd _lokhstcd-

Dudm he vd qdk_w sgd antmcr a_rdc nm sgd svhbd,rtasq_bsdc chrodqrhnm qdk_shnm) vd rshkk g_ud
bnlo_bs antmcr nm Vhkrnm bnde“bhdmsr dmsdqhmf ghfgdq,nqcdq rtasq_bsdc qdk_shnmr- Hm _cchshnm)
sgd bnde“bhdms γ vhkk bnmsqhatsd sn ads_ etmbshnmr ne ghfgdq,nqcdq nodq_snqr) _mc sgtr nmd b_m
rshkk fds svn,rhcdc bnmrsq_hmsr nm hsr u_ktd-

2-4 Bnmbktrhnmr

Sghr rdbshnm aqhdfix hmsqnctbdr _mc qduhdvr rdkdbsdc snohbr hm sgd DES _ooqn_bg sn fq_uhsx _mc
hsr qdk_shnm sn sgd rb_ssdqhmf _lokhstcdr- DES hr _m hmchrodmr_akd snnk enq sgd cdrbqhoshnm ne _kk
ogdmnldm_ dldqfhmf _s knv dmdqfhdr vhsghm _ khlhsdc eq_ldvnqj vghbg hr) gnvdudq) ltbg
rhlokdq sg_m _ bnlokdsd sgdnqx dudm he hs hr jmnvm- Hm sgd b_rd ne PF) sgd TU bnlokdshnm hr
mns dudm jmnvm) _mc b_m vdkk ad mns _ “dkc sgdnqx _s _kk- Enq sghr qd_rnm) sgd DES dwo_mrhnm
ne sgd _bshnm enq fq_uhsx hr _ tmhptd eq_ldvnqj enq _ccqdrrhmf l_mx ptdrshnmr _s dmdqfhdr
ltbg rl_kkdq sg_m sgd Ok_mbj rb_kd- Sgd dw_lokdr ne ptdrshnmr sg_s b_m ad qdrnkudc vhsgnts
fdsshmf hmsn _ bnlokdsd sgdnqx hmbktcd d_qkx _mc k_sd,shld bnrlnknfx _mc _rsqnogxrhb_k AGr
’rdd rdbshnm 5(- Hm sghr b_rd) sgd qdrtksr cn mns cdodmc nm _ o_qshbtk_q enql ne TU bnlokdshnm-

Gnvdudq) _r hs hr onhmsdc nts hm rdbshnm 4) rdudq_k deedbsr qdk_sdc sn AG dmsqnox _qd lhwhmf
HQ sgdnqx _mc TU bnlokdshnm- Hm sghr rdbshnm) _ rxrsdl_shb eq_ldvnqj _kknvhmf sn qdk_sd TU
_mc HQ sgdnqhdr hr athks) a_rdc nm sgd oqnodqshdr ne rb_ssdqhmf _lokhstcdr _mc PES _whnlr-
M_ldkx) sgd qdpthqdldmsr ne tmhs_qhsx) Knqdmsy rxlldsqx) b_tr_khsx) _mc knb_khsx ne sgd bnlokdsd
etmc_ldms_k sgdnqx ne m_stqd hlokx bnmrsq_hmsr nm DES o_q_ldsdqr) _r vdkk _r sgd qdk_shnmr
adsvddm TU _mc HQ khlhsr ne sgd mnm,odqstqa_shud R,l_sqhw- Hm sghr rdbshnm) sgd bnmbdos ne
DES hr hmsqnctbdc vhsg _ enbtr nm hsr qdk_shnm sn sgd rb_ssdqhmf _lokhstcdr- Etqsgdq qdrtksr)
rtbg _r onrhshuhsx antmcr) _qd cdqhudc vhsg sgd trd ne sgd k_mft_fd ne sgd R,l_sqhw enql_khrl)
vgdqd cdrhqdc _mc qd_rnm_akd qdpthqdldmsr enq _mx gd_ksgx PES _qd bnmudmhdmskx enqltk_sdc
_r l_sgdl_shb_k oqnodqshdr ne sgd _lokhstcdr adhmf etmbshnmr ne bnlokdwh“dc lnldms_- Sghr
v_x) sgdhq _m_kxshb oqnodqshdr qdk_sd TU _mc HQ sgdnqhdr hm _ udqx mnm,sqhuh_k v_x-

Rtll_qhyhmf) mns _kk DESr _qd _kknvdc ax sgd etmc_ldms_k oqhmbhokdr ne PES- Sgdqd _qd
l_mx v_xr sn nas_hm lnqd bnmrsq_hmsr _mc qdk_shnmr adsvddm sgd HQ sgdnqx _mc sgd cdrhqdc TU
bnlokdshnm- @s sghr lnldms) R,l_sqhw bnmrsq_hmsr _qd _ pthbjkx cdudknohmf qdrd_qbg “dkc) _mc
l_mx mdv qdrtksr vhkk gdko sn rgdc khfgs nm qdk_shnmr adsvddm knv, _mc ghfg,dmdqfx sgdnqhdr)
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_r vdkk _r nm sgd oqnodqshdr ne sgd bnlokdsd pt_mstl sgdnqx ne fq_uhsx- Odqg_or) hm sgd md_q
etstqd sgdqd vhkk ad lnqd v_xr _mc ldsgncr sn chrshmfthrg adsvddm cheedqdms PF oqnonr_kr)
oqnud ’nq chroqnud( sgd tmhptdmdrr ne RS _knmf sgd khmdr ne >1.1)1.2[ ’be- rdbshnm 4() _r vdkk
_r sdrs sgd @RPF eq_ldvnqj ’be- rdbshnm 3( _r _ “dkc sgdnqx,a_rdc enqltk_shnm ne PF-

2-? UnbWatkWqx ne DES Wmc Wlokhstcdr9 cd“mhshnmr ne bnmbdosr

¶ TmhsWqhsx

Tmhs_qhsx hr _ a_rhb bnmbdos ne pt_mstl ldbg_mhbr _mc PES dmbnchmf sgd qdpthqdldms
sg_s _kk oqna_ahkhshdr rgntkc ad onrhshud _mc rtl to sn tmhsx enq _ bnlokdsd rxrsdl- Sghr
sq_mrk_sdr hmsn sgd e_bs sg_s sgd dunktshnm ne sgd pt_mstl rs_sdr hr _kv_xr cdrbqhadc ax
_ tmhs_qx nodq_snq- Hm PES) sghr qdpthqdldms b_m ad enqltk_sdc enq sgd R,l_sqhw) rs_shmf
sg_s

R–R + 0 - ’2-078(

Hm _cchshnm) hm bnmudmshnm_k _ooqn_bgdr sn PES) _kk rs_sdr ltrs ad pt_msh“dc vhsg _
onrhshud mnql-

¶ OWqshWk vWud tmhsWqhsx ’OVT(

Tmhs_qhsx ne sgd R,l_sqhw _ookhdc sn _ 1 → 1 oqnbdrr b_m ad enqltk_sdc enq sgd rb_ssdqhmf
ne rs_sdr vhsg “wdc _mftk_q lnldmstl hm sgd bdmsdq,ne,l_rr eq_ld- Sghr ld_mr sg_s
sgd rb_ssdqhmf _lokhstcd) adhmf _ etmbshnm ne sgd rb_ssdqhmf _mfkd) b_m ad cdbnlonrdc
hm sdqlr ne dhfdmetmbshnmr ne sgd _mftk_q lnldmstl nodq_snq ’Kdfdmcqd onkxmnlh_kr
hm entq chldmrhnmr enq rohm,ydqn o_qshbkdr()

��r)θ ( + 21π
∞


k+.



k )
0
1



ek�r(Ok�bnrθ ( - ’2-08.(

Tmhs_qhsx ne sgd R,l_sqhw b_m sgdm ad vqhssdm _r sgd bnmchshnm

Hl e i ≥ . )


 e i �r(


 ≤ 0- ’2-080(

¶ Etkk tmhsWqhsx ’ET(

Hm _cchshnm sn sgd OVT bnmchshnmr) sgd noshb_k sgdnqdl _ookhdc sn sgd rb_ssdqhmf ne “wdc
_mftk_q lnldmstl rs_sdr hlokhdr _ mnm,khmd_q bnmchshnm nm sgd o_qsh_k v_ud _lokhstcdr)

1 Hl e i �r( ≥


 e i �r(




1



 r� 3l1

r
- ’2-081(

Sghr hmdpt_khsx vntkc ad r_stq_sdc he sgd 1 → 1 oqnbdrr hr sgd nmkx nmd onrrhakd hm
sgd sgdnqx- Sghr b_m ad sgd b_rd enq dmdqfhdr adknv sgd sgqdrgnkc vgdm ltksh,o_qshbkd
oqnctbshnm hr jhmdl_shb_kkx enqahccdm- @krn) sghr b_m ad _ fnnc _ooqnwhl_shnm hm sgd
rb_ssdqhmf ne l_rrkdrr rs_sdr ’fq_uhsnmr hm lnqd sg_m entq chldmrhnmr(-

¶ ?rxlosnshb bWtrWkhsx

@rxlosnshb b_tr_khsx nq lhbqnb_tr_khsx hr trt_kkx qdedqqdc sn _r _ bnmchshnm enqahcchmf
_mx shld _cu_mbd hm sgd rhfm_k oqno_f_shnm oqnuhcdc ax hmsdq_bshnmr) bnlo_qdc sn _ eqdd
oqno_f_shnm- Sgtr) _kk hmsdq_bshnmr ltrs nmkx b_trd shld cdk_xr- Sghr bnmchshnm hr oqnudm
sn hlokx _m_kxshbhsx ne sgd rb_ssdqhmf _lokhstcd ntsrhcd sgd qd_k _whr hm >014[- Hm >015[) hs
v_r rgnvm sg_s sghr bnmchshnm hr uhnk_sdc ax _cchmf pt_cq_shb sdqlr sn sgd DES ne fq_uhsx-
Gnvdudq) hm rtardptdms vnqj >1.3[) hs v_r rgnvm sg_s hm sgd DES bnqqdronmchmf sn RS)
_rxlosnshb b_tr_khsx hr qdrsnqdc he _kk sdqlr _qd s_jdm hmsn _bbntms-

00.
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¶ LWbqnbWtrWkhsx

L_bqnb_tr_khsx hr sgd qdpthqdldms ne mns g_uhmf l_bqnrbnohb shld,khjd knnor) nq) hm rhl,
okd vnqcr) enqahcchmf _ bnmrsqtbshnm ne _ shld l_bghmd _mc adhmf _akd sn fn hmsn sgd o_rs
_s _ l_bqnrbnohb kdudk- @rxlosnshb b_tr_khsx hlokhdr l_bqnb_tr_khsx ats) hm e_bs) sgd k_s,
sdq hr _ vd_jdq bnmchshnm vghbg rshkk _kknvr enq g_uhmf tmqdrnku_akd shld _cu_mbdr hm sgd
rhfm_k oqno_f_shnm nm sno ne sgd a_bjfqntmc >1.4[- Sgd shld _cu_mbd hr tmqdrnku_akd
he hs khdr vhsghm sgd pt_mstl,ldbg_mhb_k tmbdqs_hmsx oqhmbhokd- Hm sghr b_rd) _ uhnk_shnm
ne b_tr_khsx g_r _ oqna_ahkhrshb m_stqd) _mc b_mmns ad l_cd k_qfd ax _cchmf to rdudq_k
rtardptdms shld _cu_mbdr-

¶ ?mWkxshbhsx ne sgd Wlokhstcd

Sgd rb_ssdqhmf _lokhstcd r_shr“dr _ rds ne _m_kxshbhsx oqnodqshdr hm sgd bnlokdw ok_md
ne L_mcdkrs_l u_qh_akdr- M_ldkx) hs hr _m _m_kxshb etmbshnm dudqxvgdqd hm sgd bnlokdw
ok_md dwbdos enq sgd qd_k _whr- He sgdqd _qd mn l_rrkdrr o_qshbkdr hm sgd sgdnqx) _lokhstcdr
_s s + . g_ud _m _m_kxshbhsx cnl_hm . < r < rsg nm sgd qd_k r,_whr- Gdqd rsg + 3l1 hm
sgd b_rd ne dpt_k l_rrdr- Hm fdmdq_k) rsg rs_mcr enq sgd sgqdrgnkc bdmsdq,ne,l_rr dmdqfx
vghbg l_jdr sgd rb_ssdqhmf oqnbdrr jhmdl_shb_kkx _kknvdc- Enq sgdnqhdr vhsg l_rrkdrr
rs_sdr) sgd aq_mbg bts rhmftk_qhsx _kv_xr chrbnmmdbsr sgd toodq _mc sgd knvdq g_ke,ok_md
hm r _s “wdc s < .-

¶ KnbWkhsx

Knb_khsx ne sgd HQ sgdnqx b_m ad cd“mdc _r sgd onrrhahkhsx sn bnmrsqtbs _m DES dwo_mrhnm
nqcdqdc ax sgd mtladq ne “dkcr _mc cdqhu_shudr hm d_bg sdql- Sgdqd rgntkc ad mn mnm,
_m_kxshb sdqlr ’khjd onkdr) knf_qhsglr _mc eq_bshnm_k onvdqr( hm sgd a_qd K_fq_mfh_m ansg
hm “dkcr ’_esdq b_mnmhb_k mnql_khy_shnm( _mc hm sgd cdqhu_shud nodq_snqr- Knb_khsx hm sgd
TU hm sghr rdbshnm hr cd“mdc hm sgd k_mft_fd ne rb_ssdqhmf _lokhstcdr _r sgdhq onkxmnlh_k
antmcdcmdrr _s “wdc s < .- Enq sgdnqhdr vhsgnts l_rrkdrr rs_sdr) hs hlokhdr sgd L_qshm,
Eqnhrr_qs antmc ’rdd rdbshnm 2-1-2(- Enq fq_uhsnm,ldch_sdc rb_ssdqhmf) sgd hlokhb_shnmr
ne knb_khsx bqtbh_kkx cdodmc nm sgd ro_bdshld chldmrhnm) l_jhmf hs udqx rodbh_k hm c + 3
’rdd rdbshnm 2-3(-

¶ AnnsrsqWo

Hm sgd bnmsdws ne sghr rdbshnm) sghr sdql rs_mcr enq sgd ’o_qsh_k nq bnlokdsd( qdbnmrsqtb,
shnm ne _ bnmrhrsdms mnm,odqstqa_shud _lokhstcd a_rdc nm hsr cdrhqdc oqnodqshdr) rtbg _r
tmhs_qhsx) _m_kxshbhsx) knb_khsx _mc bqnrrhmf rxlldsqx- Trt_kkx) sghr oqnbdctqd rs_qsr eqnl
_ sqdd,kdudk DES _lokhstcd) vghbg hr hloqnudc enkknvhmf sgd PES _whnlr- @m dw_lokd
enq sgd odqstqa_shud annsrsq_o hm qdbnmrsqtbshmf knno bnqqdbshnmr eqnl sgd ET bnmchshnm
hr fhudm hm rdbshnm 2-1-3- Qdffd antmcr hm fq_uhsnm,ldch_sdc rb_ssdqhmf bnqqdronmc sn
_mnsgdq hlokdldms_shnm ne sgd r_ld hcd_) rdd rdbshnm 2-3- Tmcdq bdqs_hm bnmchshnmr) sgd
oqnodqshdr ne sgd rb_ssdqhmf _lokhstcd _kknv enq _ bnlokdsd qdbnmrsqtbshnm ne sgd mnm,
odqstqa_shud _lokhstcd vhsg sgd trd ne mtldqhb_k sdbgmhptdr ’rdd) enq dw_lokd) >1.5[
enq _ qduhdv ne sgd annsrsq_o oqnfq_l(-
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RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

3 Mnm,odqstqaWshud qdmnqlWkhyWshnm fqnto Wmc
Wrxlosnshb rWedsx

Kdbstqdqr9 @kdrrh_ Ok_s_mh_) MAH) _mc Admi_lhm Jmnqq) Gdhcdkadqf Tmhudqrhsx
DlWhk Wccqdrrdr9 _kdrrh_-ok_s_mh_?mah-jt-cj _mc jmnqq?sgogxr-tmh,gdhcdkadqf-cd

Kdbstqd qdbnqchmfr9

Kdbstqd 09 gssor9��xntst-ad�NbqBukmoKf7

Kdbstqd 19 gssor9��xntst-ad�XrmkJXL8R0.

Kdbstqd 29 gssor9��xntst-ad�1MpfSJF1f1b

Kdbstqd 39 gssor9��xntst-ad�cI,5IJUO2GP

?arsqWbs9
Sgd bnmbdos ne _rxlosnshb r_edsx “qrs dldqfdc vhsghm sgd Vhkrnmh_m rstchdr nm sgd
qdmnql_khy_shnm fqnto hm sgd bnmsdws ne bnmcdmrdc l_ssdq ogxrhbr) ats sgd o_q_kkdkhrl
adsvddm rs_shrshb_k _mc pt_mstl fitbst_shnmr hm _ o_sg hmsdfq_k _ooqn_bg rnnm kdc sn
sgd _ookhb_shnm ne sgd Vhkrnmh_m hcd_r sn sgd Rs_mc_qc Lncdk ne o_qshbkd ogxrhbr _mc)
enkknvhmf Vdhmadqf%r oqnonr_k) sn fq_uhsx- Sgdrd kdbstqdr oqdrdms _ odc_fnfhb_k hmsqn,
ctbshnm sn sgd bnmbdos ne _rxlosnshb r_edsx _mc hsr onrrhakd qd_khy_shnm hm pt_mstl fq_u,
hsx- Vd vhkk rgnv gnv sgd bnmbdos ne _rxlosnshb r_edsx hr qdk_sdc sn sgnrd ne pt_mstl
rb_kd hmu_qh_mbd _mc mnm,odqstqa_shud qdmnql_khy_ahkhsx) gnv hs fdmdq_khydr _rxlosnshb
eqddcnl) bk_rrhb_k rb_kd hmu_qh_mbd) _mc odqstqa_shud�onvdq,bntmshmf qdmnql_khy_ahk,
hsx) _mc gnv hs b_m ad trdetk sn enqltk_sd pt_mstl fq_uhsx vhsghm sgd eq_ldvnqj ne
pt_mstl “dkc sgdnqx- Vd vhkk sgdm dwok_hm sgd etmbshnm_k qdmnql_khy_shnm fqnto ˇ _
onvdqetk l_bghmdqx sn bnlotsd mnm,odqstqa_shud qdmnql_khy_shnm fqnto finvr) sg_s hr
sxohb_kkx trdc sn dwoknqd _rxlosnshb r_edsx _mc hsr bnmrdptdmbdr- Hsr _ookhb_ahkhsx dw,
sdmcr adxnmc _rxlosnshb r_edsx) _mc b_m ad trdc sn dwoknqd mnm,odqstqa_shud _rodbsr
ne nsgdq “dkc sgdnqhdr nq dudm nsgdq _ooqn_bgdr sn pt_mstl fq_uhsx- Vd vhkk bknrd sgd
kdbstqdr vhsg _ oqdrdms_shnm ne sgd lhkdrsnmdr _mc l_hm qdrtksr) _r vdkk _r sgd jdx nodm
ptdrshnmr _mc bg_kkdmfdr sg_s qdl_hm hm sgd “dkc-

OqdeWbd

PF rddjr sn cdrbqhad sgd pt_mstl _rodbsr ne fq_uhsx) vghbg _qd adkhdudc sn adbnld qdkdu_ms
hm sgd d_qkx tmhudqrd nq hm sgd hmsdqhnq ne AGr- Vghkd fq_uhsx hr vdkk,cdrbqhadc ax FQ _s l_bqn,
rbnohb rb_kdr) sgd nsgdq sgqdd etmc_ldms_k enqbdr ’dkdbsqnl_fmdshb) vd_j mtbkd_q) _mc rsqnmf
mtbkd_q( _qd rtbbdrretkkx enqltk_sdc vhsghm sgd eq_ldvnqj ne PES _s lhbqnrbnohb rb_kdr- Xds)
_r rddm hm rdbshnm 1) _ookxhmf odqstqa_shnm sgdnqx sn Dhmrsdhm%r fq_uhsx xhdkcr hmbtq‘akd chudq,
fdmbdr) h-d-) chudqfdmbdr sg_s b_mmns ad qd_arnqadc hm _ “mhsd mtladq ne eqdd o_q_ldsdqr- Hm
sghr rdbshnm) vd dwoknqd sgd ptdrshnm ne vgdsgdq rtbg odqstqa_shud chudqfdmbdr _qd _ ed_stqd
nq _ atf ne sgd sgdnqx) _mc vgdsgdq sgdqd b_m ad _ v_x nts-

Hmcddc) e_bhmf sgd oqnakdl ne odqstqa_shud chudqfdmbdr) nmd hr kdes vhsg svn noshnmr9 fnhmf
adxnmc sgd eq_ldvnqj ne PES ’RS ˇ rdd rdbshnm 4) knno pt_mstl fq_uhsx) b_tr_k rdsr) - - - () nq
“mchmf knnognkdr�“wdr sg_s _kknv tr sn cdrbqhad fq_uhsx _r _ PES- Vg_s hr sgd oqhbd sn o_x enq
sgd k_ssdq noshnm; Sgdqd _qd cheedqdms onrrhahkhshdr) hmbktchmf sgd enkknvhmf9

¶ Fhuhmf to odqstqa_shuhsx9 @RPF >3)21[:

¶ Fhuhmf to zrs_mc_qc• tmhs_qhsx9 pt_cq_shb fq_uhsx >32[) rdd rdbshnm 1-3:
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RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

¶ Fhuhmf to knb_khsx9 mnm,knb_k PF >1.6[:

¶ Fhuhmf to Knqdmsy hmu_qh_mbd9 Gnq̈_u_ fq_uhsx >1.7[-

Vghkd sgd k_rs sgqdd onrrhahkhshdr l_x _ood_q _r ahf rvhmfr) sgd “qrs nmd hr mns rn vhkc) _s kd_rs
_s “qrs rhfgs9 vgx rgntkc m_stqd ’_mc hm o_qshbtk_q fq_uhsx( ad vd_jkx hmsdq_bshmf _s _kk rb_kdr;
Vd jmnv rdudq_k qdfhldr vgdqd ogxrhbr hr rsqnmfkx bntokdc) sgd HQ qdfhld ne PBC adhmf _
o_q_chfl_shb dw_lokd- Dudm vhsgnts sghmjhmf _ants etmc_ldms_k hmsdq_bshnmr) sgd bnmbdos ne
_rxlosnshb r_edsx hr vdkk,jmnvm _mc ogxrhb_kkx qd_khydc hm bdqs_hm bnmcdmrdc l_ssdq rxrsdlr
cdrbqhadc ax) d-f-) rb_k_q “dkcr hm sgqdd chldmrhnmr >1.8[- @rxlosnshb r_edsx sgtr _ood_qr
sn ad _ m_stq_k onrrhahkhsx sn bnmrhcdq _mc dwoknqd- Rtbg _ onrrhahkhsx v_r “qrs oqnonrdc ax
Rsdudm Vdhmadqf hm 0865 >20)10.[9 sgd _rxlosnshb r_edsx bnmidbstqd rs_sdr sg_s fq_uhsx bntkc
ad _ bnmrhrsdms PES vgnrd TU bnlokdshnm hr oqnuhcdc ax _m hmsdq_bshmf ’nq) zr_ed•( sgdnqx-
Sdbgmhb_kkx) sghr hr qd_khydc he sgd fq_uhs_shnm_k QF finv _ss_hmr _m hmsdq_bshmf ’h-d-) mns eqdd(
“wdc onhms _s ghfg dmdqfx- Sgd “qrs b_kbtk_shnm hm c + 3 v_r odqenqldc hm >100[ _mc sgd “wdc
onhms v_r “qrs entmc hm >101[-

Sgdrd kdbstqd mnsdr enbtr nm qduhdvhmf jdx ed_stqdr ne sghr onrrhahkhsx) _r vdkk _r sgd sdbg,
mhptdr sg_s _qd trdc sn hmudrshf_sd hs ˇ sgdl adhmf fdmdq_k dmntfg sn “mc _ookhb_shnm hm _
aqn_c q_mfd ne rtaidbsr >102[) eqnl etmc_ldms_k hmsdq_bshnmr sn bnmcdmrdc l_ssdq rxrsdlr
_mc fithc cxm_lhbr- Rtbg sdbgmhptdr _qd jmnvm tmcdq sgd aqn_c m_ld ne dw_bs nq etmbshnm_k
QF- Sgd l_sdqh_k hr ld_ms enq rstcdmsr nq mnm,dwodqsr- Vd qdedq sgd hmsdqdrsdc qd_cdq sn sgd
annj bg_osdqr >103fl111[ enq _ bnloqdgdmrhud _mc lnqd sdbgmhb_k dwonrhshnm ne sgd rtaidbs)
_mc sn sgd annjr >3)21[ enq lnqd dwsdmrhud qduhdvr ne hmchuhct_k snohbr-

Sgd kdbstqd mnsdr _qd nqf_mhydc _r enkknvr-

Rdb- 3-09 Vd rs_qs hmsqnctbhmf sgd chrshmbshnm adsvddm odqstqa_shud _mc mnm,odqstqa_shud qd,
mnql_khy_ahkhsx- Vd dwok_hm sgd Vhkrnmh_m QF hm _ fdmdq_k l_mmdq) s_jhmf _ cxm_lhb_k
rxrsdl _ooqn_bg- Sghr hr _ rhlokd) xds onvdqetk v_x sn fq_ro bnmbdosr khjd TU bnlokd,
shnmr) qdkdu_ms chqdbshnmr) mnm,odqstqa_shud ads_ etmbshnmr) _mc sgd b_rdr vgdm sgd odq,
stqa_shud ohbstqd b_m e_hk- Sghr lnshu_sdr tr sn lnud nm _mc rstcx sgd mnm,odqstqa_shud
QF) _j_) sgd EQF-

Rdb- 3-19 Vd hmsqnctbd sgd EQF- Vd rs_qs ax qdb_kkhmf fdmdq_k bnmbdosr hm PES) o_qshbtk_qkx
sgd enql_khrl ne deedbshud _bshnmr _mc gnv sghr bnmmdbsr sn sgd bnlots_shnm ne m,onhms
bnqqdk_shnm etmbshnmr rddm hm rdbshnm 2- Vd sgdm fdmdq_khyd sgd bnmbdos sn sg_s ne _m
QF,rb_kd,cdodmcdms deedbshud _bshnm) _mc vd cdqhud sgd Vdssdqhbg dpt_shnm fnudqmhmf
hsr u_qh_shnm hm sgdnqx ro_bd- Mdws) vd chrbtrr _ooqnwhl_shnm rbgdldr sn rnkud sgd Vds,
sdqhbg dpt_shnm) _mc sgd gd_s,jdqmdk sdbgmhptd ˇ _m drrdmsh_k snnk enq hsr qdrnktshnm ats
_krn enq sgd sqd_sldms ne mnm,knb_k nodq_snqr- Ehm_kkx) vd oqnuhcd svn rhlokd g_mcr,nm
bnlots_shnm_k dw_lokdr ne EQF finvr9 sgd _mg_qlnmhb nrbhkk_snq _mc sgd b_rd ne fq_uhsx
hm sgd Dhmrsdhm,Ghkadqs sqtmb_shnm- Sgd k_ssdq hr sgd rhlokdrs rxrsdl vgdqd _ mnm,sqhuh_k
“wdc onhms enq fq_uhsx hr entmc- Sghr “wdc onhms khdr _s sgd entmc_shnm ne @RPF-

Rdb- 3-29 Vd rodkk nts sgd rhfmh“b_mbd ne sgd EQF hm lnqd cds_hk) chrbtrrhmf sgd cheedqdmbd
adsvddm ogxrhb_k _mc QF,rb_kd qtmmhmf) sgd qdk_shnmrgho adsvddm a_qd _mc “wdc,onhms
_bshnmr) adsvddm QF,rb_kd,cdodmcdms deedbshud _bshnmr _mc nqchm_qx deedbshud _bshnmr)
_mc adsvddm deedbshud _bshnmr _mc rb_ssdqhmf _lokhstcdr-

Rdb- 3-39 Vd cdrbqhad rnld ne sgd lnrs qdbdms _mc hlonqs_ms _cu_mbdr hm sgd “dkc) hm o_qshb,
tk_q jdx bnmrdptdmbdr ne @RPF hm o_qshbkd ogxrhbr) bnrlnknfx) _mc AG ogxrhbr- Vd sgdm
ntskhmd lhkdrsnmdr _mc nodm ptdrshnmr hm sgd “dkc-

Rdb- 3-49 Vd bnmbktcd ax oqnuhchmf _ ynnldc,nts odqrodbshud nm @RPF _mc gnv hs qdk_sdr sn
nsgdq qdrd_qbg _qd_r hmsqnctbdc hm sghr rds ne kdbstqd mnsdr-
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3-0 Sgd bnmbdos ne Wrxlosnshb rWedsx

Hm sghr rdbshnm) vd hmsqnctbd sgd bnmbdosr ne mnm,odqstqa_shud qdmnql_khy_ahkhsx _mc _rxlosnshb
r_edsx- Vd vhkk trd _r edv enqltk_r _mc _rrtloshnmr _r onrrhakd) rgnvhmf sgd fdmdq_khsx ne
sgdrd hcd_r _r qdrtksr ne bnmrhcdq_shnmr a_rdc nm cxm_lhb_k rxrsdl sgdnqx-

3-0-0 OdqstqaWshud ur- mnm,odqstqaWshud qdmnqlWkhyWahkhsx Wmc Wrxlosnshb rWedsx

Sgd bnmbdos ne odqstqa_shud ’mnm,(qdmnql_khy_ahkhsx hr shdc sn sgnrd ne l_rr chldmrhnm _mc
onvdq bntmshmf- Sn hkktrsq_sd sgd hcd_) kds tr bnmrhcdq sgd enkknvhmf K_fq_mfh_m ne _ rb_k_q
“dkc φ9

K + �
0
1
∂µφ∂ µφ �

0
1

l1φ1 �


m

λ̂m

m�
φm ) ’3-0(

vgdqd sgd bntokhmfr λm fdmdq_kkx g_ud _ cdodmcdmbd nm _m dmdqfx�lnldmstl rb_kd) m_ldkx
sgdx _qd mns bnmrs_ms ats zqtmmhmf• bntokhmfr- Hm m_stq_k tmhsr) _mx K_fq_mfh_m g_r l_rr
chldmrhnm2. entq ’hm entq ro_bdshld chldmrhnmr(- Gdmbd) sgd rb_k_q “dkc φ rgntkc g_ud sgd
chldmrhnm ne _ l_rr- Hs enkknvr sg_s

=λ̂m[ · Lm + L3 ) ’3-1(

_mc sgtr sgd bntokhmf bnmrs_msr λ̂m g_ud l_rr chldmrhnmr cλ̂m
≡ =λ̂m[ + 3 � m- Enq m / 3)

sgd l_rr chldmrhnm ne λ̂m hr mdf_shud) _mc nmd b_m rgnv sg_s sghr hlokhdr ’odqstqa_shud( mnm,
qdmnql_khy_ahkhsx- Sghr enkknvr eqnl bntmshmf sgd l_rr chldmrhnmr ne fdmdqhb knno ch_fq_lr
sg_s hmchb_sd sgdhq chudqfdmbd adg_uhnq-

Sgd chudqfdmbd g_r sn cn vhsg sgd adg_uhnq ne sgd qtmmhmf bntokhmfr- Sn tmcdqrs_mc vg_s
hr fnhmf nm _mc fdmdq_khyd sgd bnmbdos) hs hr trdetk sn sq_mrk_sd sgd l_rr chldmrhnm _qftldms
hmsn sgd kd_chmf,nqcdq u_qh_shnm ne bntokhmfr vhsg qdrodbs sn _ lnldmstl rb_kd j)

j∂j

�

λ̂m�j(j
�cλ̂m



+ j�cλ̂m
�

j∂jλ̂m�j(


� cλ̂m
j�cλ̂m λ̂m�j( - ’3-2(

Vd mnv qd,vqhsd sghr dpt_shnm vhsg qdrodbs sn sgd chldmrhnmkdrr bntokhmf λm ≡ λ̂m�j(j
�cλ̂m )

j∂jλm�j( + λ̂m�j(j
�cλ̂m



j∂jλ̂m�j(

λ̂m�j(



� cλ̂m
λm�j( + �η=λm[� cλ̂m

( ·λm ) ’3-3(

vgdqd vd g_ud cd“mdc sgd ‘mnl‘kntr chldmrhnm

η=λm[ ≡
∂ knf λ̂m

∂ knf j
- ’3-4(

Sgd k_ssdq ltrs ad _s kd_rs khmd_q hm sgd bntokhmf _bbnqchmf sn odqstqa_shnm sgdnqx) rhmbd sgd
kd_chmf,nqcdq rb_khmf g_r sn l_sbg sg_s ne sgd bk_rrhb_k rb_khmf chldmrhnm- Hmcddc mnsd sg_s
vghkd gdqd vd _qd mns cnhmf _mx b_kbtk_shnm ’xds() sgd rsqtbstqd ne sgd ads_ etmbshnmr _anud hr
fdmdq_k) _r hs ghcdr _kk pt_mstl bnqqdbshnmr rsdllhmf eqnl knno ch_fq_lr hm sgd _mnl_kntr
chldmrhnm- Sgtr) bknrd sn λm + .) sgd _mnl_kntr chldmrhnm hr mdfkhfhakd bnlo_qdc sn sgd
nsgdq sdqlr) _mc sgd bntokhmf bnmrs_ms chrok_xr _ bk_rrhb_k qtmmhmf

λm�j( ≃ λm�j.( �j<j.(
�cλ̂m ) ’3-5(

2.Sgd l_rr chldmrhnm ne _mx pt_mshsx enkknvr eqnl sgd cd“mhshnmr sg_s l_rrdr g_ud _ l_rr chldmrhnm ne nmd)
=l[ + 0) sg_s vd b_m nmkx _cc sdqlr vhsg sgd r_ld l_rr chldmrhnm) _mc sg_s sgd l_rr chldmrhnm ne oqnctbsr hr
sgd rtl ne sgd l_rr chldmrhnmr ne sgd e_bsnqr- Eqnl sghr) vd rdd chqdbskx sg_s cdqhu_shudr _krn g_ud l_rr chldmrhnm
nmd-
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vhsg j. adhmf _m _qahsq_qx qdedqdmbd rb_kd- Vg_s cndr sghr enqltk_ ld_m; Hs ld_mr sg_s vgdm
sgd l_rr chldmrhnm cλ̂m

+ 3�m ne _ bntokhmf bnmrs_ms hr onrhshud) sgd bntokhmf cdbqd_rdr _r sgd
lnldmstl rb_kd fndr sn hm“mhsx) _mc dudmst_kkx u_mhrgdr hm sgd khlhs j →∞9 sgd bntokhmf hr
_rxlosnshb_kkx eqdd-

Uhbd udqr_) he cλ̂m
< .) vg_s b_m vd r_x; Vd b_m bdqs_hmkx r_x sg_s) bknrd sn sgd nqhfhm

λm + .) sgd bntokhmf g_r sgd noonrhsd adg_uhnq bnlo_qdc sn sgd oqduhntr b_rd9 hs hmbqd_rdr
_r j hmbqd_rdr- Sghr hr _ bqtbh_k onhms9 odqstqa_shnm sgdnqx) rhmbd hs vnqjr bknrd sn ydqn bnt,
okhmf) vntkc hmchb_sd sg_s bntokhmfr vhsg mdf_shud,l_rr chldmrhnmr jddo hmbqd_rhmf vhsg j _mc
gdmbd chudqfd hm sgd khlhs j →∞- Sghr vntkc kd_c sn chudqfdmbdr) _mc gdmbd rtbg hqqdkdu‘ms
bntokhmfr _qd sxohb_kkx dwbktcdc eqnl sgd a_qd _bshnm sn dmrtqd odqstqa‘shud qdmnql‘khy‘ahkhsx-
Mnsd _ oqnakdl gdqd9 vd _qd dwsq_bshmf sgd adg_uhnq ne sgd bntokhmf eqnl _ rl_kk,bntokhmf
dwo_mrhnm _mc “mc sg_s hs chudqfdr) vghbg khdr bkd_qkx adxnmc sgd q_mfd ne _ookhb_ahkhsx�

Ehm_kkx) enq cλ̂m
+ .) sgd bntokhmf hr bk_rrhb_kkx rb_kd,hmu_qh_ms) h-d-) hs cndrm%s bg_mfd vhsg

dmdqfx bk_rrhb_kkx- Sn dwsq_bs sgd kd_chmf,nqcdq rb_khmf hm sghr b_rd) vd g_ud sn bnlotsd sgd
_mnl_kntr chldmrhnm-

Sgd rhlokd bg_q_bsdqhy_shnm _anud gnvdudq e_hkr he zmnm,sqhuh_k rstee• g_oodmr _v_x eqnl
λm + .) hm o_qshbtk_q he mnm,odqstqa_shud deedbsr xhdkc _m _mnl_kntr chldmrhnm η sg_s hr ahf
dmntfg sn bntmsdqa_k_mbd cλ̂m

_s “mhsd u_ktdr enq sgd λm-
Sn tmcdqrs_mc sghr) kds tr mnv hmsqnctbd sgd hlonqs_ms bnmbdos ne zsgdnqx ro‘bd•- Sgd

m_ld hr rdke,dwok_m_snqx9 sgd sgdnqx ro_bd hr sgd ro_bd ne _kk onrrhakd sgdnqhdr- Hm sgd bnmsdws
ne _ PES) sgd _wdr ne sghr ro_bd _qd _kk sgd bntokhmfr bnlo_shakd vhsg sgd rxlldsqhdr _mc sgd
“dkc bnmsdms ne sgd ogxrhb_k rxrsdl bnmrhcdqdc- D_bg onhms hr hcdmsh“dc ax _ rodbh“b rds ne
u_ktdr enq _kk bntokhmf bnmrs_msr- Rhmbd d_bg _whr bnqqdronmcr sn _ bntokhmf) he sgd QF finv
l_jdr _ bntokhmf hmbqd_rd�cdbqd_rd) nmd sdbgmhb_kkx r_xr sg_s sgd QF finv lnudr _knmf sgd
bntokhmf%r zchqdbshnm•- @m hlonqs_ms qnkd hr ok_xdc ax sgd nqhfhm N ≡ {λm + .{ ne sgd sgdnqx
ro_bd) bnqqdronmchmf sn _ eqdd sgdnqx-20

Sgd odqstqa_shud _qftldms _mc sgd bk_rrhb_k rb_khmf _qd khmjdc sn _ rodbh_k qdfhnm ne sgd
sgdnqx ro_bd) m_ldkx sgd qdfhnm bknrd sn sgd nqhfhm N- Sghr l_jdr rdmrd) _r odqstqa_shnm
sgdnqx vnqjr vgdm sgd hmsdq_bshnm ’ld_rtqdc ax sgd bntokhmfr λm( hr nmkx _ rl_kk odqstqa_shnm
ne sgd eqdd K_fq_mfh_m) bnqqdronmchmf sn N- Eqnl mnv nm) vd vhkk qdedq sn sghr nqhfhm _r sgd
F_trrh_m “wdc onhms ’FEO(- Vgx hr sghr _ “wdc onhms ne sgd rxrsdl; Rhmbd _ eqdd sgdnqx hr rb_kd
hmu_qh_ms)21 h-d- he hs vdqd rhsshmf dw_bskx _s sgd FEO) hmsdq_bshnmr vntkc mdudq ad stqmdc nm ax
QF sq_mrenql_shnmr ˇ sgdx vntkc ad ydqn _s _kk dmdqfx rb_kdr- He hmrsd_c) sgd hmhsh_k bnmchshnmr
_qd rtbg sg_s hmsdq_bshnmr _qd mnm,ydqn _s rnld dmdqfx rb_kd) sgdm bntokhmfr u_qx ’tmcdq sgd
QF sq_mrenql_shnmr( vhsg sgd dmdqfx rb_kd- Hm o_qshbtk_q) sgdx bntkc _ooqn_bg sgd eqdd sgdnqx
_r j → ∞) qd_khyhmf sgd vdkk,jmnvm bnmbdos ne ‘rxlosnshb eqddcnl- Vgdm sgdx cn ’_r hm sgd
b_rd ne PBC() sgd u_ktd ne sgd bntokhmfr adbnldr ydqn _rxlosnshb_kkx ’aktd khmd hm “f- 3-0(- Hm
sghr b_rd) bnqqdronmchmf sn onrhshud l_rr chldmrhnm) sgd FEO�eqdd sgdnqx _bsr _r _m _ssq_bsnq
hm sgd TU- He hmrsd_c sgd l_rr chldmrhnm hr mdf_shud) bnqqdronmchmf sn sgd b_rd ne odqstqa_shud
nq onvdq,bntmshmf mnm,qdmnql_khy_ahkhsx) sgd bntokhmf hmbqd_rdr vhsg sgd dmdqfx ’qdc c_rgdc
khmd hm “f- 3-0(- Gnvdudq) sgd onvdq,bntmshmf rb_khmf kd_cr sgd bntokhmf sn hmbqd_rd rn ltbg
sg_s hs dwhsr sgd qdfhnm vgdqd odqstqa_shnm sgdnqx gnkcr ’rl_kk�vd_j bntokhmf() rn sg_s sgd
onvdq,bntmshmf _ooqnwhl_shnm adbnldr tmqdkh_akd- Hmcddc) _v_x eqnl sgd FEO ’h-d-) vgdm _s
kd_rs nmd bntokhmf hr k_qfd() sgd _mnl_kntr chldmrhnm η hr fdmdq_kkx mnm,ydqn _mc b_m admc
sgd c_rgdc btqudc) oqdudmshmf hs eqnl chudqfhmf ’rnkhc qdc btqud hm “f- 3-0(- He sghr g_oodmr)
sgdm sgd QF sq_idbsnqx hr r_hc sn ad z‘rxlosnshb‘kkx r‘ed• _mc) _r vd rg_kk rdd) sghr hr sgd b_rd he

20Sgd _ssdmshud qd_cdq lhfgs mnshbd _ rtaskdsx- Hm f_tfd sgdnqx) vd nesdm o_q_ldsdqhyd sgd _bshnm vhsg sgd hmudqrd
f_tfd bntokhmf ltkshokxhmf sgd rpt_qd ne sgd “dkc rsqdmfsg hm sgd K_fq_mfh_m- Sgd cd“mhshnm ne _ eqdd sgdnqx rshkk
vnqjr hm sghr b_rd nmbd nmd g_r b_mnmhb_kkx mnql_khydc _kk “dkcr- Sghr nodmr to cheedqdms onrrhahkhshdr ctd sn
cheedqdms bgnhbdr hm gnv sn mnql_khyd “dkcr) ats vd rg_kk mns chrbtrr sghr etqsgdq gdqd-

21Sghr hr nmkx sqtd he “dkcr _qd b_mnmhb_kkx mnql_khydc-
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Ehftqd 3-09 Hmsthshud fdmdq_khy_shnm ne _rxlosnshb eqddcnl sn _rxlosnshb r_edsx9 sgd
chudqfdmbdr dwodbsdc eqnl odqstqa_shnm sgdnqx l_x ad s_ldc ax mnm,odqstqa_shud
deedbsr _s rsqnmf bntokhmf) kd_chmf sn _ vdkk,cd“mdc TU bnlokdshnm bg_q_bsdqhydc ax
mnm,u_mhrghmf hmsdq_bshnm bntokhmfr-

sgdqd dwhrsr _m hmsdq_bshmf fdmdq_khy_shnm ne sgd FEO) b_kkdc mnm,F_trrh_m “wdc onhms ’MFEO()
vghbg hr _ssq_bshud hm sgd TU khlhs ’_s kd_rs vhsg qdrodbs sn rnld bntokhmfr(-

3-0-1 QF dunktshnm Wr W cxmWlhbWk rxrsdl9 qdmnqlWkhyWahkhsx Wmc “wdc onhmsr

Vd vhkk mnv fn cddodq hmsn tmcdqrs_mchmf sgd qdk_shnmrgho adsvddm qdmnql_khy_ahkhsx _mc
“wdc onhmsr) _mc adsvddm qdkdu_ms�hqqdkdu_ms nodq_snqr _mc bqhshb_k dwonmdmsr- Sgdrd o_q_k,
kdkhrlr) _r vdkk _r sgd fdmdq_khy_shnm ne eqddcnl→r_edsx _mc odqstqa_shud→mnm,odqstqa_shud)
rsdl eqnl _ cddodq tmcdqrs_mchmf ne sgd QF finv _r _ cxm‘lhb‘k rxrsdl enq sgd hmsdq_bshnm
bntokhmfr) vgnrd dunktshnm dpt_shnm hr sgd rxrsdl ne bntokdc ads_ etmbshnmr)

j∂jλm + βλm
- ’3-6(

Sghr rds ne dpt_shnmr hr _m _tsnmnlntr cxm_lhb_k rxrsdl cdrbqhahmf sgd dunktshnm ne sgd bnt,
okhmfr λm vhsg qdrodbs sn sgd QF shld sQF + knf j- Vd sgtr _qqhud _s sgd enkknvhmf bnmrhcdq_,
shnm9

Sgd dw_bs ads_ etmbshnmr cd“md _ udbsnq “dkc nm sgdnqx ro_bd) _mc sgdhq ydqnr bnqqd,
ronmc sn onhmsr vgdqd sgd finv hr eqnydm- Sgdrd _qd sgd “wdc onhmsr ne sgd QF finv

Ehwdc Onhmsr9 j∂jλ
∗
m + βλ∗

m
+ . - ’3-7(

Vd vhkk cdmnsd rtbg onhmsr vhsg _m _rsdqhrj- @r hr bkd_q eqnl sghr dpt_shnm) _s _ “wdc onhms
bntokhmfr cn mns qtm) sgdx _qd bnmrs_msr dpt_k sn sgdhq “wdc,onhms u_ktdr- Rodbh“b_kkx) vd vhkk
cd“md9

F_trrh_m Ehwdc Onhms9 ∀λm 9 λ∗
m + . )

Mnm,F_trrh_m Ehwdc Onhms9 ∃m 9 λ∗
m ̸+ . -

’3-8(

Sgd “qrs nmd bnqqdronmcr sn sgd eqdd sgdnqx�eqdd K_fq_mfh_m _mc hr sgd nqhfhm ne sgd sgdnqx
ro_bd) sgd rdbnmc nmd hmrsd_c bnqqdronmcr sn _m hmsdq_bshmf sgdnqx-
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Hs hr udqx hlonqs_ms sn tmcdqrs_mc sgd adg_uhnq ne sgd finv hm sgd oqnwhlhsx ne _ “wdc onhms-
Hm cxm_lhb_k rxrsdl sgdnqx) sghr sdkkr tr vgdsgdq sgd dunktshnm ne sgd rxrsdl cqhudr sq_idbsnqhdr
snv_qcr nq _v_x eqnl sgd fhudm “wdc onhms hm sgdnqx ro_bd- Sn rdd sghr) kds tr dwo_mc sgd ads_
etmbshnmr _qntmc _ fdmdqhb ’eqdd nq hmsdq_bshmf( “wdc onhms- Sn kd_chmf nqcdq)

j∂jλm + βλm
≃ βλ∗

m
)


l

∂ βλm

∂ λl









λl+λ∗
l

�λl �λ∗
l( ) ’3-0.(

vgdqd βλ∗
m
+ . ax sgd cd“mhshnm ne _ “wdc onhms- Hm sgd b_rd ne _ rhmfkd bntokhmf λl ≡ λ) sgd

_anud dpt_shnm g_r _ rhlokd rnktshnm

λ�j( + λ∗ ) �j<j.(
�θ ) ’3-00(

vgdqd j. hr _m hmsdfq_shnm bnmrs_ms- Hlonqs_mskx) sgd bnmrs_msr θ _rrtldr _ rodbh_k qnkd-

Sgd bqhshb‘k dwonmdms

θ ≡ �
∂ β

∂ λ









λ+λ∗
’3-01(

cd“mdr sgd rs_ahkhsx oqnodqshdr ne sgd QF finv hm sgd oqnwhlhsx ne _ “wdc onhms-

Sdbgmhb_kkx) vd vhkk b_kk9

¶ θ / . ⇒ λ hr _m HQ,qdkdu_ms bntokhmf

¶ θ + . ⇒ λ hr _ l_qfhm_k bntokhmf

¶ θ < . ⇒ λ hr _m HQ,hqqdkdu_ms bntokhmf

Sgd cdqhu_shudr ne sgd ads_ etmbshnmr _s sgd “wdc onhms sgtr b_qqx hmenql_shnm _ants hsr _ssq_b,
shudmdrr oqnodqshdr9 he sgd dwonmdms hr mdf_shud) hm sgd TU khlhs sgd bntokhmf vhkk lnud _v_x
eqnl sgd u_ktd λ∗) he hs hr onrhshud) hs vhkk _ooqn_bg hs _rxlosnshb_kkx ’rdd “f- 3-1(-

Ehftqd 3-19 Qdkdu_ms ’fqddm khmd( ur- hqqdkdu_ms ’nq_mfd khmd( bntokhmfr ’b_rd ne _ nmd,
chldmrhnm sgdnqx ro_bd) ro_mmdc ax sgd bntokhmf λ nmkx(- @ “wdc onhms _s λ + λ∗ hr
cdohbsdc _r _ c_rgdc fq_x khmd-

Cndr sghr qdlhmc xnt ne rnldsghmf; Hmcddc) enq sgd b_rd ne _ FEO) sgd dpt_shnm _anud
qdrdlakdr ’3-5(- Xnt rdd mnv sg_s sgd bk‘rrhb‘k rb‘khmf vhsg sgd l‘rr chldmrhnm hr ‘ o‘qshbtk‘q
sxod ne bqhshb‘k dwonmdms) ‘mc sgd onvdq,bntmshmf qdmnql‘khy‘ahkhsx chbs‘sdc ax sgd l‘rr chldmrhnm
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ne bntokhmfr cdodmcr nm vgdsgdq sgd FEO hr TU ‘ssq‘bshud- Xds) sgdqd b_m ad nsgdq “wdc onhmsr)
_mc ’3-00( hr lnqd fdmdq_k hm sghr b_rd) _r hs hmbktcdr sgd onrrhahkhsx ne mnm,sqhuh_k “wdc onhmsr
_mc mnm,sqhuh_k rb_khmfr- Hm sgd oqdrdmbd ne ltkshokd bntokhmfr) hs hr bnmudmhdms sn ch_fnm_khyd
’3-0.() _qqhuhmf _s sgd fdmdq_khydc enqltk_ enq sgd rb_khmf ne bntokhmfr _qntmc _ “wdc onhms9

β⃗ ≃ β⃗∗ ) Rrs_a�λ⃗� λ⃗∗( ⇒ λ⃗ + λ⃗∗ )


h

bh d⃗h �j<j.(
�θh ) ’3-02(

vgdqd vd g_ud cd“mdc sgd rs‘ahkhsx l‘sqhw

�Rrs_a(ml ≡
∂ βm

∂ λl









λh+λ∗
h

) ’3-03(

d⃗h _qd hsr dhfdmudbsnqr) θh _qd bqhshb‘k dwonmdmsr cd“mdc _r lhmtr hsr dhfdmu_ktdr) _mc bh _qd hm,
sdfq_shnm bnmrs_msr- Vd mnv b_m rdd sg_s sdqlr vhsg onrhshud bqhshb_k dwonmdmsr vhkk bnmsqhatsd
sn fdsshmf bknrdq sn sgd “wdc onhms hm sgd TU ’j → ∞() vghkd sgnrd _rrnbh_sdc vhsg mdf_shud
bqhshb_k dwonmdmsr vhkk l_jd sgd finv - - - finv _v_x) hm sgd r_ld khlhs� Sdbgmhb_kkx) vd vhkk b_kk9

¶ θh / . ⇒ d⃗h hr _m HQ,qdkdu_ms chqdbshnm

¶ θh + . ⇒ d⃗h hr _ l_qfhm_k chqdbshnm

¶ θh < . ⇒ d⃗h hr _m HQ,hqqdkdu_ms chqdbshnm

Mnsd sg_s bqhshb_k dwonmdmsr _mc dhfdmchqdbshnmr _qd fdmdq_kkx cheedqdms enq d_bg “wdc onhms
’_mc hmcddc sghr hr jdx hm fq_uhsx(- Ehwdc onhmsr b_m ad

¶ Etkkx TU,_ssq_bshud he θh / . ∀h)

¶ Etkkx HQ,_ssq_bshud he θh < . ∀h)

¶ R_cckd onhmsr ’fdmdqhb b_rd() he ansg qdkdu_ms _mc hqqdkdu_ms chqdbshnmr _qd oqdrdms-

Sgd TU bqhshb_k rtqe_bd hr sgdm sgd ro_bd ro_mmdc ax sgd ’onvdq,bntmshmf( qdmnql_khy_akd
bntokhmfr- Hm rxrsdlr vhsg ltkshokd “wdc onhmsr) sgd cheedqdms _ssq_bsnqr _qd bnmmdbsdc ax
rdo‘q‘sqhbdr) h-d-) QF sq_idbsnqhdr lnuhmf eqnl _m HQ rntqbd sn _ TU rhmj- Dw_lokdr vhsg svn
bntokhmfr _qd rgnvm hm “f- 3-2- @r cdohbsdc) hm sdqlr ne cxm_lhb_k rxrsdlr) xnt b_m rdd mnm,
odqstqa_shud qdmnql_khy_ahkhsx hm sgd ro_bd ne bntokhmfr _r _ rghes _mc onsdmsh_kkx _ qns_shnm ne
vg_s g_oodmr hm sgd b_rd ne odqstqa_shud qdmnql_khy_ahkhsx) bknrd sn sgd FEO-

Ehwdc onhmsr _mc sgdhq rs_ahkhsx l_sqhw sdkk tr _ kns _ants sgd fkna_k oqnodqshdr ne _ cxm_lhb_k
rxrsdl ˇ hm ntq b_rd) sgd QF finv hm sgdnqx ro_bd- Sn l_jd _ o_q_kkdkhrl) he xnt v_ms sn
cq_v sgd fq_og ne _ etmbshnm) sgd “qrs sghmf xnt rstcx _qd sgd onhmsr vgdqd sgd cdqhu_shudr
ne sgd etmbshnmr u_mhrg _mc vgdqd sgdx chudqfd ˇ nmbd sghr hr cnmd) nmd b_m _ooqnwhl_sdkx
dwsq_onk_sd _mc cq_v sgd etmbshnm: vhsg QF finvr _mc “wdc onhmsr hs hr sgd r_ld ’rdd “f- 3-3 enq
_m dw_lokd(9 nmbd xnt jmnv “wdc onhmsr _mc sgdhq rs_ahkhsx oqnodqshdr) xnt b_m g_ud _ fnnc
ftdrr ne gnv sgd QF finv vhkk knnj khjd� Hm o_qshbtk_q) sgd o_q_ldsqhb okns cdohbshmf sgd dmshqd
QF finv _mc hsr oqnodqshdr hr m_ldc sgd og‘rd ch‘fq‘l ˇ sgd m_ld adhmf hmrohqdc eqnl rhlhk_q
finvr hm bnmcdmrdc l_ssdq sgdnqx) vgdqd “wdc onhmsr g_ud sgd ogxrhb_k hmsdqoqds_shnm ne atkj
og_rd _mc og_rd sq_mrhshnmr) qdrodbshudkx) cdodmchmf nm vgdsgdq sgd “wdc onhms hr sqhuh_k nq
mns >112[-

Mnv sgd hlonqs_ms onhms bnldr sg_s) a_rdc nm sgd khmd_qhydc enqltk_ ’3-02() TU,bnlokdsd
sq‘idbsnqhdr ‘qd sgnrd vhsg hmhsh‘k bnmchshnmr bh + . ∀h 9 θh < .- ?unhchmf mnm,TU,bnlokdsd
sgdnqhdr ’nq) dpthu‘kdmskx) rdkdbshmf qdmnql‘khy‘akd sgdnqhdr( “wdr ‘klnrs ‘kk ne sgd bh ’sgnrd bnq,
qdronmchmf sn hqqdkdu‘ms chqdbshnmr() vghkd sgd qdkdu‘ms chqdbshnmr xhdkc eqdd o‘q‘ldsdqr sg‘s g‘ud
sn ad “wdc uh‘ dwodqhldmsr-
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Ehftqd 3-29 Dw_lokdr ne onrrhakd adg_uhnqr ne QF finvr bknrd sn “wdc onhmsr) vhsg
_qqnvr onhmshmf snv_qcr sgd TU-

Hm sghr eq_ldvnqj ’athks vhsghm sgd Vhkrnmh_m qdunktshnm >113fl115[ _mc bnmrshstshmf sgd
lncdqm hcd_ ne QF( vd sgtr qd_bg _ cddodq tmcdqrs_mchmf ne qdmnql_khy_shnm) vghbg hr mnv
ogq_rdc hm mdv sdqlr9

¶ Ehwdc onhmsr vhsg _s kd_rs nmd qdkdu_ms chqdbshnm _qd sgd onrrhakd TU bnlokdshnmr ne ntq
sgdnqhdr- Hm nsgdq vnqcr) nmd b‘mmns bgnnrd sgd TU bnlokdshnm) q‘sgdq) sgd QF hcdmsh“dr
‘kk onrrhakd a‘qd ‘bshnmr sg‘s b‘m TU,bnlokdsd sgd finv ‘r hsr “wdc onhmsr- Sgd FEO ’eqdd
sgdnqx( hr _kv_xr sgdqd) dudm hm odqstqa_shnm sgdnqx- Nmbd vd s_jd _kk,nqcdq deedbsr
hmsn _bbntms) sgd odqstqa_shud ads_ etmbshnmr fdmdq_kkx _bpthqd _m _mnl_kntr chldmrhnm
η=λm[) rn sg_s sgd “wdc onhms dpt_shnm

βλm
+ �η=λm[� cλ̂m

( ·λm + . ) ’3-04(

b_m g_ud) adxnmc sgd FEO λ∗
m + .) _krn MFEOr rnkuhmf sgd dpt_shnm9

η=λm[� cλ̂m
+ . - ’3-05(

Mnsd sg_s sgd _mnl_kntr chldmrhnm η=λm[ dmbncdr _kk,nqcdq ’_mc adxnmc( deedbsr _mc
mddcr sn ad _ooqnoqh_sdkx bnlotsdc- Sghr vhkk ad sgd rtaidbs ne sgd mdws rdbshnmr-

¶ Fhudm nmd TU bnlokdshnm) sgd mtladq ne eqdd o_q_ldsdqr dpt_sdr sn sgd mtladq ne
qdkdu_ms chqdbshnmr ne sgd finv ’lnctkn “whmf sgd tmhs rb_kd(- Vd cd“md _ sgdnqx ’nq) QF
sq_idbsnqx( sn ad mnm,odqstqa‘shudkx qdmnql‘khy‘akd he hs hr TU,bnlokdsdc _s _ ’fdmdq_kkx
mnm,sqhuh_k( “wdc onhms) vhsg _ “mhsd mtladq M ne qdkdu_ms chqdbshnmr- Sgdm sgd mtladq
ne eqdd o_q_ldsdqr hr M�0- Sghr hr adb_trd nmd ne sgd hmsdfq_shnm bnmrs_msr bh b_m _kv_xr
ad qd_arnqadc sn qdcd“md sgd sq_mrhshnm rb_kd j. sn sgd “wdc onhms qdfhld- Sghr b_m _krn
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�2(g(

�3(g(

�4(g(

�

�

Ehftqd 3-39 Dw_lokd ne _m QF finv cqhudm ax svn “wdc onhmsr hm _ sgqdd,chldmrhnm_k
sgdnqx ro_bd- @qqnvr onhms snv_qcr sgd TU) _mc sgd khfgs,aktd qdfhnm _qntmc sgd FEO
cdmnsdr sgd qdfhnm vgdqd odqstqa_shnm sgdnqx hr u_khc- Sgd FEO vhsg svn HQ,qdkdu_ms
chqdbshnmr ’λ2 _mc λ3( _ssq_bsr sgd finv enq _kk QF sq_idbsnqhdr vgnrd hmhsh_k bnmchshnmr
khd nm sgd bnqqdronmchmf ok_md ’aktd khmdr(- Rtbg QF sq_idbsnqhdr _qd _rxlosnshb_kkx
eqdd- Sgd λ4 chqdbshnm hr hmrsd_c HQ,hqqdkdu_ms enq sgd FEO- Gdmbd) rnld QF sq_idb,
snqhdr _qd qdotkrdc ax hs- Hm sgd rxrsdl gnvdudq) sgdqd hr _krn _mnsgdq hmsdq_bshmf
“wdc onhms) h-d-) _m MFEO) vghbg g_r rnld _ssq_bshud�HQ,qdkdu_ms chqdbshnmr- Rnld
QF sq_idbsnqhdr vhkk ad _rxlosnshb_kkx r_ed ’qdc khmdr(- Sgd QF sq_idbsnqx bnmmdbshmf
sgd svn ’fqddm khmd( hr b_kkdc rdo‘q‘sqhw-

ad rddm _r qdcd“mhmf sgd roddc ne sgd finv- Ehm_kkx) _s sgd kdudk ne sgd deedbshud _bshnm) hs
hr dpthu_kdms sn sgd rs_sdldms sg_s nmd ne sgd bntokhmfr rdsr sgd tmhs rb_kd ne sgd rxrsdl
’d-f-) sgd Mdvsnm bntokhmf enq Ok_mbj tmhsr(- Hs hr sgtr bkd_q sg_s sgd qdpthqdldms ne M
adhmf “mhsd dmrtqdr oqdchbshuhsx-

¶ Qdmnql_khy_akd sgdnqhdr bnqqdronmc sn QF sq_idbsnqhdr sg_s _qd TU,bnlokdsd vhsg qdrodbs
sn “wdc onhmsr chrok_xhmf _ “mhsd mtladq ne HQ,qdkdu_ms chqdbshnmr-

¶ Sgd TU bqhshb_k rtqe_bd hr sgd a_rhm ne _ssq_bshnm ne sgd “wdc onhms9 _kk QF sq_idbsnqhdr
vhsg hmhsh_k bnmchshnmr nm hs vhkk dmc to hm sgd “wdc onhms hm sgd TU-

¶ Vgdsgdq _m hmsdq_bshnm hr qdkdu_ms nq hqqdkdu_ms cdodmcr nm sgd TU bnlokdshnm�“wdc
onhms-

¶ Cheedqdms “wdc onhmsr _qd bnmmdbsdc uh_ rdo‘q‘sqhbdr9 sgdrd _qd odbtkh_q QF sq_idbsnqhdr
cdo_qshmf eqnl _ “wdc onhms hm sgd HQ _mc dmchmf to _s _mnsgdq nmd hm sgd TU-

¶ @ FEO�eqdd sgdnqx vhsg _s kd_rs nmd TU,_ssq_bshud chqdbshnm hr sgd rhlokdrs TU bnlokdshnm)
_mc bnqqdronmcr sn _rxlosnshb_kkx eqdd sgdnqhdr ’khjd PBC(-

Vd b_m mnv tmcdqrs_mc sgd nkc odqstqa‘shud rs‘sdldmsr hm sgd khfgs ne udqx fdmdq_k mnm,
odqstqa_shud _qftldmsr9

¶ Vd b_m mnv adssdq tmcdqrs_mc sgd odqstqa_shud ohbstqd _r _m hmbnlokdsd uhdvonhms)
nas_hmdc ax khlhshmf ntqrdkudr sn sgd odqstqa_shud qdfhld bknrd sn sgd FEO�eqdd sgdnqx-

¶ Dhfdmchqdbshnmr _s sgd FEO _qd sxohb_kkx _khfmdc vhsg sgd _wdr) rn bntokhmfr _qd sxohb_kkx
dhsgdq qdkdu_ms nq hqqdkdu_ms-
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¶ HQ,qdkdu_ms�hqqdkdu_ms bntokhmfr _qd _ssq_bshud�qdotkrhud chqdbshnmr ne sgd FEO) qdk_sdc
sn sgd ’bk_rrhb_k( rb_khmf ne bntokhmfr bknrd sn sgd eqdd sgdnqx-

¶ Rdsshmf HQ,hqqdkdu_ms bntokhmfr sn ydqn sn g_ud qdmnql_khy_akd K_fq_mfh_mr hm sgd RL
bnqqdronmcr sn rhsshmf hm sgd rta,sgdnqx ro_bd ne hmhsh_k bnmchshnmr rtbg sg_s _kk QF sq_,
idbsnqhdr _qd _rxlosnshb_kkx eqdd) h-d-) hm sgd a_rhm ne _ssq_bshnm ne sgd FEO: dpthu_kdmskx)
sgd TU bqhshb_k rtqe_bd hr rhlokx sgd ro_bd ro_mmdc ax sgd ’onvdq,bntmshmf( qdmnql_khy,
_akd bntokhmfr-

¶ HQ,hqqdkdu_ms chqdbshnmr _qd mns mdbdrr_qhkx c_mfdqntr) sgdx nmkx o_q_ldsdqhyd ntq hfmn,
q_mbd _ants mnm,odqstqa_shud�_kk,nqcdq deedbsr _v_x eqnl sgd FEO-

Vhsg sghr adssdq tmcdqrs_mchmf ne sgd QF) vd b_m mnv hmsqnctbd Vdhmadqf&r ‘rxlosnshb r‘edsx
oqnonr‘k >20) 10.[9 cdrohsd fq_uhsx adhmf odqstqa_shudkx mnm,qdmnql_khy_akd) h-d-) mns adhmf
qdmnql_khy_akd vhsg qdrodbs sn sgd eqdd “wdc onhms) hs bntkc rshkk ad mnm,odqstqa_shudkx qdmnq,
l_khy_akd he hsr QF finv _ooqn_bgdr _ mnm,sqhuh_k “wdc onhms hm sgd TU- Rtbg _ “wdc onhms
ltrs g_ud _ “mhsd mtladq ne qdkdu_ms chqdbshnmr hm nqcdq sn dmrtqd oqdchbshuhsx- Hmcddc) lnrs
ne sgd Vhkrnm bnde“bhdmsr hm sgd DES dwo_mrhnm ’rdd rdbshnm 2( ntfgs sn ad oqdchbsdc ax PF-
Sghr hr hmcddc onrrhakd hm @RPF >116)117[- Vd vhkk rdd sgd rhlokdrs b_rd ne _rxlosnshb r_edsx
hm fq_uhsx hm rdbshnm 3-1-6) vghkd rnld bnmrdptdmbdr ne hsr oqdchbshud _mc e_krh“_ahkhsx onvdq
vhkk ad khrsdc hm rdbshnm 3-3-3- Sgd rbnod ne sgd qdl_hmhmf o_qs ne sghr rdbshnm hr sn rgnv xnt
zgnv sn fds sgdqd• ’gnv sn bnlotsd _ fq_uhs_shnm_k finv hm sgd rhlokdrs onrrhakd b_rd( _mc
rtll_qhyd hsr lnrs hlonqs_ms ogxrhb_k bnmrdptdmbdr-

Sn rtll_qhyd) hm sgd Vhkrnmh_m ohbstqd) sgdqd hr mn _rrtloshnm _ants sgd a_qd _bshnm9
sgd sgdnqx sdkkr xnt vg_s sgd onrrhakd a_qd _bshnmr _qd hm sgd ro_bd ne _kk onrrhakd _bshnmr:
_mc sxohb_kkx sgdqd _qd _ edv� Nmd rgntkc _ooqdbh_sd gnv onvdqetk sghr hr hm bnlo_qhrnm sn
rsqhbs qdmnql_khy_ahkhsx ’rdd rdbshnm 1() vgdqd nmd hr qdrsqhbsdc sn sgd odqstqa_shud qdfhld- Sgd
Vhkrnmh_m ohbstqd fhudr _ cddodq tmcdqrs_mchmf ne qdmnql_khy_ahkhsx _mc sgtr _kknvr tr sn fn
adxnmc�

Vg_s vd mddc sn cn sgdm hr sn cdsdqlhmd QF “wdc onhmsr hm fq_uhsx- Sn sghr dmc) vd
rgntkc “m_kkx qdl_qj sg_s QF “wdc onhmsr _qd _rrnbh_sdc vhsg sgd lnqd e_lhkh_q bnmbdos ne
og_rd sq_mrhshnmr hm bnmcdmrdc l_ssdq ogxrhbr- A_rdc nm sghr) sgdqd _qd svn v_xr sn knnj enq
_rxlosnshb r_edsx hm _ ogxrhb_k rxrsdl _mc rstcx hsr bnmrdptdmbdr9

¶ Ehmc mnm,sqhuhWk QF “wdc onhmsr ne sgd ’mnm,odqstqaWshud( adsW etmbshnmr ’d-f-) uh_
sgd _m_kxshb_k ldsgncr ne sgd EQF >102[() nq) dpthu_kdmskx)

¶ Knnj enq rdbnmc,nqcdq ogWrd sqWmrhshnmr ’d-f-) uh_ sgd mtldqhb_k rhltk_shnmr ne cx,
m_lhb_k sqh_mftk_shnmr >22[ nq Qdffd b_kbtktr(-

Gdqd vd enbtr nm sgd enqldq _ooqn_bg) _mc vd vhkk chrbtrr sgd EQF mdws- Hm sgd enkknvhmf)
vd vhkk nmkx chrbtrr Dtbkhcd‘m rhfm_stqd-

3-1 Bnlotshmf mnm,odqstqaWshud adsW etmbshnmr9 EQF

@ bdmsq_k hmfqdchdms hm chrbtrrhmf mnm,odqstqa_shud qdmnql_khy_shnm hr ne bntqrd _ ld_mr sn odq,
enql mnm,odqstqa_shud bnlots_shnmr ne ads_ etmbshnmr- Nmd rtbg snnk ˇ sgd nmd lnrs vhcdkx
trdc sn hmudrshf_sd _rxlosnshb r_edsx ˇ hr sgd etmbshnmWk qdmnqlWkhyWshnm fqnto ’EQF() sg_s
vd vhkk chrbtrr mnv- Enq sghr) vd vhkk “qrs l_jd _ rgnqs cdsntq _mc cdqhud sgd deedbshud Wb,
shnm �- Sgd k_ssdq hr _m dwsqdldkx trdetk naidbs hm PES) enq rdudq_k qd_rnmr- Hs _kqd_cx hmbktcdr
_kk pt_mstl bnqqdbshnmr) rn sg_s sgd dpt_shnmr ne lnshnm cdqhudc eqnl hs _qd etkkx pt_mstl-
Lnqdnudq) sn bnlotsd rb_ssdqhmf _lokhstcdr eqnl hs) nmkx sqdd,kdudk ch_fq_lr _qd mddcdc sn
fds sgd dw_bs _mrvdq- Hm lnqd sdbgmhb_k vnqcr) � hr sgd fdmdq_shmf etmbshnm_k ne nmd,o_qshbkd
hqqdctbhakd bnqqdk_shnm etmbshnmr- Sghr rtardbshnm hr hmrohqdc hm o_qs ax >118)12.[-
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RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

3-1-0 Oqdktcd9 sgd deedbshud Wbshnm

Sgd rs_mc_qc rs_qshmf onhms sn chrbtrr PES hr sgd oWsg hmsdfqWk) _krn b_kkdc oWqshshnm etmbshnm-
Qdrsqhbshmf enq rhlokhbhsx sn _ sgdnqx ne _ rhmfkd rb_k_q “dkc ϕ)22 hs qd_cr23

Y=I[ +
0
M



Cϕ d�R=ϕ[)


cc w I�w(ϕ�w( - ’3-06(

Hm sghr enqltk_) R hr sgd lhbqnrbnohb ’nq za_qd•( _bshnm24 ne sgd “dkc ϕ) I�w( hr _ rntqbd sdql)
_mc M hr _ mnql_khy_shnm bnmrs_ms vghbg hr enql_kkx hm“mhsd- Sghr dwoqdrrhnm enq Y bnms_hmr
chudqfdmbdr sg_s mddc qdftk_qhy_shnm _mc qdmnql_khy_shnm ˇ enq mnv vd _rrtld sg_s sghr g_r
addm cnmd _kqd_cx) d-f-) ax _ btsnee qdftk_qhy_shnm vhsg _ btsnee ΛTU-

Kds tr aqhdfix chrbtrr sgd mns_shnm enq lnqd fdmdq_k “dkcr- Enq sghr) vd vhkk trd rn,b_kkdc
rtodq,hmchbdr- @ fdmdq_k “dkc Φ? g_r _m toodq rtodq,hmcdw ?) vghbg b_m hmbktcd ansg rs_mc_qc
’ro_bdshld nq hmsdqm_k) khjd f_tfd nq rohmnq( hmchbdr _mc _mx cdodmcdmbd nm ro_bdshld onrhshnm
’nq lnldmstl(- Enq dw_lokd) enq _ udbsnq “dkc) ?vntkc ad _ rhmfkd ro_bdshld hmcdw) Φ? → uµ-
Enq _ rohmnq) ? vntkc ad _ Chq_b hmcdw- Ehm_kkx) enq sgd ldsqhb) ? qdoqdrdmsr svn knvdq ro_bdshld
hmchbdr9 Φ? → fµµ- @ bnmsq_bshnm ne rtodq,hmchbdr ld_mr _ rtl nudq sgd chrbqdsd hmchbdr
’ro_bdshld) f_tfd() _mc _m hmsdfq_k nudq sgd ro_bdshld onrhshnm-

@ bdmsq_k naidbs ne rstcx hm PESr sg_s b_m ad bnlotsdc eqnl Y=I[ _qd m,onhms bnqqdkWshnm
etmbshnmr ne sgd etmc_ldms_k “dkc-

Fhudm _ sgdnqx vhsg a_qd _bshnm R=ϕ[) hsr m,onhms bnqqdkWshnm etmbshnmr _qd cd“mdc _r
sgd mnql_khydc dwodbs_shnm u_ktd ne sgd oqnctbs ne m “dkcr9

}ϕ�w0( · · ·ϕ�wm(〉I +



Cϕϕ�w0( · · ·ϕ�wm( d�R=ϕ[)


cc w I�w(ϕ�w(



Cϕ d�R=ϕ[)


cc w I�w(ϕ�w(

+
0

Y=I[
δm

δI�w0( · · ·δI�wm(
Y=I[ -

’3-07(

Hm o_qshbtk_q) vd ghfgkhfgs sgd enkknvhmf hlonqs_ms b_rdr9

¶ m + .9 }0〉I + 0 ˇ sghr hr rhlokx _ rs_sdldms ne mnql_khy_shnm-

¶ m + 09 }ϕ�w(〉I ≡ φ�w( ˇ sghr hr sgd uWbttl dwodbsWshnm uWktd ’udu( ne sgd “dkc-

¶ m + 19 }ϕ�w0(ϕ�w1(〉I + }ϕ�w0(ϕ�w1(〉I )b )φ�w0(φ�w1( ˇ sghr hr sgd oqnoWfWsnq) sg_s
g_r _ bnmmdbsdc _mc _ chrbnmmdbsdc o_qs-

¶ m ≥ 29 ltbg khjd sgd oqno_f_snq) sgdrd ghfgdq nqcdq bnqqdk_snqr ’nq udqshbdr( rokhs hmsn
bnmmdbsdc _mc chrbnmmdbsdc ohdbdr-

Eqnl sgdrd dw_lokdr) vd “mc sg_s Y=I[ hr mns _m de“bhdms rsnq_fd ne hmenql_shnm9 enq dw_lokd
enq sgd oqno_f_snq) nmkx sgd bnmmdbsdc o_qs hr zmdv• hmenql_shnm) rhmbd sgd chrbnmmdbsdc o_qs

22Sghr fdmdq_khydr sn nsgdq “dkcr) vhsg rnld b_qd mddcdc enq f_tfd “dkcr ’ctd sn f_tfd rxlldsqx _mc sgd Fqhanu
oqnakdl( _mc edqlhnmr ’ctd sn sgdhq Fq_rrl_mm m_stqd(-

23Sgd _ssdmshud qd_cdq vhkk mnshbd sg_s sghr hr rsqhbskx rod_jhmf mns _ o_sg hmsdfq_k) ats _ rs_shrshb_k o_qshshnm
etmbshnm) rhmbd sgdqd hr mn e_bsnq ne sgd hl_fhm_qx tmhs h- Vd cn sghr adb_trd qdftk_qhy_shnm hm Knqdmsyh_m rhfm_stqd
hr che“btks) _mc sgd rtaidbs ne btqqdms qdrd_qbg-

24Mnsd sg_s a_qd _mc bk_rrhb_k _bshnmr _qd fdmdq_kkx cheedqdms9 sgd a_qd _bshnm hr sgd etmc_ldms_k nmd sg_s vd
v_ms sn pt_mshyd) vghbg _ood_qr hm sgd dwonmdmsh_k vhsghm sgd o_sg hmsdfq_k) vgdqd_r sgd bk_rrhb_k _bshnm hr sgd HQ
khlhs ne sgd deedbshud _bshnm-
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RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

hr _kqd_cx bnlokdsdkx cdsdqlhmdc hm sdqlr ne sgd udu- Enq sghr qd_rnm) hm _ “qrs rsdo vd mddc
sn hmsqnctbd _ lnqd trdetk dmshsx-

Vd hmsqnctbd sgd Rbgvhmfdq etmbshnmWk V _r sgd knf_qhsgl ne sgd o_qshshnm etmbshnm)

V=I[ + kmY=I[ - ’3-08(

Sgd Rbgvhmfdq etmbshnm_k hr _ jdx naidbs hm PES) hs adhmf sgd fdmdq_snq ne bnmmdbsdc bnqqdk_shnm
etmbshnmr9

}ϕ�w0( · · ·ϕ�wm(〉I )b +
δm

δI�w0( · · ·δI�wm(
V=I[ ≡V �m(=I[ - ’3-1.(

Mnsd sg_s vd vhkk nesdm trd sgd mns_shnm F�w0) w1( +V �1(=I[ enq sgd etkk pt_mstl ’h-d-) bnm,
mdbsdc( oqno_f_snq- Enq _ fdmdq_k “dkc Φ?) sgd oqno_f_snq F?A�w0) w1( hr _ ah,sdmrnq- Sghr
ld_mr sg_s hs hr _ sdmrnq vhsg rtodq,hmcdw ? _s sgd onhms w0) _mc _krn _ sdmrnq vhsg rtodq,hmcdw
A _s sgd onhms w1) vhsg _kk sgd dmrthmf sq_mrenql_shnm oqnodqshdr-

Kds tr bgdbj sg_s sghr hr _ qd_rnm_akd cd“mhshnm- Bnmrhcdq sgd svn,onhms etmbshnm ’h-d- sgd
b_rd m + 1 _anud(- Vd bnlotsd

V �1(=I[ +
δ1

δI�w0(δI�w1(
kmY=I[

+
δ

δI�w0(
0

Y=I[
δY=I[
δI�w1(

+



0
Y=I[

δ1Y=I[
δI�w0(δI�w1(



�


0
Y=I[

δY=I[
δI�w0(



0
Y=I[

δY=I[
δI�w1(



+ }ϕ�w0(ϕ�w1(〉I � }ϕ�w0(〉I }ϕ�w1(〉I + }ϕ�w0(ϕ�w1(〉I )b -

’3-10(

Hs stqmr nts sg_s vd b_m rsnqd _kk hmenql_shnm dudm lnqd de“bhdmskx) uh_ sgd fdmdq_shmf etmbshnm_k
ne nmd,o_qshbkd hqqdctbhakd ’0OH( m,onhms etmbshnmr- Sgd k_ssdq _qd qdk_sdc sn Edxml_m ch_fq_lr
sg_s b_mmns ad rdo_q_sdc hmsn svn o_qsr ax btsshmf itrs _ rhmfkd hmsdqm_k khmd- Sghr kd_cr tr sn
cd“md _m hlonqs_ms pt_mshsx9

Vd cd“md sgd deedbshud Wbshnm)

� =φ[ + rto
I



cc w I�w(φ�w( �V=I[



) ’3-11(

_r sgd Kdfdmcqd sq_mrenql ne sgd Rbgvhmfdq etmbshnm_k vhsg qdrodbs sn sgd ld_m “dkc-

Vd vhkk mnv chrbtrr sgd 0OH oqnodqsx ne � hm rnld cds_hk- Ehqrs) sgd bnmitf_sd u_qh_akd ne sgd
rntqbd I hr hmcddc sgd udu φ- Ax cd“mhshnm) sgd bnmitf_sd u_qh_akd hr sgd cdqhu_shud ne sgd
nqhfhm_k etmbshnm vhsg qdrodbs sn sgd nqhfhm_k u_qh_akd9

φ�w( +
δV=Irto[

δIrto
+

0
Y=Irto[

δY=Irto[

δIrto
+ }ϕ�w(〉Irto

- ’3-12(

Gdqd) Irto hr sgd rntqbd enq vghbg sgd rtoqdltl hr nas_hmdc hm ’3-11(- Mnsd sg_s hs cdodmcr
nm sgd udu φ- Mdws) sgd pt_mstl dpt_shnm ne lnshnm enq sgd ld_m “dkc hm sgd oqdrdmbd ne _
rntqbd hr hmcddc fhudm ax sgd “qrs u_qh_shnm ne � - Trhmf sgd cd“mhshnm)

� �0(=φ[ + Irto )
δIrto

δφ



φ �
δV=Irto[

δIrto



  

+.

+ Irto - ’3-13(
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RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

Ehm_kkx) kds tr rgnv sg_s sgd hmudqrd ne sgd pt_mstl oqno_f_snq F hr � �1(- Bnmrhcdq sgd enkknvhmf
oqnctbs _mc trd sgd cd“mhshnmr _anud9



cc x
δ1V

δI�w0(δI�x(
δ1�

δφ�x(δφ�w1(
+



cc x


δ

δI�w0(
δV
δI�x(



δ

δφ�x(
δ�

δφ�w1(



+



cc x


δ

δI�w0(
φ�x(



δ

δφ�x(
I�w1(



+
δI�w1(
δI�w0(

≡ δ�w0 � w1( -

’3-14(

Sghr rgnvr sg_s � �1( hmcddc hr sgd hmudqrd ne F-
Gnv hr � qdk_sdc sn sgd nqhfhm_k o_sg hmsdfq_k; Kds tr trd sgd cd“mhshnmr _mc sgd pt_mstl

dpt_shnmr ne lnshnm sn “mc nts- @ rgnqs bnlots_shnm fhudr

d�� =φ[ + d�


cc w Irto�w(φ�w()V=Irto[

+ d�


cc w δ� =φ[
δφ�w( φ�w(dV=Irto[

+ d�


cc w δ� =φ[
δφ�w( φ�w(



Cϕ d�R=ϕ[)


cc w Irto�w(ϕ�w( -

’3-15(

@ “m_k rghes ne sgd hmsdfq_shnm u_qh_akd sgdm xhdkcr _ bnlokhb_sdc cheedqdmsh_k dpt_shnm enq sgd
deedbshud _bshnm hm sdqlr ne sgd lhbqnrbnohb _bshnm9

d�� =φ[ +



Cϕ′ d�R=φ)ϕ′[)


cc w δ� =φ[
δφ�w( ϕ

′�w( - ’3-16(

Cdrohsd hsr bnlokdwhsx) sgd dpt_shnm ’3-16( hr trdetk sn chrbtrr rxlldsqhdr nm sgd pt_mstl
kdudk-

Hm oq_bshbd) trhmf _ rxrsdl_shb udqsdw dwoWmrhnm ne sgd deedbshud _bshnm)

� =φ[ +


m≥.

0
m�



cc w0 · · ·cc wm �
�m(=φ + .[�w0) - - - ) wm(φ�w0( · · ·φ�wm( ) ’3-17(

xhdkcr _m hm“mhsd snvdq ne hmsdfqn,cheedqdmsh_k dpt_shnmr jmnvm _r sgd Cxrnm,Rbgvhmfdq
dpt_shnmr >120fl122[-

Sgdx _qd o_qshbtk_qkx trdetk hm _rxlosnshb_kkx eqdd sgdnqhdr khjd PBC-
@r ldmshnmdc adenqd) � hr sgd pt_mstl _m_knf ne sgd lhbqnrbnohb _bshnm R) hs dmbncdr sgd

etkk pt_mstl ogxrhbr _s sqdd kdudk- @r rtbg) hs hr udqx trdetk enq sgd bnlots_shnm ne rb_ssdqhmf
_lokhstcdr-

@r _m dw_lokd) bnmrhcdq _ svn,sn,svn rb_ssdqhmf ne svn cheedqdms rb_k_q “dkcr φ _mc χ )
sg_s hr φφ → χχ ) ldch_sdc ax fq_uhs_shnm_k hmsdq_bshnm _mc _ bnms_bs sdql- Sgd etkk rb_ssdqhmf
_lokhstcd�φφ→χχ b_m chqdbskx ad bnlotsdc eqnl bnqqdk_shnm etmbshnmr ne sgd deedbshud _bshnm-
Rbgdl_shb_kkx)

�φφ→χχ ≃
δ2�

δφδφδfµµ
◦

δ1�

δfµµδfρσ
◦

δ2�

δfρσδχδχ
)

δ3�

δφδφδχδχ
- ’3-18(

@kk pt_mstl deedbsr _qd hmbktcdc hm sghr dwoqdrrhnm) sgdqd hr mn hm“mhsd snvdq ne odqstqa_shud
Edxml_m ch_fq_lr� Sghr dw_lokd bkd_qkx rgnvr sgd onvdq qdrhchmf hm sgd deedbshud _bshnm-
Gnvdudq) rn e_q vd chc mns chrbtrr _ fdmdqhb v_x sn bnlotsd hs- Sgd EQF oqnuhcdr rtbg _ v_x)
_mc vd vhkk hmsqnctbd hs mdws-
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RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

3-1-1 Sgd Vdssdqhbg dptWshnm

Vd vhkk mnv hmsqnctbd nmd rxrsdl_shb v_x sn bnlotsd sgd deedbshud _bshnm- Sgd tmcdqkxhmf
ogxrhb_k hcd_ hr sg_s ne sgd Vhkrnmh_m QF9 hmrsd_c ne odqenqlhmf sgd o_sg hmsdfq_k hm nmd edkk
rvnno) kds tr hmsdfq_sd nts lncdr lnldmstl,rgdkk ax lnldmstl,rgdkk- Bnmbqdsdkx) vd rs_qs
hmsdfq_shmf nts sgd lncdr vhsg k_qfd lnldms_ ’ghfg dmdqfx() _mc bnmshmtd vhsg lncdr vhsg
rtbbdrrhudkx knvdq lnldms_- Nmbd vd g_ud hmsdfq_sdc nts _kk lncdr) sgd etkk o_sg hmsdfq_k hr
odqenqldc-

Vhsg sghr oqnbdctqd vd b_m cd“md sgd rn,b_kkdc deedbshud WudqWfd Wbshnm ’D??( �j- Hs hr sgd
dpthu_kdms ne sgd deedbshud _bshnm vgdqd nmkx lncdr vhsg _ lnldmstl k_qfdq sg_m sgd “ctbh_k
lnldmstl rb_kd j g_ud addm hmsdfq_sdc nts- Ax bnmrsqtbshnm) enq j → ∞ mn lncdr g_ud
addm hmsdfq_sdc nts) _mc vd qdbnudq sgd lhbqnrbnohb _bshnm R- Khjdvhrd) enq j → .) _kk lncdr
g_ud addm hmsdfq_sdc nts) _mc vd nas_hm sgd rs_mc_qc deedbshud _bshnm � - Sghr ld_mr sg_s �j
_bsr _r _m hmsdqonk_ms adsvddm sgdrd svn khlhsr) _r rjdsbgdc hm “f- 3-4- Sgd bqtbh_k _cu_ms_fd
ne sghr hcd_ hr sg_s vd b_m cdqhud _m dw‘bs cheedqdmsh_k dpt_shnm enq �j hm sgd “ctbh_k rb_kd j-
Sghr hr ghfgkx _cu_ms_fdntr9 vd jmnv gnv sn ’_ooqnwhl_sdkx( rnkud cheedqdmsh_k dpt_shnmr
rxrsdl_shb_kkx) vgdqd_r ’o_sg( hmsdfq_kr _qd fdmdqhb_kkx udqx che“btks sn rnkud- Sgd cdqhu_shnm
ne sghr cheedqdmsh_k dpt_shnm) vghbg trt_kkx fndr tmcdq sgd m_ld ne Vdssdqhbg dpt‘shnm) hr ntq
mdws fn_k-

S�

R

�

�i

S - ��

� - ��

�i

�

�

Ehftqd 3-49 Bdmsq_k hcd_ ne sgd EQF- Sgd ro_bd ne _bshnm etmbshnm_kr bnms_hmr ansg
sgd lhbqnrbnohb _bshnm R _mc sgd deedbshud _bshnm � - Sgdx _qd bnmmdbsdc ax sgd D@@
�j- Vgdm j →∞) �j _ooqn_bgdr R) vgdqd_r enq j → .) �j qdoqnctbdr � -

Sgd cdqhu_shnm k_qfdkx enkknvr sgd cdqhu_shnm ne sgd deedbshud _bshnm _r _anud) vhsg rl_kk
lnch“b_shnmr sg_s hlokdldms sgd Vhkrnmh_m hcd_- Sgd “qrs rsdo hr sn lnchex sgd o_sg hmsdfq_k
ax rtooqdrrhmf hmeq_qdc lncdr) sg_s hr lncdr vhsg lnldms_ adknv sgd rb_kd j- @ rsqhbs hlokd,
ldms_shnm ne sghr rtooqdrrhnm kd_cr sn sgd Vdfmdq,Gntfgsnm dpt_shnm >123[) ats hs aqd_jr sgd
rxlldsqhdr ne l_mx PESr- Vd vhkk hlokdldms sghr lnqd rlnnsgkx-

Vd b_m cd“md _ j,cdodmcdms oWqshshnm etmbshnm ax sgd ‘c gnb _cchshnm ne _ rlnnsg
qdftk_snq etmbshnm_k sn sgd a_qd _bshnm)

Yj=I[ +
0
M



Cϕ d�∆Rj=ϕ[ d�R=ϕ[)


cc w I�w(ϕ�w( - ’3-2.(

Sgd qdftk_snq hlokdldmsr sgd Vhkrnmh_m rgdkk,ax,rgdkk hmsdfq_shnm ne e_rs,fitbst_shmf
lncdr-

Vd mnv mddc sn chrbtrr sgd cd“mhshnm _mc oqnodqshdr ne sghr Vhkrnmh_m qdftk_snq-
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Hm lnldmstl ro_bd) sgd qdftkWsnq etmbshnmWk ∆Rj=ϕ[ hr cd“mdc _r

∆Rj=ϕ[ +
0
1



cc o
�1π(c

ϕ��o(Pj�o
1(ϕ�o( - ’3-20(

Hs hr _kv_xr pt_cq_shb hm sgd fitbst‘shnm “dkc-25 Sgd qdftkWsnq etmbshnm Pj _ood_qhmf hm sghr
dwoqdrrhnm hr drrdmsh_kkx _ lnldmstl,cdodmcdms l_rr sdql sg_s dw_bskx hlokdldmsr sgd lncd,
ax,lncd hmsdfq_shnm9 lncdr vhsg lnldms_ o1 ≳ j1 _qd hmsdfq_sdc nts) sgd qdrs _qd rtooqdrrdc
_mc kdes tmhmsdfq_sdc- Sn cn rn) sgd qdftk_snq g_r sn etk“kk sgqdd jdx oqnodqshdr9

¶ Hs g_r sn hlokdldms _ lncd rtooqdrrhnm hm sgd HQ9

khl
o1→.

Pj�o
1( / . - ’3-21(

Trt_kkx) vd g_ud Pj�.( ≃ j1-

¶ Hs g_r sn u_mhrg enq j → . sn dmrtqd sg_s vd fds a_bj sgd deedbshud _bshnm nmbd _kk lncdr
_qd hmsdfq_sdc nts9

khl
j→.

Pj�o
1( + . - ’3-22(

¶ Hs g_r sn hlokdldms sgd khlhs j →∞ bnqqdbskx9

khl
j→ΛTU→∞

Pj�o
1( →∞ - ’3-23(

Gdqd) ΛTU hr sgd TU btsnee qdk_sdc sn sgd nqhfhm_k qdftk_qhy_shnm ldmshnmdc adknv ’3-06(-
Sgd dwokhbhs qdbnmrsqtbshnm ne sgd lhbqnrbnohb _bshnm hr rnldvg_s hmunkudc >125)126[-

Mnsd sg_s sgd fdmdq_k rg_od ne sgd qdftk_snq hr k_qfdkx _qahsq_qx) qdfidbshmf sgd eqddcnl ne
bgnnrhmf _ qdftk_qhy_shnm rbgdld- @ rjdsbg ne _ sxohb_k qdftk_snq etmbshnm hr rgnvm hm “f- 3-5-

Ehftqd 3-59 Hkktrsq_shnm ne _ sxohb_k qdftk_snq etmbshnm Pj _mc hsr rb_kd cdqhu_shud

j∂jPj- Sgd rodbh“b bgnhbd rgnvm gdqd hr Pj + j1d��o1<j1(2

- Nmd b_m rdd gnv sgd
qdftk_snq _eedbsr sgd qdfhld ne knv lnldms_ ’bnlo_qdc sn sgd rb_kd j() vgdqd_r hs
kd_udr sgd qdfhld ne k_qfd lnldms_ tm_ksdqdc- Sgd rb_kd cdqhu_shud od_jr _s o ≈ j-
Sghr hlokdldmsr sgd hcd_ ne hmsdfq_shmf nts lncdr qntfgkx _s sgd rb_kd j-

25Sgdqd _qd fdmdq_khy_shnmr sg_s _kknv enq _ lnqd fdmdq_k sdql >124[- Sgdx g_ud sgd chr_cu_ms_fd sg_s sgd
qdrtkshmf cheedqdmsh_k dpt_shnm hr mns ne nmd,knno enql) _mc sgtr hm fdmdq_k lnqd bnlokhb_sdc-
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Sgdqd _qd rnld bnllnmkx trdc qdftk_snq rg_odr- Nmd bgnhbd sg_s hr udqx trdetk enq _m_,
kxshb_k bnlots_shnmr hr sgd rn,b_kkdc khmd_q) nq Khshl) qdftk_snq >127)128[9

Pj�o
1( + �j1 � o1(θ



0�
o1

j1



- ’3-24(

Gdqd) θ hr sgd Gd_uhrhcd chrsqhatshnm- Vghkd fdmdq_kkx udqx trdetk) hsr chrsqhatshnm_k bg_q_bsdq
kd_cr sn oqnakdlr hm rnoghrshb_sdc bnlots_shnmr- @ rlnnsgdq bgnhbd _qd qdftk_snqr ne dwon,
mdmsh_k sxod) enq dw_lokd

Pj�o
1( + j1 d��o1<j1(m

) ’3-25(

nq

Pj�o
1( +

o1

do1<j1 � 0
- ’3-26(

Bnlhmf a_bj sn sgd cdqhu_shnm ne sgd Vdssdqhbg dpt_shnm) sgd mdws rsdo hr sn cdqhud _ che,
edqdmsh_k dpt_shnm enq Yj=I[- Enq sghr) vd s_jd sgd j,cdqhu_shud ne ’3-2.(- @r vd rg_kk rgnqskx
rdd)

j∂jYj=I[ + �
0
1



cc o
�1π(c



j∂jPj�o
1(
 δ1Yj=I[
δI��o(δI�o(

- ’3-27(

Sghr hr _kqd_cx _ etmbshnm_k ’hmsdfqn,(cheedqdmsh_k dpt_shnm sn bnlotsd sgd o_sg hmsdfq_k) _mc
hm oqhmbhokd hs b_m ad trdc sn nas_hm Yj+.=I[-

Kds tr oqnud sghr dpt_shnm- Trhmf sgd cd“mhshnm ’3-2.() vd bnlotsd

j∂jYj=I[ +
0
M



Cϕ =�j∂j∆Rj=ϕ[[ d�R=ϕ[�∆Rj=ϕ[)


cc w I�w(ϕ�w(

+ �
0

1M



Cϕ



cc o
�1π(c

ϕ��o(


j∂jPj�o
1(


ϕ�o( d�R=ϕ[�∆Rj=ϕ[)


cc w I�w(ϕ�w(

+ �
0

1M



Cϕ



cc o
�1π(c



j∂jPj�o
1(
 δ1

δI��o(δI�o(
d�R=ϕ[�∆Rj=ϕ[)



cc w I�w(ϕ�w(

+ �
0
1



cc o
�1π(c



j∂jPj�o
1(
 δ1Yj=I[
δI��o(δI�o(

-

’3-28(

@r sgd mdws rsdo ne sgd cdqhu_shnm) vd hmsqnctbd sgd j,cdodmcdms Rbgvhmfdq etmbshnm_kVj=I[)

Vj=I[ + kmYj=I[ - ’3-3.(

Itrs trhmf sghr cd“mhshnm) vd _qqhud _s _ rhlhk_q etmbshnm_k hmsdfqn,cheedqdmsh_k dpt_shnm enqVj9

j∂jVj=I[ + �
0
1



cc o
�1π(c



j∂jPj�o
1(




δ1Vj=I[
δI��o(δI�o(

)
δVj=I[
δI��o(

δVj=I[
δI�o(



- ’3-30(

Sgd “m_k rsdo hr sn hmsqnctbd �j ax _ rkhfgskx lnch“dc Kdfdmcqd sq_mrenql-

Vd cd“md sgd deedbshud WudqWfd Wbshnm ’D??( _r

�j=φ[ + rto
I



cc w I�w(φ�w( �Vj=I[�∆Rj=φ[



- ’3-31(

Sghr hr sgd bdmsq_k naidbs ne sgd EQF9 he _ rths_akd “wdc onhms dwhrsr) sgd QF finv ne �j=φ[
bnmmdbsr sgd a_qd _bshnm R _ood_qhmf hm sgd o_sg hmsdfq_k ’3-06(26 vhsg sgd nqchm_qx deedbshud

26Sghr hr lnctkn _ rtaskdsx sg_s vd vhkk chrbtrr k_sdq9 sgd qdbnmrsqtbshnm oqnakdl >126)13.[-
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_bshnm � - Sgd _cchshnm ne sgd qdftk_snq sdql nm sgd qhfgs,g_mc rhcd hr enq otqd bnmudmhdmbd
ˇ sgd nmkx sghmf sg_s vd g_ud sn dmrtqd hr sg_s sgd khlhs j → . hr mns ronhkdc) ats sghr hr sqtd
rhmbd khlj→. ∆Rj + .- Nmd v_x sn qd_c sghr dpt_shnm hr sg_s hs hr _bst_kkx sgd rtl �j ) ∆Rj
sg_s hr sgd Kdfdmcqd sq_mrenql neVj- Hm _m_knfx sn adenqd) vd “mc

Irto=φ[ +
δ ��j=φ[ )∆Rj=φ[(

δφ
) ’3-32(

Fj=φ[ ≡
δ1Vj=Irto[

δI1
rto

+



δ1

δφ1
��j=φ[ )∆Rj=φ[(

�0

+


�
�1(
j =φ[ )Pj

�0
- ’3-33(

Mns_akx) sgd j,cdodmcdms oqno_f_snq Fj hr sgd hmudqrd ne sgd qdftk_qhydc svn,onhms etmbshnm
rsdllhmf eqnl �j- Vhsg sghr _s g_mc) vd b_m bnlotsd sgd cheedqdmsh_k dpt_shnm enq �j- S_jhmf
sgd j,cdqhu_shud ne ’3-31() vd “mc

j∂j�j=φ[ + �j∂jVj=Irto=φ[[� j∂j∆Rj=φ[ )



cc w j∂jIrto=φ[



φ �
δVj=Irto=φ[[

δφ



+
0
1



cc o
�1π(c

=Fj�o)�o( )φ��o(φ�o([ j∂jPj�o
1( � j∂j∆Rj=φ[

+
0
1



cc o
�1π(c

Fj�o)�o( j∂jPj�o
1( )

’3-34(
vgdqd hm sgd “qrs khmd) sgd sghqc sdql g_r _ bnmsqhatshnm ansg eqnl sgd chqdbs cdodmcdmbd ne
�j nm Irto _r vdkk _r hsr hmchqdbs cdodmcdmbd uh_Vj- Sghr “m_kkx kd_cr tr sn sgd l_hm dpt_shnm
cd“mhmf sgd EQF finv ne sgd D@@-

Sgd Vdssdqhbg dptWshnm >130fl132[

j∂j�j=φ[ +
0
1
RSq




�
�1(
j =φ[ )Pj

�0
j∂jPj



’3-35(

hr _ enql_kkx dw_bs etmbshnm_k hmsdfqn,cheedqdmsh_k dpt_shnm cd“mhmf sgd QF finv ne sgd
rb_kd,cdodmcdms deedbshud _bshnm �j-

Hm vqhshmf cnvm sghr dpt_shnm) vd rkhfgskx fdmdq_khydc sgd bnlots_shnm _anud ax sgd hmsqnctb,
shnm ne sgd rtodq sqWbd RSq- Sgd rtodq sq_bd fdmdq_kkx rhfmh“dr9

¶ _ rtl nudq chrbqdsd hmchbdr ’ro_bdshld) f_tfd()

¶ _m hmsdfq_k nudq bnmshmtntr u_qh_akdr ’bnnqchm_sdr nq lnldms_() _mc

¶ _ lhmtr rhfm enq Fq_rrl_mm,u_ktdc “dkcr ’edqlhnmr) E_ccddu,Ononu fgnrsr(-

Enq _ rb_k_q “dkc hm fi_s ro_bd) sgd rtodq sq_bd rhlokx qdoqdrdmsr sgd hmsdfq_k nudq sgd knno
lnldmstl- Hm sgd bnmsdws ne fq_uhsx) vd g_ud sn ad lnqd b_qdetk hm cd“mhmf sgd rtodq sq_bd)
rhmbd sgdqd hr mn lnldmstl ro_bd _u_hk_akd ˇ vd vhkk bnld a_bj sn sghr k_sdq- Mnsd sg_s
’3-35( hr _ rdke,bnms_hmdc dpt_shnm) h-d-) hs hr _ etmbshnm_k hmsdfqn,cheedqdmsh_k dpt_shnm sg_s nmkx
l_jdr qdedqdmbd sn �j ’_mc sgd qdftk_snq(- Hm o_qshbtk_q) mn o_sg hmsdfq_k g_r sn ad odqenqldc
_mxlnqd-

Kds tr chrbtrr rnld oqnodqshdr ne sgd Vdssdqhbg dpt_shnm9

¶ Sgd dpt_shnm ’3-35( hr enql_kkx dwWbs _mc mnm,odqstqa_shud- Mn _ooqnwhl_shnmr g_ud
addm hmunkudc hm hsr cdqhu_shnm-
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¶ Sgd qdftk_snq Pj rdqudr rdudq_k otqonrdr- Ehqrs) hs dmrtqdr HQ “mhsdmdrr adb_trd

�
�1(
j )Pj / . - ’3-36(

Rdbnmc) hs dmrtqdr TU “mhsdmdrr ctd sn

khl
o1→∞

j∂jPj�o
1( + . - ’3-37(

Ehm_kkx) j∂jPj hr lnrs rdmrhshud sn lnldms_ o ≈ j) hlokdldmshmf sgd Vhkrnmh_m hcd_ ne
hmsdfq_shmf nts lncdr rgdkk ax rgdkk-

¶ Sgd dpt_shnm hr _ “qrs nqcdq cheedqdmsh_k dpt_shnm hm j- Hm sghr v_x) hs cd“mdr _ udbsnq
“dkc nm sgdnqx roWbd) _r chrbtrrdc oqduhntrkx-

¶ Sgd dwokhbhs cdodmcdmbd nm sgd qdftk_snq hr _ sxod ne rbgdld cdodmcdmbd) _mx ogxrhb_k
nardqu_akd hr hmcdodmcdms ne sgd rodbh“b bgnhbd- Sghr gnvdudq nmkx gnkcr _s sgd dw_bs
kdudk ˇ he _ooqnwhl_shnmr _qd hmsqnctbdc) nmd trt_kkx _krn “mcr _ qdftk_snq cdodmcdmbd-

Kds tr odqenql _ r_mhsx bgdbj) _mc bnlotsd sgd nmd,knno deedbshud _bshnm vhsg sgd gdko ne
sgd Vdssdqhbg dpt_shnm- Enq sghr) vd l_jd sgd _mr_sy

�j ≃ R )∆�j)0k - ’3-38(

Ax cd“mhshnm) R hr hmcdodmcdms ne j- Jddohmf nmkx R nm sgd qhfgs,g_mc rhcd sn nas_hm sgd finv
ne sgd nmd,knno sdql) vd “mc

j∂j∆�j)0k +
0
1
RSq



�

R�1( )Pj

�0
j∂jPj



+
0
1

j∂j RSq km


R�1( )Pj



- ’3-4.(

Hmsdfq_shmf sghr dpt_shnm) vd “mc

� ≃ R )
0
1
RSq km R�1( ) ’3-40(

vghbg hr sgd jmnvm dwoqdrrhnm enq sgd nmd,knno deedbshud _bshnm-
Vgdm hs bnldr sn rb_ssdqhmf _lokhstcdr) rdd ’3-18() vd mddc sgd bnqqdk_shnm etmbshnmr

� �m(- Sgdhq j,cdodmcdms bntmsdqo_qsr _krn etk“kk dw_bs nmd,knno sxod finv dpt_shnmr) rn sg_s
sgd bnqqdk_snqr b_m ad bnlotsdc chqdbskx- S_jhmf _ “dkc,cdqhu_shud ne sgd Vdssdqhbg dpt_shnm)
vd “mc

j∂j�
�0(
j + �

0
1
RSq



Fj�
�2(
j Fj j∂jPj



- ’3-41(

S_jhmf xds _mnsgdq cdqhu_shud) vd “mc sgd finv ne sgd svn,onhms etmbshnm9

j∂j�
�1(
j + �

0
1
RSq



Fj�
�3(
j Fj j∂jPj



) RSq


Fj�
�2(
j Fj�

�2(
j Fj j∂jPj



- ’3-42(

Sgd o_ssdqm bnmshmtdr enq ghfgdq nqcdqr- Mnsd sgd dldqfhmf ghdq_qbgx9 sgd finv ne sgd m,onhms
etmbshnm �

�m(
j nmkx cdodmcr nm sgd bnqqdk_shnm etmbshnmr �

�1(
j ) - - - ) � �m)1(

j - Sgd _enqdldmshnmdc
udqsdw dwo_mrhnm dwoknhsr sghr ghdq_qbgx sn hlokdldms _ rxrsdl_shb _ooqnwhl_shnm rbgdld-

3-1-2 ?ooqnwhlWsd qdrnktshnm ldsgncr9 sqtmbWshnm rbgdldr

Sgd Vdssdqhbg dpt_shnm hr _m dw_bs) mnm,odqstqa_shud) etmbshnm_k hmsdfqn,cheedqdmsh_k dpt_shnm
enq sgd D@@ �j- Xds) rnkuhmf hs qdpthqdr rnld enql ne _ooqnwhl_shnm9 nmd mddcr _m ‘mr‘sy sn
dwoqdrr �j _mc dwsq_bs sgd finv oqnidbsdc nmsn _ rl_kk o_qs ne sgd hm“mhsd,chldmrhnm_k sgdnqx
ro_bd ro_mmdc ax _kk hmsdq_bshnm bntokhmfr fdmdq_sdc ax sgd rxlldsqx fqnto ne sgd sgdnqx-
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Sn _ooqnwhl_sd sgd D@@) nmd mddcr _m nqcdqhmf oqhmbhokd) vghbg anhkr cnvm sn bgnnrhmf _
v_x sn dwo_mc sgd _bshnm) _mc _ sqtmb_shnm nqcdq vghbg cd“mdr sgd _bbtq_bx ne sgd _ooqnw,
hl_shnm vhsghm sgd fhudm dwo_mrhnm rbgdld- Enbtrhmf nm _ sgdnqx vhsg nmd qd_k rb_k_q “dkc)
svn onotk_q dwo_mrhnm rbgdldr _qd sgd udqsdw dwo‘mrhnm

�j=φ[ +
∞


m+.

0
m�



cc w0 · · ·cc wm�
�m(
j �w0) - - - ) wm(φ �w0( · · ·φ �wm( ) ’3-43(

_mc sgd cdqhu‘shud dwo‘mrhnm

�j +



cc w


Uj�φ( )
0
1

Yj�φ(
�

∂µφ
1

)N
�

∂ 3




- ’3-44(

Sgd enqldq _bbntmsr enq sgd etkk lnldmstl cdodmcdmbd _mc trdr _r sgd nqcdqhmf oqhmbhokd
sgd “dkc ’h-d-) hs hr mnm,odqstqa_shud hm sgd ogxrhb_k lnldmstl o) ats odqstqa_shud hm sgd “dkc)
vghbg _bsr _r sgd dwo_mrhnm o_q_ldsdq() vgdqd_r sgd k_ssdq hr _ o_qshbtk_q sxod ne nodq_snq
dwo_mrhnm vgdqd sdqlr _qd nqcdqdc _bbnqchmf sn onvdqr ne sgd cdqhu_shud ’hm nsgdq vnqcr) sghr
dwo_mrhnm gnkcr enq rl_kk ogxrhb_k lnldms_ o) ats hs hr mnm,odqstqa_shud vhsg qdrodbs sn sgd
“dkc(- Hm ansg b_rdr) sgd dwo_mrhnmr _qd mnm,odqstqa‘shud hm sgd bntokhmfr-

Nmbd _m dwo_mrhnm rbgdld ’khjd sgd udqsdw nq cdqhu_shud dwo_mrhnm( hr “wdc) _ sqtmb_shnm
nqcdq hr bgnrdm vghbg cdodmcr nm sgd rbnod _mc bnlokdwhsx ne sgd b_kbtk_shnm- Sghr _kknvr sn
odqenql bnlots_shnmr) _mc sn hloqnud sgdhq _bbtq_bx rxrsdl_shb_kkx ax hmbqd_rhmf sgd sqtmb_,
shnm nqcdq hm _ rsdo,ax,rsdo e_rghnm-

3-1-3 Rxlldsqhdr Wmc VWqc hcdmshshdr

Rxlldsqhdr _qd _ jdx dkdldms ne PESr sg_s cdrbqhad sgd qd_k vnqkc- Hlonqs_ms dw_lokdr
hmbktcd sgd RT�M( f_tfd rxlldsqx ne X_mf,Lhkkr sgdnqx) trdc sn cdrbqhad sgd enqbdr hm sgd
RL) sgd cheednlnqoghrl rxlldsqx ne fq_uhsx) ats _krn chrbqdsd rxlldsqhdr khjd _ 1,rxlldsqx
sg_s ok_xr _ bdmsq_k qnkd hm sgd cdrbqhoshnm ne sgd Hrhmf lncdk- Enq ntq rgnqs chrbtrrhnm) vd vhkk
mnv _rrtld sg_s sgd rxlldsqx g_r mn _mnl_khdr) sg_s hr) sgd o_sg hmsdfq_k ld_rtqd qdrodbsr
sgd rxlldsqx-

Sgd bdmsq_k onhms ne ntq chrbtrrhnm hr sgd hmsdqok_x ne sgd rxlldsqx vhsg sgd qdftk_qhy_,
shnm- Enq dw_lokd) chldmrhnm_k qdftk_qhy_shnm) vghbg hr vhcdkx trdc hm odqstqa_shnm sgdnqx)
oqdrdqudr f_tfd rxlldsqx- Nm sgd bnmsq_qx) _ g_qc btsnee aqd_jr hs- Sghr cndr mns ld_m sg_s
nmd b_mmns trd _ g_qc btsnee sn qdftk_qhyd _ f_tfd sgdnqx ˇ hs rhlokx _ccr _m dwsq_ k_xdq ne
bnlokdwhsx _r nmd g_r sn dmrtqd sg_s sgd f_tfd rxlldsqx hr qdrsnqdc _s sgd udqx dmc- Sghr hr
dw_bskx vg_s g_oodmr vhsg sgd EQF9 ’f_tfd( rxlldsqhdr _qd _oo_qdmskx aqnjdm ax sgd qdft,
k_snq) ats sgd aqd_jhmf hr dmbncdc hm rxlldsqx hcdmshshdr sg_s _kknv sn qdrsnqd sgd rxlldsqx hm
sgd khlhs j → .) h-d-) vgdm qdbnudqhmf sgd rs_mc_qc deedbshud _bshnm-

Kds tr _cc rnld bnmbqdsdmdrr sn sghr chrbtrrhnm- @r _ rs_qshmf onhms) bnmrhcdq _ sgdnqx
vgdqd sgd lhbqnrbnohb _bshnm hr hmu_qh_ms tmcdq _ rxlldsqx) khjd N�M( nq RT�M() vhsg _m
hm“mhsdrhl_k fdmdq_snq F-27 Enq dw_lokd) _ fkna_k N�M( vntkc g_ud _ fdmdq_snq

F‘
N�M( + � e ‘ab



cc w φ a�w(
δ

δφb�w(
) ’3-45(

vgdqd_r enq _m RT�M( f_tfd rxlldsqx)

F‘
RT�M( + �C‘a

µ �w(
δ

δ?a
µ�w(

+ �


∂µδ
‘a � f e ‘ab?b

µ�w(
 δ

δ?a
µ�w(

- ’3-46(

27Sghr ld_mr sg_s Fφ hr khmd_q hm φ-
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Kds tr “qrs bgdbj vg_s g_oodmr sn sgd rs_mc_qc deedbshud _bshnm- Enq sghr) vd _ookx F sn sgd
o_sg hmsdfq_k ’nmbd _f_hm _rrtlhmf sg_s sgd ld_rtqd mns _mnl_kntr) h-d-) hmu_qh_ms(9

. +
0

Y=I[



CϕF d�R=ϕ[)


cc w I�w(ϕ�w(

+
0

Y=I[



Cϕ



�FR=ϕ[ )



cc w I�w(Fϕ�w(



d�R=ϕ[)


cc w I�w(ϕ�w(

+ �}FR〉I ) }


cc w I�w(Fϕ�w(〉I -

’3-47(

Sn fds sn sgd rdbnmc khmd) vd trdc sgd khmd_qhsx ne F- Rhmbd vd _qd hmsdqdrsdc hm sgd deedbs ne
F nm � ) kds tr du_kt_sd sghr dwoqdrrhnm _s sgd rtoqdltl rntqbd) I + Irto=φ[- Sgd k_ssdq hr
hmcdodmcdms ne ϕ ax bnmrsqtbshnm) rhmbd hs nmkx cdodmcr nm sgd udu- Vhsg sghr) vd “mc

. + �}FR〉Irto
)



cc w Irto�w( }Fϕ�w(〉Irto

+ �}FR〉Irto
)



cc w
δ�

δφ�w(
Fφ�w(

+ �}FR〉Irto
)F � =φ[ -

’3-48(

Hm sghr cdqhu_shnm) vd trdc sgd pt_mstl dpt_shnm ne lnshnm _mc sgd cd“mhshnm ne sgd udu hm
sgd “qrs rsdo) _mc sgd khmd_qhsx ne F hm sgd rdbnmc rsdo-

Sgd deedbshud _bshnm hr hmu_qh_ms tmcdq _ rxlldsqx he sgd lhbqnrbnohb _bshnm hr)

F � + }FR〉Irto
- ’3-5.(

Sghr rhlokd _mc bnmudmhdms qdrtks hr bnlokhb_sdc hm sgd oqdrdmbd ne f_tfd “whmf _mc qdftk_q,
hy_shnm-

Kds tr “qrs chrbtrr f_tfd rxlldsqx- Sgdrd rxlldsqhdr qdpthqd f_tfd “whmf uh_ _ f_tfd,
“whmf _bshnm Rfe _mc _m _bbnlo_mxhmf E_ccddu,Ononu fgnrs _bshnm Rfg sn l_jd sgd o_sg hm,
sdfq_k vdkk,cd“mdc- Ansg sgdrd dwsq_ sdqlr aqd_j f_tfd rxlldsqx) ats sgdx oqdrdqud vg_s hr
b_kkdc AQRS hmu_qh_mbd >133) 134[- F_tfd hmu_qh_mbd ne sgd deedbshud _bshnm hr sgdm dmbncdc
hm _ fdmdq_khydc hcdmshsx-

@rrtlhmf sg_s sgd lhbqnrbnohb _bshnm hr f_tfd,hmu_qh_ms) sgd VWqc,SWjWgWrgh hcdm,
shsx >135)136[ gnkcr

V + F � � }F
�

Rfe ) Rfg



〉Irto
+ . - ’3-50(

Hs chbs_sdr vghbg aqd_jhmf sdqlr _qd) _mc _qd mns) _kknvdc hm � -

Enq dw_lokd) hm X_mf,Lhkkr sgdnqx) hs enqahcr _ l_rr sdql enq sgd f_tfd anrnm ˇ _ sdql l1
??

‘
µ?‘µ

hr hmbnlo_shakd vhsgV -
Rdbnmc) vd g_ud sn chrbtrr rxlldsqx aqd_jhmf hmctbdc ax sgd qdftk_qhy_shnm- Sgd adrs b_rd

rbdm_qhn hr ne bntqrd he _ qdftk_snq b_m ad bgnrdm sg_s qdrodbsr sgd rxlldsqx- Enq khmd_q fkna_k
rxlldsqhdr khjd N�M() sghr hr d_rhkx onrrhakd- Tmenqstm_sdkx) enq mnm,khmd_q rxlldsqhdr khjd
RT�M( nq cheednlnqoghrl rxlldsqx) sgd mnm,khmd_q rsqtbstqd bk_rgdr vhsg sgd etmc_ldms_k
qdpthqdldms sg_s sgd qdftk_snq sdql ad pt_cq_shb hm sgd “dkc- Sgtr) sgd qdftk_snq fdmdqhb_kkx
qdoqdrdmsr _ mdv rntqbd ne rxlldsqx aqd_jhmf) _mc g_r sn ad _bbntmsdc enq _r _ lnch“b_shnm
sn sgd V_qc,S_j_g_rgh hcdmshsx-
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@ rhlhk_q cdqhu_shnm _r enq sgd rs_mc_qc b_rd sgdm qdrtksr hm sgd lnch“dc VWqc,
SWjWgWrgh hcdmshsx

Vj + F �j )F∆Rj � }F
�

Rfe ) Rfg )∆Rj



〉Irto
+ . - ’3-51(

Ax bnmrsqtbshnm) vgdm j → .) sgd rs_mc_qc hcdmshsx hr qdbnudqdc- Nmd b_m etqsgdqlnqd rgnv
sg_s sgd QF finv ne Vj hr oqnonqshnm_k sn hsrdke- @s _m dw_bs kdudk) sghr ld_mr sg_s he hs hr
etk“kkdc _s _m hmhsh_k rb_kd j + Λ) hs hr _krn etk“kkdc _s _kk nsgdq rb_kdr j- Sghr trdetk oqnodqsx
gnvdudq e_hkr nmbd _ooqnwhl_shnmr _qd trdc) _mc nmd g_r sn bnmsqnk sgd bnqqdronmchmf dqqnq
sn qdrsnqd sgd rxlldsqx _s j + .- Gnv sn cn sghr adrs) hm o_qshbtk_q hm PF) hr sgd snohb ne _bshud
qdrd_qbg >102[-

Sn aqhdfix hkktrsq_sd sghr) kds tr bnld a_bj sn sgd l_rr sdql ne _m RT�M( f_tfd anrnm- @r
rs_sdc _anud) V enqahcr rtbg _ sdql) rn sg_s l1

?)j+. + .- Gnvdudq) _s “mhsd j) sgd qdftk_snq
hmsqnctbdr rtbg _ sdql) _mc sgd lnch“dc V_qc,S_j_g_rgh hcdmshsx hmcddc cndr mns enqahc hs-
Rnkuhmf Vj) nmd hmcddc “mcr sg_s sgd l_rr sdql qtmr _ooqnwhl_sdkx khjd l1

?)j ≈ f1j1- Sgd

m_hud bgnhbd l1
?)j + . enq _kk j vntkc _bst_kkx uhnk_sd sgd hcdmshsx) _mc vntkc sgdm mns qdrsnqd

f_tfd rxlldsqx _s j + . >137[-

3-1-4 LWjhmf rdmrd ne sgd rtodq sqWbd hm fqWuhsx9 sgd gdWs jdqmdk

Hm sghr rtardbshnm) vd vhkk rjdsbg gnv sn odqenql sgd rtodq sq_bd vgdm ro_bdshld hr btqudc-
Sn rhlokhex sgd chrbtrrhnm) vd vhkk chrbtrr _ eqdd rb_k_q “dkc hm _ “wdc btqudc ro_bdshld) _mc
dwoknqd vghbg sdqlr sgd rtodq sq_bd vhkk fdmdq_sd- Vd vhkk enkknv sgd dwonrhshnm hm >138[) _mc
lnqd cds_hkr b_m ad entmc) d-f-) hm >14.[-

@r _ rs_qshmf onhms) vd bnmrhcdq sgd _bshnm

�j +



cc w


f
0
1
�∇µφ(�∇µφ( ) ’3-52(

_mc bnlotsd sgd pt_mstl bnqqdbshnmr oqnctbdc ax hs- Ax cheednlnqoghrl hmu_qh_mbd) sgd
qdrtkshmf QF finv g_r sn g_ud sgd enql

j∂j�j +



cc w


f


b. ) b0 Q ) b1 Q1 ) b2QµµQ
µµ ) - - -



- ’3-53(

Sgd fn_k hr sn bnlotsd sgd mtldqhb_k bnde“bhdmsr bh - Vd vhkk mnv vnqj hm onrhshnm ro_bd ’rhmbd
_ lnldmstl ro_bd hm fdmdq_k cndr mns dwhrs vgdm sgd btqu_stqd hr mnm,ydqn(- Sn du_kt_sd sgd
finv) vd “qrs bnlotsd sgd rdbnmc u_qh_shnm ne sgd _bshnm ’3-52()28

�
�1(
j + �fµµ∇µ∇µ ≡ �∇1 ≡∆ - ’3-54(

@cchmf _ fdmdq_k qdftk_snq) vd sgtr g_ud sn du_kt_sd

0
1
RSq



�∆)Pj�∆((�0 j∂jPj�∆(


≡
0
1
RSqV �∆( - ’3-55(

Sgd s_rj hr sgtr sn bnlotsd sgd sq_bd ne _ fdmdq_k etmbshnm ne sgd K_ok_bd nodq_snq ∆- Adenqd
vd cd_k vhsg sghr) kds tr “qrs bnlotsd _ rhlokdq rtodq sq_bd) _mc sgdm qdk_sd sgd fdmdq_k sq_bd
sn sghr rhlokdq nmd- Sghr hcd_ fndr tmcdq sgd m_ld ne sgd gdWs jdqmdk ldsgnc- Hs stqmr nts
sg_s vd b_m bnlotsd

RSq d�r∆ ≡ RSqG�r( ) ’3-56(

28Gdqd _mc hm sgd enkknvhmf) vd _qd rtooqdrrhmf sqhuh_k e_bsnqr ne sgd Chq_b cdks_ chrsqhatshnm vghbg ’hm lnldmstl
ro_bd( hlokdldms lnldmstl bnmrdqu_shnm-
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hm _m dwo_mrhnm _r hmchb_sdc _anud- Cd“mhmf sgd l_sqhw dkdldmsr ne G�r( hm _ onrhshnm a_rhr)

G�w ) x: r( + }x |G�r(|w〉 ) ’3-57(

sgd rtodq sq_bd vntkc rhlokx bnqqdronmc sn _ rtl nudq sgd dhfdmu_ktdr- Sgdrd l_sqhw dkdldmsr
etk“kk sgd gd_s dpt_shnm3.

∂rG�w ) x: r( + �∆w G�w ) x: r( )

G�w ) x: .( + δ�w � x( -
’3-58(

Sgd rtarbqhos w nm sgd K_ok_bd nodq_snq hmchb_sdr sg_s hs _bsr nm sgd w,u_qh_akd- Hm sgd enkknv,
hmf) vd vhkk mns hmchb_sd sghr _mxlnqd: sghr hr _ rs_mc_qc nlhrrhnm hm sgd khsdq_stqd- Mnv vd
b_m _f_hm trd sgd e_bs sg_s) _r ogxrhbhrsr) vd _qd vdkk,sq_hmdc hm rnkuhmf cheedqdmsh_k dpt_shnmr-
Enq dw_lokd) enq _ fi_s ro_bdshld vgdqd ∆ + �∂ 1) sgd etmc_ldms_k rnktshnm hr

G�w ) x: r( +


0
3πr

c<1

d�
�w�x(1

3r - ’3-6.(

Vhsg sghr) vd b_m cd“md sgd rtodq sq_bd _r

RSq d�r∆ + sq



cc w


f }w |d�r∆|w〉 + sq



cc w


f G�w ) w: r( - ’3-60(

Gdqd) sq hmchb_sdr sgd sq_bd nudq chrbqdsd hmchbdr ’d-f- ro_bdshld _mc f_tfd hmchbdr() _mc vd
b_kk G�w ) w: r( sgd bnhmbhcdmbd khlhs ne sgd gd_s jdqmdk) rhmbd ansg onhmsr bnhmbhcd- Vd vhkk
nesdm cdmnsd sghr khlhs ax _m nudqa_q) G�w ) w: r( ≡ G�r(-

Kds tr l_jd rtqd sg_s sghr cd“mhshnm enq sgd gd_s jdqmdk l_jdr rdmrd) h-d-) sg_s hs qd_kkx
bnqqdronmcr sn _ rhlokd hmsdfq_k nudq _ knno lnldmstl- Enq sghr) vd s_jd ’3-56( _mc fn sn
lnldmstl ro_bd sn bnlotsd



cc o
�1π(c

d�ro1
+

0
�1π(c



cΩ

 ∞

.

co oc�0 d�ro1

+
0

�1π(c



1πc<1

� �c<1(





� �c<1(
1rc<1



+


0
3πr

c<1

-

’3-61(

Enq sghr) vd trdc rogdqhb_k bnnqchm_sdr- Nm sgd nsgdq g_mc) mnsd sg_s sgd bnhmbhcdmbd khlhs ne
sgd fi_s gd_s jdqmdk ’3-6.( hmcddc du_kt_sdr sn sgd r_ld dwoqdrrhnm)

G�w ) w: r( +


0
3πr

c<1

- ’3-62(

Sgd ok_m hr mnv sn bnlotsd G�w ) x: r( hm _ fdmdq_k ro_bdshld- Enq sghr) vd s_jd hmrohq_shnm
eqnl sgd fi_s gd_s jdqmdk) _mc l_jd sgd _mr_sy sg_s

G�w ) x: r( +


0
3πr

c<1

d�
σ�w )x(

1r Ω�w ) x: r( - ’3-63(

Hm sghr) σ�w ) x( hr g_ke ne sgd rpt_qdc fdncdrhb chrs_mbd adsvddm sgd onhmsr w _mc x ) rnldshldr
_krn b_kkdc sgd zvnqkc etmbshnm•- Ax sghr cd“mhshnm) hsr bnhmbhcdmbd khlhs u_mhrgdr)

σ�w ) w( ≡ σ̃ + . - ’3-64(

3.Sghr hr vgdqd sgd ldsgnc cdqhudr hsr m_ld eqnl-
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Hs _krn r_shr“dr sgd etmcWldmsWk dptWshnm enq sgd vnqkc etmbshnm

0
1
�∇µσ(�∇µσ( + σ - ’3-65(

Lnqdnudq) Ω hr sgd etmbshnm sg_s vd g_ud sn rnkud enq ˇ ax bnmrhrsdmbx) hs rgntkc ad sgd hcdmshsx
oktr btqu_stqd bnqqdbshnmr- Mnsd sg_s rhmbd r∆ hr chldmrhnmkdrr enq sgd gd_s jdqmdk sn ad vdkk,
cd“mdc) vd dwodbs _m dwo_mrhnm ne Ω vgdqd d_bg e_bsnq ne btqu_stqd hr _bbnlo_mhdc ax _
e_bsnq ne r) _mc rhlhk_qkx) d_bg e_bsnq ne _ bnu_qh_ms cdqhu_shud bnldr vhsg _ e_bsnq ne


r) enq

sgd nudq_kk chldmrhnm sn ad bnmrhrsdms-
Vd vhkk mnv cdqhud _m dpt_shnm sg_s cdsdqlhmdr Ω- Enq sghr) vd hmrdqs ntq _mr_sy enq

G�w ) x: r( hmsn sgd gd_s dpt_shnm- Trhmf ’3-65() _esdq _ rgnqs bnlots_shnm vd “mc


�
c
1r

) ∂r �∇1 )
0
1r

�∇1σ�w ) x((


Ω�w ) x: r( )
0
r
�∇µσ�w ) x((�∇µΩ�w ) x: r((



+ . - ’3-66(

@kk bnu_qh_ms cdqhu_shudr gdqd _mc hm sgd enkknvhmf _qd vhsg qdrodbs sn sgd u_qh_akd w - Sn rnkud
sghr) vd l_jd _ rdqhdr dwo_mrhnm ne Ω hm r930

Ω�w ) x: r( ∼


m≥.

rm ?m�w ) x( ) r → . - ’3-67(

vhsg sgd antmc_qx bnmchshnm ?.�w ) w( ≡ ?. + 0- Hmrdqshmf sghr _mr_sy hmsn sgd _anud dpt_shnm
_mc rnkuhmf hmchuhct_kkx enq d_bg onvdq ne r) vd “mc _m hlonqs_ms qdbtqrhud qdk_shnm-

Qdbtqrhnm qdkWshnm enq rbWkWq gdWs jdqmdk bnde“bhdmsr9


m�
c
1

)
0
1

�

∇1σ�w ) x(




?m�w ) x( ) �∇µσ�w ) x((
�

∇µ?m�w ) x(


�∇1?m�0�w ) x( + . )

’3-68(
vhsg ?�0�w ) x( + . _mc m ∈ -

Vhsg sghr dpt_shnm _mc ’3-65() nmd b_m qdbtqrhudkx bnlotsd sgd bnhmbhcdmbd khlhsr ne sgd gd_s
jdqmdk bnde“bhdmsr ?m-

Sn hkktrsq_sd sgd oqnbdctqd) vd vhkk bnlotsd ?0- Enq sghr) vd “qrs s_jd sgd bnhmbhcdmbd
khlhs ne ’3-68( enq m + 0 _mc fds



0�
c
1

)
0
1
∇1σ



?0 )∇µσ∇µ?0 �∇1?. + . - ’3-7.(

Eqnl sghr vd rdd sg_s vd g_ud sn bnlotsd rdudq_k nsgdq bnhmbhcdmbd khlhsr sn rnkud sghr dpt_,
shnm enq ?0- Vd mddc ∇1σ) ∇µσ) ∇1?. _mc onsdmsh_kkx dudm ∇µ?0- Sgd k_ssdq sdql knnjr
oqnakdl_shb) _r hs vntkc qthm sgd qdbtqrhud rnktshnm rsq_sdfx) ats vd vhkk rdd sg_s hs hr _bst_kkx
g_qlkdrr- Kds tr _krn onhms nts sg_s _ bnu_qh_ms cdqhu_shud ne _ bnhmbhcdmbd khlhs hr mns sgd r_ld
_r sgd bnhmbhcdmbd khlhs ne _ bnu_qh_ms cdqhu_shud- Enq dw_lokd) ∇1?. ̸+ ∇1?. + ∇10 + .- Vd
b_m gnvdudq otkk ltkshokhb_shud nodq_snqr nts ne sgd bnhmbhcdmbd khlhs- Sghr hmbktcdr q_hrhmf
_mc knvdqhmf hmchbdr zsgqntfg• sgd bnhmbhcdmbd khlhs) d-f-) fµµ∇µ?. + ∇µ?.) ats _krn otkkhmf
nts btqu_stqd sdmrnqr) d-f- Qµµ ?. + Qµµ ?.-

@r _ mdws rsdo) kds tr sqx sn cdqhud _m dpt_shnm enq ∇1?.- Enq sghr) vd _bs vhsg ∇1 nm ’3-68(
vhsg m + . _mc s_jd sgd bnhmbhcdmbd khlhs- Vd “mc

0
1
∇1∇1σ?. )∇µ∇1σ∇µ?. )



�
c
1

)
0
1
∇1σ



∇1?.

)∇1∇µσ∇µ?. )∇µσ∇1∇µ?. ) 1∇µ∇µσ∇µ∇µ?. + . -
’3-70(

30Sghr hr lnshu_sdc ax sgd bnmrhcdq_shnm ne sgd l_rr chldmrhnm _anud) sg_s btqu_stqdr bnld vhsg onvdqr ne r-
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Nmbd _f_hm) sgdqd _qd rdudq_k sdqlr sg_s g_ud sgd onsdmsh_k sn aqd_j ntq qdbtqrhud rnktshnm
rsq_sdfx- Hm _mx b_rd) vd vhkk bdqs_hmkx mddc bnmsq_bshnmr ne sgd bnhmbhcdmbd khlhs ne to sn _s
kd_rs entq bnu_qh_ms cdqhu_shudr _bshmf nm sgd vnqkc etmbshnm- Kds tr bnlotsd sgdrd _mc rdd he
sgdqd _qd _mx rhlokh“b_shnmr-

Sgd rs_qshmf onhms enq sghr bnlots_shnm hr sgd oqnodqsx ’3-65( ne sgd vnqkc etmbshnm- S_jhmf
sgd bnhmbhcdmbd khlhs ne hs) vd “mc

0
1
∇µσ∇µσ + σ + . ⇒ ∇µσ + . - ’3-71(

Sghr qdk_shnm hr udqx gdkoetk) _r hs dkhlhm_sdr oqnakdl_shb sdqlr hm ansg ’3-7.( _mc ’3-70(- Mdws)
vd s_jd _ bnu_qh_ms cdqhu_shud ne ’3-65( _mc nmbd _f_hm s_jd sgd bnhmbhcdmbd khlhs- Gdqd) vd
rhlokx “mc _ sqtd qdk_shnm9

. + ∇µσ∇�∇µσ + ∇�σ + . - ’3-72(

Enkknvhmf sgd r_ld rsq_sdfx) _s sgd mdws rsdo vd “mc
�

∇β∇�∇µσ�w ) x(


�∇µσ�w ) x(( )
�

∇�∇µσ�w ) x(
 �

∇β∇µσ�w ) x(


+ ∇β∇�σ�w ) x( - ’3-73(

S_jhmf sgd bnhmbhcdmbd khlhs) vd g_ud

∇�∇µσ∇β∇µσ + ∇β∇�σ - ’3-74(

Sghr rhfmh“dr sg_s ∇�∇βσ hr hcdlonsdms- Rhmbd hs _krn g_r sn ad _ fdnldsqhb pt_mshsx) hs g_r
sn ad sgd hcdmshsx�ldsqhb)

∇µ∇µσ + fµµ - ’3-75(

@r _ chqdbs bnmrdptdmbd)
∇1σ + c - ’3-76(

Qdod_shmf sgd r_ld oqnbdctqd) _s sgd mdws rsdo vd fds _r _m hmsdqldch_sd qdrtks

∇β∇�∇γσ)∇γ∇�∇βσ + . - ’3-77(

Kds tr pthbjkx qdb_kk sgd bnllts_snq ne bnu_qh_ms cdqhu_shudr _bshmf nm _m _qahsq_qx sdmrnq S -
Vd g_ud



∇µ)∇µ



S�0---�m
+

m


h+0

Q β
µµ�h

S�0---�h�0β�h)0---�m
- ’3-78(

Rnqshmf bnu_qh_ms cdqhu_shudr hmsn sgd r_ld nqcdq) vd “mc

1∇γ∇β∇�σ) Q�δβγ∇δσ + . ) ’3-8.(

nq
∇µ∇µ∇ρσ + . - ’3-80(

Ehm_kkx) _esdq _ kdmfsghdq ’ats bnlokdsdkx _m_knfntr( bnlots_shnm) nmd _qqhudr _s

∇µ∇µ∇ρ∇σσ + �
0
2

�

Qµρµσ ) Qµσµρ



- ’3-81(

Kds tr rtll_qhyd sgdrd qdrtksr9 Sgd “qrs edv bnhmbhcdmbd khlhsr ne bnu_qh_ms cdqhu_shudr ne sgd
vnqkc etmbshnm σ�w ) x( qd_c9

σ + ∇µσ + ∇µ∇µ∇ρσ + . ) ’3-82(

∇µ∇µσ + fµµ ) ’3-83(
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∇µ∇µ∇ρ∇σσ + �
0
2

�

Qµρµσ ) Qµσµρ



- ’3-84(

@r _ chqdbs bnmrdptdmbd) vd “mc

∇1σ + c ) ∇1∇1σ + �
1
2
Q - ’3-85(

Kds tr mnv trd sgdrd qdrtksr sn “qrs bnlotsd ∇1?.) _mc sgdm “m_kkx ?0- Trhmf ’3-70( _mc sgd
qdrtksr itrs cdqhudc) vd g_ud

∇1?. +
0
5
Q - ’3-86(

Hmrdqshmf sghr hmsn ’3-7.() vd “mc

?0 +
0
5
Q - ’3-87(

Mnsd gnv _kk sdqlr sg_s vntkc aqd_j sgd qdbtqrhud rnktshnm rsq_sdfx _qd g_qlkdrr _esdq _kk) _r
sgdx ltkshokx cdqhu_shudr ne sgd vnqkc etmbshnm vgnrd bnhmbhcdmbd khlhsr u_mhrg- Hs hr rsq_hfgs,
enqv_qc sn bgdbj sg_s sghr hr sgd b_rd enq _kk gd_s jdqmdk bnde“bhdmsr-

Rtll_qhyhmf) _esdq _ rnldvg_s o_hmetk oqnbdrr) vd g_ud bnlotsdc sgd “qrs mnm,sqhuh_k
gd_s jdqmdk bnde“bhdms-

Sgd bnhmbhcdmbd khlhs ne sgd etmbshnm Ω ne sgd gd_s jdqmdk g_r sgd _rxlosnshb dwo_mrhnm

Ω�r( ∼ 0 )
0
5
r Q )N�r1( - ’3-88(

Sghr cd“mdr sgd gd_s jdqmdk bnde“bhdms ?0-

Vghkd hs hr bkd_q sg_s sghr oqnbdctqd b_m ad dwsdmcdc nqcdq ax nqcdq) sgd _kfdaq_hb bnlokdw,
hsx adbnldr udqx k_qfd udqx pthbjkx >140[) _mc nmd rgntkc trd bnlotsdq sdmrnq _kfdaq_ sn
_tsnl_shyd sgd bnlots_shnm >0.8)002[-

Adenqd bnlhmf a_bj sn ntq nqhfhm_k rtodq sq_bd) kds tr aqhdfix bnlldms nm gnv sgd gd_s
jdqmdk b_m ad fdmdq_khydc- Ehqrs ne _kk) vd b_m bnmrhcdq _ “dkc vhsg _ rtodq,hmcdw) Φ?- Sgdm)
sgd jhmdshb nodq_snq vntkc g_ud svn rtbg hmchbdr) ∆?

A- Sgd “qrs bg_mfd hr sg_s Ω�w ) x: r(
_r vdkk _r sgd ?m�w ) x( adbnld ah,sdmrnqr) vhsg nmd rtodq,hmcdw _ss_bgdc sn d_bg onrhshnm-

Sghr enq dw_lokd _krn dms_hkr sg_s sgd antmc_qx bnmchshnm enq sgd qdbtqrhnm qd_cr ? ?
. A + ?

A)
vgdqd + δΦ<δΦ qdedqr sn sgd hcdmshsx hm sgd bnqqdronmchmf ro_bd- Sgd qdl_hmhmf sq_bd sg_s
vd hmchb_sdc hm sgd fdmdq_k enqltk_ ’3-60( sgdm bnqqdronmcr sn _ bnmsq_bshnm ne sgd qdl_hm,
hmf nodm hmchbdr vhsg sghr hcdmshsx- Sgd rdbnmc bg_mfd hr sg_s ctd sn sgd _cchshnm_k hmchbdr)
bnllts_snqr ne bnu_qh_ms cdqhu_shudr _bshmf nm sgd ?m fdmdq_sd fdmdq_khydc z“dkc rsqdmfsg•
sdqlr)



Cµ)Cµ

?
A W A + D ?

µµ AW A) vgdqd C hr sgd f_tfd,bnu_qh_ms cdqhu_shud _ss_bgdc sn sgd
bnqqdronmchmf atmckd rsqtbstqd- Gdqd hs hr hlonqs_ms sn qdldladq sgd ah,sdmrnq rsqtbstqd ne
_kk hmunkudc naidbsr) _mc sg_s bnu_qh_ms cdqhu_shudr nmkx _bs nm w - Sgd rodbh“b enql ne sgd
fdmdq_khydc “dkc rsqdmfsg sdmrnq cdodmcr nm sgd rodbh“b hmcdw bnmsdms- K_rs ats mns kd_rs) nmd
b_m _cc _ mnm,cdqhu_shud sdql sn sgd nqhfhm_k nodq_snq) sg_s vd trt_kkx b_kk _m dmcnlnqoghrl)
vhsgnts g_uhmf sn bg_mfd sgd nudq_kk oqnbdctqd- Sghr hr rnldshldr g_mcx vgdm nmd bnmrhcdqr
sq_bdr ne nodq_snqr rghesdc ax _ btqu_stqd) d-f- ∆) Q<5-

Kds tr “m_kkx bnld a_bj sn ntq nqhfhm_k s_rj) m_ldkx sn bnlotsd

0
1
RSqV �∆( - ’3-0..(

Gnv cn vd qdk_sd sghr sn sgd gd_s jdqmdk; Sn e_bhkhs_sd sghr) vd b_m trd _ rs_mc_qc sqhbj) _mc
_rrtld sg_s V g_r _m hmudqrd K_ok_bd sq_mrenql-
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Rths_akd etmbshnmr V b_m ad qdoqdrdmsdc _r

V �w( +

 ∞

.

cr V̂ �r( d�r w - ’3-0.0(

He sgd hmsdfq_k dwhrsr) sgd etmbshnm V̂ cd“mdr sgd hmudqrd KWokWbd sqWmrenql ne V -

Hm oq_bshbd) vd b_m rs_qs ax _rrtlhmf sg_s ntq etmbshnm V hr sgd K_ok_bd sq_mrenql ne rnld
nsgdq etmbshnm V̂ - He vd cn sghr) vd b_m sgdm qd,vqhsd

0
1
RSqV �∆( +

0
1
RSq

 ∞

.

cr V̂ �r( d�r∆ - ’3-0.1(

@rrtlhmf sg_s sgd _anud rtodq sq_bd _mc sgd hmsdfq_k bnlltsd) vd b_m “m_kkx bnlahmd _kk sgd
qdrtksr ne sghr rtardbshnm sn fds sgd qdk_shnm

0
1
RSqV �∆( ∼

0
1



cc w


f

 ∞

.

cr V̂ �r(


0
3πr

c<1 

0 )
0
5
r Q )N�r1(



- ’3-0.2(

Sghr dwoqdrrhnm rtffdrsr sg_s vd g_ud sq_cdc nmd duhk enq _mnsgdq ˇ vd odqenqldc sgd rt,
odq sq_bd) ats mnv hs rddlr _r he vd g_ud sn bnlotsd sgd hmudqrd K_ok_bd sq_mrenql- Sghr hr
gnvdudq mns sgd b_rd) _r sgd hmudqrd K_ok_bd sq_mrenql b_m ad qdk_sdc a_bj sn sgd etmbshnm V -
Rodbh“b_kkx) hm sgd enkknvhmf vd vhkk oqnud sg_s vd g_ud

 ∞

.

cr V̂ �r( r�m +
0

� �m(

 ∞

.

cy ym�0 V �y( ) m/ . ) ’3-0.3(

vgdqd_r vd _krn g_ud
 ∞

.

cr V̂ �r( rm + ��0(mV �m(�.( ) m ≥ . - ’3-0.4(

Sgdrd svn qdk_shnmr _kknv tr sn l_o hmsdfq_kr nudq sgd hmudqrd K_ok_bd sq_mrenql sn hmsdfq_kr
nudq sgd nqhfhm_k etmbshnm-31 Mnsd sg_s sgdrd b_rdr bnudq _kk sdqlr hm sgd _anud dwo_mrhnm9 enq
knv nqcdqr) vd b_m trd sgd “qrs b_rd) vgdqd_r he sgd nqcdq ne sgd dwo_mrhnm hr ghfg dmntfg)
vd e_kk hmsn sgd rdbnmc b_rd- Kds tr oqnud ansg enqltk_r) rs_qshmf vhsg _ za_bjv_qc• oqnne ne
sgd “qrs- Rs_qshmf vhsg sgd qhfgs,g_mc rhcd) hmrdqshmf sgd qdoqdrdms_shnm uh_ sgd hmudqrd K_ok_bd
sq_mrenql) _mc bnlltshmf hmsdfq_kr) vd “mc

0
� �m(

 ∞

.

cy ym�0 V �y( +
0

� �m(

 ∞

.

cy ym�0

 ∞

.

cr V̂ �r( d�r y

+

 ∞

.

cr V̂ �r(
0

� �m(

 ∞

.

cy ym�0 d�r y

+

 ∞

.

cr V̂ �r(
0

� �m(
��∂r(

m�0

 ∞

.

cy d�r y

+

 ∞

.

cr V̂ �r(
0

� �m(
��∂r(

m�0 0
r

+

 ∞

.

cr V̂ �r( r�m -

’3-0.5(

31Qdb_kk sg_s sghr hr hmcddc sgd adrs sg_s vd b_m gnod enq9 hm fi_s ro_bdshld) sgd rtodq sq_bd hr _ knno hmsdfq_k-

026



RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

Enq sgd oqnne ne sgd rdbnmc enqltk_) vd bnlotsd
 ∞

.

cr V̂ �r( rm +

 ∞

.

cr V̂ �r( rm d�r y

 







y+.

+



��∂y(
m

 ∞

.

cr V̂ �r( d�r y

 







y+.

+ =��∂y(
mV �y([







y+.
+ ��0(mV �m(�.( -

’3-0.6(

Vd sgtr “mc sgd “m_k dwoqdrrhnm enq sgd rtodq sq_bd-

Sgd rtodq sqWbd ne _ etmbshnm V �∆( ne sgd K_ok_bd nodq_snq hr fhudm ax

0
1
RSqV �∆( ∼

0
1

0
�3π(c<1



cc w


f



0

�
� c

1



 ∞

.

cy y
c
1�0 V �y(

)
0
5

0

�
� c

1 � 0
 Q

 ∞

.

cy y
c
1�1 V �y( ) - - -



-

’3-0.7(

Sgd qdl_hmhmf hmsdfq_kr _qd nesdm b_kkdc sgqdrgnkc hmsdfqWkr- Hm ntq rhlokd b_rd) sgdx _qd itrs
qdftk_snq,cdodmcdms mtladqr ltkshokxhmf sgd qhfgs onvdq ne j ˇ lnqd fdmdq_kkx) sgdx vhkk
cdodmc nm sgd bntokhmfr hm sgd sgdnqx- Enq dw_lokd) trhmf sgd Khshl qdftk_snq ’3-24() vd “mc

 ∞

.

cy y
c
1�0 V �y( +

3
c

jc )

 ∞

.

cy y
c
1�1 V �y( +

3
c � 1

jc�1 - ’3-0.8(

Hm sgd enkknvhmf) vd vhkk fhud svn oq_bshb_k dw_lokdr ne sgd _ookhb_shnm ne sgd EQF sn rhlokd
rxrsdlr- Vd rs_qs vhsg _ rhlokd _mg_qlnmhb nrbhkk_snq) _mc sgdm chrbtrr @RPF hm _ rhlokd
_ooqnwhl_shnm-

3-1-5 PtWmstl,ldbgWmhbWk dwWlokd9 WmgWqlnmhb nrbhkkWsnq

Sgd _mg_qlnmhb nrbhkk_snq hr drrdmsh_kkx _ �. ) 0(,chldmrhnm_k qd_k rb_k_q “dkc sgdnqx) vgnrd
sqtmb_sdc D@@ b_m ad vqhssdm _r

�j +



cτ


0
1

w̄1 ) Uj�w(


- ’3-00.(

Sdbgmhb_kkx) sghr b_m ad rddm _r sgd knvdrs,nqcdq sqtmb_shnm ne sgd cdqhu_shud dwo_mrhnm ’3-44(
_mc fndr tmcdq sgd m_ld ne knb‘k onsdmsh‘k ‘ooqnwhl‘shnm-

Sgd “qrs _mc rhlokdrs rsdo sn bnlotsd ads_ etmbshnmr hr _kv_xr sn du_kt_sd sgd kdes,g_mc
rhcd ne sgd finv dpt_shnm) vghbg hm sghr b_rd qd_cr

j∂j�j ≡


cτj ∂jUj - ’3-000(

Enq sgd du_kt_shnm ne sgd qhfgs,g_mc rhcd) sgd fdmdq_k rsq_sdfx hr sn _kv_xr bnlotsd znaidbsr•
rsdo,ax,rsdo) oqnbddchmf eqnl sgd hmmdqlnrs aq_bjds sn sgd ntsdqlnrs nmd- Sgd oq_bshb_k rsdor
_qd sgtr >141[9

0- Hm sgd b_rd ne f_tfd sgdnqhdr) vqhsd cnvm sgd f_tfd,“whmf _bshnm ’sn ad _ccdc sn sgd
ogxrhb_k rs_qshmf _bshnm( _mc sgd E_ccddu,Ononu fgnrs _bshnm ’vghbg bnmsqhatsdr rdo_,
q_sdkx sn sgd qhfgs,g_mc rhcd ne sgd Vdssdqhbg dpt_shnm()
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1- Cdsdqlhmd sgd Gdrrh_m l_sqhw �
�1(
j vhsg qdrodbs sn _kk sgd “dkcr hm sgd rxrsdl) _mc qdft,

k_qhyd hs ax _cchmf sgd qdftk_snq sdqlr Pj vhsg _ooqnoqh_sd sdmrnqh_k rsqtbstqdr)

2- Hmudqs sgd rtl �� �1(
j )Pj( sn nas_hm sgd lnch“dc hmudqrd oqno_f_snq Fj)

3- Odqenql sgd sdmrnqh_k ltkshokhb_shnm ne sgd qdrtkshmf lnch“dc hmudqrd oqno_f_snq _mc sgd
j,cdqhu_shud ne sgd qdftk_snq) j∂jPj)

4- Du_kt_sd sgd etmbshnm_k sq_bdr) dhsgdq ax rvhsbghmf sn lnldmstl ro_bd _mc odqenqlhmf
sgd lnldmstl hmsdfq_kr ’sghr hr nmkx onrrhakd vgdm dwo_mchmf _ants _ fi_s ro_bdshld()
nq ax _ookxhmf sgd gd_s jdqmdk sdbgmhptdr _mc enqltk_r) _r cds_hkdc hm sgd oqduhntr
rtardbshnm)

5- @cnos _ oqnidbshnm rbgdld sn dwsq_bs sgd ads_ etmbshnmr ax bnlo_qhmf sgd kdes, _mc qhfgs,
g_mc rhcdr ne sgd finv dpt_shnm-

Sgd b_rd ne sgd _mg_qlnmhb nrbhkk_snq hr _lnmf sgd rhlokdrs dw_lokdr) _mc sgd rsdor _anud
fqd_skx rhlokhex- Hmcddc) vd g_ud _ rhmfkd rb_k_q “dkc ’sg_s cndr mns qdpthqd f_tfd “whmf) _mc
sgtr mn E_ccddu,Ononu fgnrsr(- Sgd Gdrrh_m ne sghr rxrsdl hr sgd nodq_snq,u_ktdc 0·0 l_sqhw

�
�1(
j + ��∂ 1

τ ) U ′′
j �w((δ�τ� τ′( - ’3-001(

@s sghr onhms) vd mddc sn bgnnrd _mc _cc _ qdftk_snq sdql- Vd rg_kk ohbj sgd Khshl qdftk_,
snq ’3-24() vgnrd j,cdqhu_shud qd_cr

j∂jPKhshl
j + 1j1θ �0� o1<j1(� 1

o1

j1

�

j1 � o1


δ�0� o1<j1( - ’3-002(

Sn oqnidbs sgd finv dpt_shnm) vd mnv bgnnrd w + bnmrs-) rn sg_s vd b_m _ookx sgd rs_mc_qc
Entqhdq sq_mrenql nm sgd qhfgs,g_mc rhcd) _mc sgd RSq qdctbdr sn _ lnldmstl hmsdfq_k- Mnsd
sg_s sgd rdbnmc sdql hm sgd j,cdqhu_shud ne sgd qdftk_snq hmsdfq_sdr sn ydqn) rn sg_s vd “mc

j∂jUj +
0
1

 )∞

�∞

coτ
1π

1j1θ �0� o1
τ<j

1(

j1 ) U ′′
j

+
0
π

j2

j1 ) U ′′
j

- ’3-003(

Sghr hr sgd finv dpt_shnm ’nq) ads_ etmbshnm_k( enq sgd deedbshud onsdmsh_k) _mc hs b_m hm oqhmbhokd
ad rnkudc ax nmkx rodbhexhmf hmhsh_k bnmchshnmr enq Uj >142[- Mnmdsgdkdrr) sn hkktrsq_sd nmd onr,
rhakd oqnidbshnm rbgdld sn dwsq_bs ads_ etmbshnmr) vd rg_kk mnv enbtr nm _ sqtmb‘sdc onsdmsh_k
vhsg _ “mhsd mtladq ne sdqlr) d-f-)

Uj + Dj )
0
1�

ωj w1 )
0
3�

λj w3 - ’3-004(

Sgd sqtmb_sdc rxrsdl g_r sgqdd bntokhmf bnmrs_msr) f ≡ {D)ω)λ{) enq vghbg vd vntkc khjd
sn bnlotsd sgd bnqqdronmchmf ads_ etmbshnmr βfh

≡ j∂j fh - Sn sghr rbnod) kds tr qdok_bd sgd
onsdmsh_k _anud hm hsr finv dpt_shnm

βD )
0
1�

βωw1 )
0
3�

βλw3 +
0
π

j2

j1 )ωj )λj w1<1
- ’3-005(

Hm oqhmbhokd) cheedqdms oqnidbshnm rbgdldr b_m ad trdc _s sghr onhms- @ o_qshbtk_qkx rsq_hfgsenq,
v_qc nmd hr sn dwo_mc sgd qhfgs,g_mc rhcd ne sgd finv dpt_shnm _ants w + .) rn sg_s hs vhkk
ad _ onkxmnlh_k vhsg _ rhlhk_q rsqtbstqd _r sgd nmd nm sgd kdes,g_mc,rhcd ne sgd finv ’lnc,
tkn ghfgdq,nqcdq sdqlr sg_s) nm sgd nmd g_mc) rgntkc ad mdfkdbsdc sn ad bnmrhrsdms vhsg sgd
nqhfhm_k sqtmb_shnm ’3-004() _mc) nm sgd nsgdq g_mc) hmchb_sd sg_s ntq nqhfhm_k sqtmb_shnm hr
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mns bknrdc tmcdq sgd QF finv _mc mddcr sn ad rxrsdl_shb_kkx hloqnudc ax _cchmf ghfgdq,nqcdq
sdqlr hm _ rsdo,ax,rsdo e_rghnm(- Mns_akx) _ rhlhk_q oqnidbshnm rsq_sdfx b_m ad trdc hm sgd b_rd
ne e �Q( fq_uhsx) vgdqd nmd b_m trd _ bnmrs_mskx btqudc a_bjfqntmc khjd _ rogdqd sn du_kt_sd
sgd ads_ etmbshnm_k- He sdqlr vhsg nsgdq sdmrnqh_k rsqtbstqd khjd QµµQ

µµ _qd hmbktcdc) sghr hr mns
dmntfg) _mc nmd mddcr _ lnqd fdmdq_k oqnidbshnm rsq_sdfx-

Dloknxhmf _ S_xknq dwo_mrhnm ne sgd qhfgs,g_mc rhcd) _mc bnlo_qhmf sgd bnde“bhdmsr ne sgd
bnqqdronmchmf onvdqr ne w nm sgd kdes, _mc qhfgs,g_mc rhcdr “m_kkx xhdkcr sgd ads_ etmbshnmr

∂jDj +
0
π

j1

j1 )ωj
)

∂jωj + �
1
π

j1

�j1 )ωj(
1

λj

1
)

∂jλj +
13
π

j1

�j1 )ωj(
2



λj

1

1

-

’3-006(

vghbg b_m ad trdc) d-f-) sn bnlotsd sgd dmdqfx kdudkr ne sgd _mg_qlnmhb nrbhkk_snq nmbd sgd
dmdqfx g_r addm _ooqnoqh_sdkx mnql_khydc- Sgd k_ssdq hr dmrtqdc ax rtasq_bshmf sgd u_bttl
dmdqfx eqnl sgd finv) vghbg vntkc nsgdqvhrd fhud qhrd sn _ finv ne sgd fqntmc rs_sd dmdqfx
dudm hm sgd _ardmbd ne _mg_qlnmhb sdqlr- @ lnqd cds_hkdc odc_fnfhb_k chrbtrrhnm ne sgdrd
ads_ etmbshnmr b_m ad entmc hm >12.[-

3-1-6 FqWuhsx hm sgd Dhmrsdhm,Ghkadqs sqtmbWshnm

Kds tr mnv rstcx sgd rhlokdrs _ooqnwhl_shnm sn hmudrshf_sd sgd ldbg_mhrl ne _rxlosnshb r_edsx
hm entq chldmrhnmr- Bnmbqdsdkx) vd _ooqnwhl_sd sgd D@@ ax itrs sgd Dhmrsdhm,Ghkadqs _bshnm)
vhsg bntokhmfr mnv cdodmchmf nm j)

�j ≃
0

05πFj



c3w


f =1Λj � Q[ - ’3-007(

Sgd _bshnm onrrdrrdr cheednlnqoghrl hmu_qh_mbd- Sgd rxlldsqx hr fdmdq_sdc ax sgd Khd cdqhu_,
shud _knmf _ udbsnq “dkc u)

Gu fµµ + ∇µuµ )∇µuµ - ’3-008(

Bnmrdptdmskx) �j hr hmu_qh_ms tmcdq fµµ → fµµ ) Gu fµµ- Sn bnlotsd sgd QF finv) vd g_ud
sn f_tfd,“w sghr rxlldsqx- Adxnmc sghr) vd _krn mddc _ qdftk_qhy_shnm pt_cq_shb hm sgd “dkc
ˇ vghbg bkd_qkx bk_rgdr vhsg sgd mnm,khmd_q cheednlnqoghrl rxlldsqx _mc sgd bnlo_shahkhsx
bnmchshnm ne sgd ldsqhb) ∇µf�β + .- Ansg sgdrd oqnakdlr b_m ad rnkudc ax sgd a_bjfqntmc
“dkc ldsgnc sg_s vd chrbtrr mdws- Nmbd vd g_ud hmsqnctbdc sghr) vd chrbtrr f_tfd “whmf _mc
E_ccddu,Ononu fgnrsr) sgd bnlots_shnm ne sgd svn,onhms etmbshnm) qdftk_qhy_shnm) odqenqlhmf
sgd sq_bd) _mc “m_kkx qd_chmf nee _mc _m_kxyhmf sgd ads_ etmbshnmr- Hm rohsd ne sgd rhlokd
_ooqnwhl_shnm) sgd enkknvhmf hr fnhmf sn ad udqx sdbgmhbWk: sgd qd_cdq vgn hr hmsdqdrsdc hm sgd
bnqd ldbgWmhrl Wmc ogxrhbr ne ?RPF l_x itlo sn sgd “m_k qdrtks ne sghr rdbshnm9 sgd ads_
etmbshnmr-

AWbjfqntmc “dkc ldsgnc

Sgd aWbjfqntmc “dkc ldsgnc hr _m hmfdmhntr v_x sn odqenql QF bnlots_shnmr hm f_tfd
sgdnqhdr- Sgd tmcdqkxhmf hcd_ hr sn rokhs sgd f_tfd “dkc ˇ hm ntq b_rd sgd ldsqhb ˇ hmsn _m
‘qahsq‘qx ats “wdc a_bjfqntmc) oktr fitbst_shnmr _ants sgd a_bjfqntmc- Nmd sgdm hmsdfq_sdr
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nudq _kk _clhrrhakd fitbst_shnmr- Sghr rokhs b_m ad hlokdldmsdc hm cheedqdms v_xr- Sgd lnrs
rsq_hfgsenqv_qc v_x hr _ khmdWq oWqWldsdqhyWshnm)

fµµ + f̃µµ ) gµµ - ’3-01.(

Gdqd) f̃ hr sgd _qahsq_qx ’hm fdmdq_k mns fi_s( a_bjfqntmc ldsqhb) _mc g hr sgd fitbst_shnm- Sghr
hr sgd o_q_ldsdqhy_shnm sg_s vd vhkk trd gdqd- @m _ksdqm_shud vhsg rnld mhbd bnmbdost_k oqno,
dqshdr hr sgd dwonmdmshWk oWqWldsdqhyWshnm >143[)

fµµ + f̃µρ dwo


f̃�0g
ρ

µ
- ’3-010(

Rnld _rodbsr ne cheedqdms o_q_ldsdqhy_shnmr _qd chrbtrrdc hm >144)145[- Kds tr dlog_rhyd svn
hlonqs_ms onhmsr9

¶ sgd a_bjfqntmc ldsqhb m_stq_kkx hmctbdr fdnldsqhb a_bjfqntmc pt_mshshdr khjd a_bj,
fqntmc btqu_stqdr _mc bnu_qh_ms cdqhu_shudr ˇ sgdx _qd _krn hmchb_sdc ax _m nudqa_q)
_mc

¶ hmchbdr ne a_bjfqntmc pt_mshshdr _mc fitbst_shnmr _qd q_hrdc _mc knvdqdc vhsg sgd a‘bj,
fqntmc ldsqhb-

Vg_s cndr sgd a_bjfqntmc “dkc ldsgnc cn sn sgd f_tfd rxlldsqx; @r _ l_ssdq ne e_bs)
sgdqd _qd mnv svn hmcdodmcdms hlokdldms_shnmr ne sgd rxlldsqx sg_s kd_ud sgd _bshnm hmu_qh,
_ms9

Sgd ptWmstl cheednlnqoghrl sqWmrenqlWshnm qd_cr

f̃µµ → f̃µµ )

gµµ → gµµ )Gu

�

f̃µµ ) gµµ



-
’3-011(

Sgd aWbjfqntmc cheednlnqoghrl sqWmrenqlWshnm hmrsd_c _qd

f̃µµ → f̃µµ )Gu f̃µµ )

gµµ → gµµ )Gugµµ -
’3-012(

F_tfd “whmf vhkk aqd_j sgd rxlldsqx tmcdq pt_mstl cheednlnqoghrlr _mc stqm hs hmsn _ AQRS
rxlldsqx) vghbg hm stqm hr etqsgdq aqnjdm ax sgd qdftk_snq- @r chrbtrrdc adenqd) sgd aqd_jhmf hr
dmbncdc ax _ rxlldsqx hcdmshsx) _mc hm sghr bnmsdws hr b_kkdc sgd lnch“dc Rk_umnu,S_xknq hcdm,
shsx- Vd vhkk mns chrbtrr hs etqsgdq- Nm sgd nsgdq g_mc) sgd rxlldsqx _ss_bgdc sn a_bjfqntmc
cheednlnqoghrlr hr jdos hms_bs-

@o_qs eqnl sgd rs_mc_qc f_tfd rxlldsqx) sgd a_bjfqntmc “dkc ldsgnc hmsqnctbdr _ mdv
rxlldsqx ˇ rokhs rxlldsqx- Ax bnmrsqtbshnm) he sgd a_bjfqntmc ldsqhb hr rghesdc ax _m _q,
ahsq_qx _lntms) _mc vd _citrs sgd bnqqdronmchmf rghes ne sgd fitbst_shnm sn ad sgd mdf_shud
_lntms) sgd sns_k ldsqhb rs_xr sgd r_ld- Sgd _bbnlo_mxhmf rxlldsqx hcdmshsx hr b_kkdc sgd
Mhdkrdm hcdmshsx >146) 147[- Hs rhlokx dmbncdr sg_s hm sgd dmc) vd nmkx g_ud nmd ogxrhb_k
ldsqhb _mc mns svn hmcdodmcdms nmdr- Hm nsgdq vnqcr) hs dmrtqdr a_bjfqntmc hmcdodmcdmbd-
Sgd Mhdkrdm hcdmshsx hr nmbd _f_hm lnch“dc ax sgd hmsqnctbshnm ne f_tfd,“whmf _mc qdftk_snq
sdqlr) _mc qd_cr

Mj +
δ�j

δ f̃µµ
�

δ�j

δgµµ

�


δ

δ f̃µµ
�

δ

δgµµ



�

Rfe ) Rfg





�
0
1
RSq



0


f̃

δ


f̃Pj

δ f̃µµ
Fj



+ . - ’3-013(

Sgd dwokhbhs enql rgnvr sg_s sgd hcdmshsx bnmsqnkr sgd cheedqdmbd adsvddm sgd a_bjfqntmc _mc
fitbst_shnm cdodmcdmbd ne sgd D@@) _mc sg_s sgd cheedqdmbd hr fdmdq_sdc ax f_tfd “whmf _mc
qdftk_qhy_shnm- Khjd sgd nsgdq rxlldsqx hcdmshshdr) sgd lnch“dc Mhdkrdm hcdmshsx hr sgd rtaidbs
ne _bshud qdrd_qbg >110[-
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FWtfd “whmf Wmc EWccddu,Ononu fgnrsr

Vd b_m mnv chrbtrr sgd f_tfd,“whmf sdql hm fq_uhsx snfdsgdq vhsg sgd dmrthmf E_ccddu,Ononu
fgnrsr- @s _ oq_bshb_k kdudk) sghr hr mdbdrr_qx adb_trd sgd fq_uhsnm svn,onhms etmbshnm hr mns
hmudqshakd nm,rgdkk) _mc vd _cc ’f_tfd “whmf( _mc rtasq_bs ’fgnrsr( sdqlr sn bhqbtludms sghr
hrrtd) _r _krn chrbtrrdc hm rdbshnm 1-

Sgd fWtfd,“whmf Wbshnm qd_cr

Rfe +
0
1



c3w


f̃Dµ f̃µµDµ - ’3-014(

Gdqd) Dµ hr _ khmd_q f_tfd,“whmf bnmchshnm9

Dµ ≡ E �β
µ g�β +

0


05πFj�j



δ ��
µ ∇̃β( �

0 ) βj

3
f̃�β∇̃µ



g�β - ’3-015(

Sgd svn pt_mshshdr �j)βj _qd f_tfd,“whmf o_q_ldsdqr ˇ βj chbs_sdr sgd sxod ne f_tfd “whmf)
vgdqd_r �j chbs_sdr gnv rg_qokx sgd f_tfd “whmf hr hlokdldmsdc- Sgd qntmc aq_bjdsr _qntmc
hmchbdr hmchb_sd rxlldsqhy_shnm vhsg tmhs rsqdmfsg- Vghkd sghr hr mns sgd lnrs fdmdq_k v_x
sn f_tfd,“w) hs vhkk rte“bd enq ntq otqonrdr- Nmd b_m rgnv sg_s sgd KWmcWt khlhs) �j → .)
hr _ “wdc onhms enq ansg f_tfd o_q_ldsdqr enq _mx βj + β < 2 >148) 15.[- Kds tr aqhdfix
ldmshnm sg_s vd otkkdc sgd e_bsnq ne Fj _mc �j hmsn sgd f_tfd,“whmf bnmchshnm) hm bnmsq_rs sn
sgd odqstqa_shud sqd_sldms ’be- d-f- ’1-50((- Hm EQF finvr) sghr l_jdr _ cheedqdmbd enq sgd ads_
etmbshnmr) _mc vd g_ud bgnrdm sghr bnmudmshnm gdqd enq bnmudmhdmbd- Sghr v_x) sgd rohm nmd
f_tfd lncd hm sgd fq_uhsnm rdbsnq hr rshkk dw_bskx b_mbdkdc ax sgd E_ccddu,Ononu fgnrs-

Enq sgd _anud f_tfd “whmf) sgd bnqqdronmchmf EWccddu,Ononu fgnrs Wbshnm qd_cr

Rfg +



c3w


f̃ b̃µE �β
µ Gb f�β +



c3w


f̃ b̃µE �β
µ

�

∇�bβ )∇β b�


- ’3-016(

Gdqd) b _mc b̃ _qd sgd fgnrs _mc _msh,fgnrs “dkcr- Mnsd sgd nbbtqqdmbd ne sgd etkk bnu_qh_ms
cdqhu_shud hm sgd Khd cdqhu_shud- Vd vhkk rdd adknv sg_s rtqoqhrhmfkx) sgdqd hr nmkx _ fq_uhsnm,
fgnrs,fgnrs udqsdw) sg_s hr) sgd fgnrs _bshnm hr khmd_q hm sgd fitbst_shnm g hm sgd khmd_q o_q_ld,
sdqhy_shnm ’3-01.(-32

DuWktWshmf sgd rtodq sqWbd

G_uhmf rodbh“dc ntq rs_qshmf onhms) vd b_m mnv rds nts _mc bnlotsd sgd qdrtkshmf QF finv-
Ntq _ooqnwhl_shnm enq sgd f_tfd,“wdc D@@ qd_cr

�j ≃
0

05πFj



c3w


f =1Λj � Q[ )
0
1



c3w


f̃Dµ f̃µµDµ )



c3w


f̃ b̃µE �β
µ Gb f�β -

’3-017(
Ntq _ooqnwhl_shnmr hm sghr _qd _r enkknvr9

¶ vd nmkx bnmrhcdq sdqlr hm sgd _bshnm vhsg to sn svn cdqhu_shudr)

¶ vd dloknx sgd aWbjfqntmc “dkc WooqnwhlWshnm vgdm hs bnldr sn sgd Mhdkrdm hcdmshsx)
h-d-) vd hcdmshex fitbst_shnm _mc a_bjfqntmc cdqhu_shudr ne sgd deedbshud _bshnm)

32Sghr ed_stqd hr gnvdudq mns rs_akd9 ghfgdq,nqcdq udqshbdr _qd hmctbdc _knmf sgd QF finv-
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¶ vd vhkk mdfkdbs sgd qtmmhmf ne sgd f_tfd o_q_ldsdqr �j)βj-

Sgd qdftk_shmf _bshnm mnv g_r sdmrnqh_k rsqtbstqd9

∆Rj +
0
1



c3w


f̃ gµµP
g)µµρσ
j gρσ )



c3w


f̃ b̃µP
b)µµ
j bµ - ’3-018(

Sgd sdmrnq,u_ktdc qdftk_snq etmbshnmrPg)b
j cdodmc nmkx nm a_bjfqntmc naidbsr) h-d-) sgd a_bj,

fqntmc ldsqhb _mc hsr _rrnbh_sdc bnu_qh_ms cdqhu_shudr _mc btqu_stqdr- Vd vhkk rodbhex sgdhq
dw_bs enql _ khsskd k_sdq-

Vhsg sghr rdsto) sgd Vdssdqhbg dpt_shnm qd_cr) hm rnld lnqd cds_hk)

j∂j�j +
0
1
RSq













δ1�j
δg1 )Pg

j
δ1�j
δgδb̃

δ1�j
δgδb

δ1�j
δb̃δg

δ1�j
δb̃1

δ1�j
δb̃δb )Pb

j
δ1�j
δbδg

δ1�j
δbδb̃ )Pb

j
δ1�j
δb1







�0

j∂j





Pg
j . .

. . Pb
j

. Pb
j .










- ’3-02.(

Sgd a_bjfqntmc “dkc _ooqnwhl_shnm bnmrhrsr bnmbqdsdkx ne du_kt_shmf sgd _anud dwoqdrrhnm _s
g + b + b̃ + . ‘esdq g_uhmf odqenqldc sgd rdbnmc u_qh_shnm- Mnsd sg_s mnv) sgd rtodq sq_bd
_krn hmbktcdr _ sq_bd nudq “dkc ro_bd) h-d-) hs hr _krn _ l_sqhw sq_bd enq sgd _anud sgqdd,ax,sgqdd
l_sqhw- S_jhmf ansg sgdrd sghmfr hmsn _bbntms) vd rdd sg_s sgd fq_uhsnm _mc sgd fgnrs rdbsnq
cdbntokd) rhmbd _mx dwoqdrrhnm bnms_hmhmf ansg fq_uhsnm fitbst_shnm _mc fgnrs “dkcr hr _s kd_rs
btahb hm sgd “dkcr) _mc sgtr ntsrhcd ne ntq _ooqnwhl_shnm- Sgtr) vd b_m vqhsd sgd finv _r

j∂j�j ≃
0
1
RSq





δ1�j

δg1
)Pg

j

�0

j∂jPg
j



) RSq





δ1�j

δb̃δb
)Pb

j

�0

j∂jPb
j










g+b̃+b+.

- ’3-020(

Qdb_kk sg_s sgdqd vhkk ad _ lhmtr rhfm enq sgd fgnrs sdql) rsdllhmf eqnl sgd e_bs sg_s sgdx _qd
Fq_rrl_mm,u_ktdc- Sgd e_bsnq ne svn bnldr adb_trd b̃ _mc b _qd hmcdodmcdms “dkcr) _mc sgd
bnmsqhatshnm ne sgd svn sdqlr _anud hr sgd r_ld- Mnsd sg_s hm ansg sgdrd dwoqdrrhnmr) sgdqd hr
rshkk sdmrnq rsqtbstqd sg_s vd g_ud rtooqdrrdc-

Fgnrs bnmsqhatshnm- Kds tr rs_qs vhsg sgd bnmsqhatshnm ne sgd fgnrsr) rhmbd hs hr ltbg d_rhdq sn
bnlotsd- Enq sghr) vd s_jd sgd fgnrs _bshnm) hmrdqs sgd f_tfd “whmf) _mc rhlokhex sgd dwoqdrrhnm
ax rnqshmf bnu_qh_ms cdqhu_shudr9 Sn bnlotsd sgd svn,onhms etmbshnm) vd b_m qdok_bd sgd etkk
bnu_qh_ms cdqhu_shud vhsg sgd a_bjfqntmc bnu_qh_ms cdqhu_shud) rhmbd sgd dwoqdrrhnm hr _kqd_cx
pt_cq_shb hm sgd “dkcr- Sghr fhudr

Rfg ≃
0



05πFj�j



c3w


f̃ b̃µ


δ ��
µ ∇̃β( �

0 ) βj

3
f̃�β∇̃µ



�

∇̃�bβ ) ∇̃β b�


+
0



05πFj�j



c3w


f̃ b̃µ


∇̃1δ �
µ ) ∇̃�∇̃µ �

0 ) βj

1
∇̃µ∇̃�



b�

+
0



05πFj�j



c3w


f̃ b̃µ


∇̃1δ �
µ )

0� βj

1
∇̃µ∇̃� ) Q̃ �

µ



b� -

’3-021(

Hm sgd k_rs rsdo) vd trdc ’3-78( sn bnlltsd bnu_qh_ms cdqhu_shudr- Vd vhkk mnv rds βj + 0 sn
rhlokhex sghr svn,onhms etmbshnm- Cnhmf rn) mnsd sg_s sgd nodq_snq sgdm hr rhlokx _ K_ok_bh_m
vhsg _m dmcnlnqoghrl)

Rfg ≃ �
0



05πFj�j



c3w


f̃ b̃µ


∆̃δ �
µ � Q̃ �

µ



b� ) ’3-022(
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rn hsr gd_s jdqmdk hr d_rx sn bnlotsd- @r dwodbsdc eqnl _ fgnrs “dkc) sgd nudq_kk rhfm ne
sgd jhmdshb sdql hr mdf_shud- Kds tr mnv bgnnrd _ qdftk_qhy_shnm sg_s lhlhbr sgd dw_bs r_ld
rsqtbstqd- Hm o_qshbtk_q) vd vhkk bgnnrd

∆Rfg
j + �

0


05πFj�j



c3w


f̃ b̃µ Qb
j

�

∆̃ � Q̃hb
 �

µ
b� - ’3-023(

Rnld bnlldmsr _qd hm nqcdq- Ehqrs) ax Q̃hb vd ld_m sgd a_bjfqntmc Qhbbh sdmrnq- Rdbnmc) vd
hmbktcdc sgd j,cdodmcdms oqde_bsnq _krn hm sgd qdftk_snq _bshnm ˇ sghr vhkk ad zrddm• ax sgd
j∂j _bshmf nm sgd qdftk_snq hm sgd sq_bd-33 Sghqc) sgd sdmrnq,u_ktdc qdftk_snq etmbshnm b_m ad
cd“mdc uh_ _m hmudqrd K_ok_bd sq_mrenql9

Qb
j

�

∆̃ � Q̃hb
 �

µ
+

 ∞

.

cr Q̂�r(
�

dwo


�r
�

∆̃ � Q̃hb
 �

µ
- ’3-024(

Sghr hr vdkk,cd“mdc rhmbd sgd dwonmdmsh_k g_r _ fkna_kkx bnmudqfdms S_xknq rdqhdr-
Vhsg sghr hm ok_bd) sgd fgnrs bnmsqhatshnm sn sgd rtodq sq_bd g_r sgd rsqtbstq_k enql

�RSqV �∆̃ � Q̃hb( + �
 ∞

.

cr V̂ �r(RSq d�r�∆̃ �Q̃hb( - ’3-025(

@r _kktcdc sn hm rdbshnm 3-1-4) sgdqd _qd rnld bg_mfdr sn ad s_jdm hmsn _bbntms bnlo_qdc sn
sgd rb_k_q gd_s jdqmdk) rhmbd sgd fgnrsr _qd udbsnq “dkcr) rdd sgd bnqqdronmchmf khsdq_stqd >138)
14.[- Sqtmb_shmf sgd gd_s jdqmdk _s rdbnmc nqcdq hm cdqhu_shudr) vd sgdm “mc ’_esdq _ rhlhk_q
b_kbtk_shnm _r enq sgd rb_k_q gd_s jdqmdk(

Sgd bnmsqhatshnm eqnl sgd EWccddu,Ononu fgnrsr sn sgd QF finv hm ntq rdsto hr

�
0

05π1



c3w


f̃



3

 ∞

.

cy y
j∂jQ

b
j�y(�

0
1

j∂j�Fj�j(
Fj�j

Qb
j�y(

y ) Qb
j�y(

)
4
2
Q̃

 ∞

.

cy
j∂jQ

b
j�y(�

0
1

j∂j�Fj�j(
Fj�j

Qb
j�y(

y ) Qb
j�y(

) - - -



-

’3-026(

Sgd cdqhu_shnm ne sgd fgnrs bnmsqhatshnm sn sgd rtodq sq_bd v_r qdk_shudkx rsq_hfgsenqv_qc- Sgd
fq_uhsnm bnmsqhatshnm) vghbg vd _qd fnhmf sn chrbtrr mdws) hr fnhmf sn ad _ ahs lnqd hmunkudc-

FqWuhsnm bnmsqhatshnm- Kds tr mnv bnlotsd sgd fq_uhsnm bnmsqhatshnm sn sgd QF finv- Enq
sghr) vd g_ud sn dwo_mc sgd cheednlnqoghrl,hmu_qh_ms o_qs ne sgd D@@ sn rdbnmc nqcdq hm sgd
fitbst_shnm g- Qdb_kk sg_s vd trd _ khmd_q o_q_ldsdqhy_shnm- Hm sgd enkknvhmf) vd vhkk nesdm
nlhs sgd hmchbdr _mc trd _ l_sqhw mns_shnm vgdqd hmchbdr ne sdmrnqr _qd tmcdqrsnnc sn ad hm
sgdhq cd“mhmf onrhshnm) d-f- svn knvdq hmchbdr enq ansg sgd ldsqhb _mc hsr fitbst_shnm-34 Hm rtbg
_ mns_shnm) vd b_m vqhsd

f + f̃ ) g + f̃
�

) f̃�0g


- ’3-027(

Mnsd mnv sg_s sgd sdql hm aq_bjdsr hr _ sdmrnq ne q_mj �0)0(- Enq rtbg sdmrnqr) l_sqhw ltksh,
okhb_shnm hr bnu_qh_ms) h-d-) sgd l_sqhw oqnctbs ne svn q_mj �0)0( sdmrnqr hr _f_hm _ q_mj �0)0(
sdmrnq- Sghr nardqu_shnm vhkk ad dwsqdldkx trdetk hm sgd enkknvhmf-

33Mnsd gnv vd trdc Qb
j hmrsd_c ne Pb

j sn hmchb_sd sghr ˇ hm sghr v_x) Pb
j + � 0

05πFj�j
Qb

j- Hm sgd khsdq_stqd) sghr

cheedqdmbd hr rnldshldr mns hmchb_sdc-
34Vhsg sghr mns_shnm) vd vhkk hmchb_sd sgd cdsdqlhm_ms dwokhbhskx enq bk_qhsx-

033



RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

Sn dwo_mc sgd _bshnm) vd g_ud sn dwo_mc ansg


f _mc Q sn rdbnmc nqcdq- Kds tr “qrs
chrbtrr sgd cdsdqlhm_ms ne sgd ldsqhb- Trhmf l_sqhw mns_shnm) vd bnlotsd

cds f + cds� f̃ ) g( + cds


f̃
�

) f̃�0g


+ �cds f̃( cds


) f̃�0g


+ �cds f̃( dwo


sq km
�

) f̃�0g


+ �cds f̃( dwo



sq


m≥0

�
��0(m

m

�

f̃�0g
m


+ �cds f̃( dwo



�


m≥0

��0(m

m
sq
�

f̃�0g
m



≃ �cds f̃(


0 ) g�� )
0
1
g��g

β

β
�

0
1
g�βg�β ) - - -



- ’3-028(

Gdqd) vd trdc sg_s sgd cdsdqlhm_ms ne _ oqnctbs hr sgd oqnctbs ne cdsdqlhm_msr- Vd _krn trdc
_ vdkk,jmnvm enqltk_ sn qdk_sd sgd cdsdqlhm_ms ne _ l_sqhw sn sgd dwonmdmsh_k ne sgd sq_bd ne
hsr knf_qhsgl-35 Vd “m_kkx dwo_mcdc sgd etmbshnmr hm _ onvdq rdqhdr- Qdb_kk sg_s hmchbdr _qd
q_hrdc _mc knvdqdc vhsg sgd a_bjfqntmc ldsqhb) d-f-) g�� + f̃�βg�β - S_jhmf sgd rpt_qd qnns
ne sghr dwoqdrrhnm) nmd b_m nmbd lnqd dwo_mc hm onvdqr ne g) sn vhs



cds f ≃


cds f̃


0 )
0
1
g�� )

0
7
g��g

β

β
�

0
3
g�βg�β ) - - -



- ’3-03.(

Sn bnlotsd sgd Qhbbh rb_k_q) vd “qrs mnsd sg_s

Q + fµµQµµ ) ’3-030(

_mc sg_s sgd Qhbbh sdmrnq b_m ad dwoqdrrdc otqdkx hm sdqlr ne sgd bnmmdbshnm _mc hsr o_qsh_k
cdqhu_shudr- Enq sgd hmudqrd ldsqhb _anud) trhmf rhlhk_q sdbgmhptdr _r enq sgd cdsdqlhm_ms) nmd
b_m rgnv sg_s sgd hmudqrd ldsqhb dwo_mcdc hm fitbst_shnmr qd_cr

f�0 +
�

) f̃�0g
�0

f̃�0 - ’3-031(

Qdrsnqhmf hmchbdr _mc sqtmb_shmf _mc rdbnmc nqcdq) vd g_ud

fµµ ≃ f̃µµ � gµµ ) gµ
�g

�µ ) - - - - ’3-032(

Sn dwo_mc sgd Bgqhrsneedk rxlank) kds tr “qrs qdb_kk hsr cd“mhshnm9

�
µ

�β
+

0
1

fµµ
�

∂�fµβ ) ∂β fµ� � ∂µf�β


- ’3-033(

Hs stqmr nts sg_s hs hr lnrs bnmudmhdms sn “qrs bnmrhcdq sgd Bgqhrsneedk rxlank vhsg _kk knvdq
hmchbdr) _r hs hr khmd_q hm sgd ldsqhb- Vd dwo_mc sgd Bgqhrsneedk rxlank ax hmrdqshmf sgd rokhs ne
sgd ldsqhb _mc sgdm bnmudqshmf o_qsh_k cdqhu_shudr sn a_bjfqntmc bnu_qh_ms cdqhu_shudr9

�µ�β +
0
1

�

∂�fµβ ) ∂β fµ� � ∂µf�β


+
0
1

�

∂� f̃µβ ) ∂β f̃µ� � ∂µ f̃�β


)
0
1

�

∂�gµβ ) ∂βgµ� � ∂µg�β


+ �̃µ�β )
0
1

�

∇̃�gµβ ) ∇̃βgµ� � ∇̃µg�β


) �̃
µ

�β
gµµ

+ �̃
µ

�β

�

f̃µµ ) gµµ



)
0
1

�

∇̃�gµβ ) ∇̃βgµ� � ∇̃µg�β


+ �̃
µ

�β
fµµ )

0
1

�

∇̃�gµβ ) ∇̃βgµ� � ∇̃µg�β


-

’3-034(

35Nmd b_m bnmuhmbd nmdrdke ne sghr enqltk_ ax mnshmf sg_s enq _ “mhsd,chldmrhnm_k l_sqhw L ) cds L hr sgd oqnctbs
ne hsr dhfdmu_ktdr- Sgdm vqhshmf λ + dkmλ _mc bnlahmhmf sgd dwonmdmsr) vd “mc sg_s cds L b_m ad vqhssdm _r sgd
dwonmdmsh_k ne sgd rtl ne sgd knf_qhsglr ne hsr dhfdmu_ktdr-

034



RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

@esdq sghr rgnqs bnlots_shnm) vd “mc

�
µ

�β
+ �̃

µ

�β
)

0
1

fµµ
�

∇̃�gµβ ) ∇̃βgµ� � ∇̃µg�β


- ’3-035(

Mnsd sg_s vd jdos sgd hmudqrd ne sgd etkk ldsqhb sn jddo sgd mns_shnm bnlo_bs-
Vhsg sgdrd bnlots_shnmr cnmd) _kk a_rhb hmfqdchdmsr _qd qd_cx) _mc dudqxsghmf hm sgd _bshnm

b_m ad dwo_mcdc- Sghr hr _ rnldvg_s kdmfsgx oqnbdrr _mc vd vhkk itrs rgnv sgd qdrtks- Enq ntq
fdmdq_k f_tfd bgnhbd) _mc mdfkdbshmf antmc_qx sdqlr) sgd o_qs ne sgd D@@ sg_s hr pt_cq_shb hm
g qd_cr

� g1

j +
0

21πFj



c3w


f̃ gµµ





∆̃� 1Λj )
1
2
Q̃


µµρσ � 1B̃µρµσ

�


0�
�0 ) βj(1

7�j



∆̃�Λj )
0
5
Q̃



f̃µµ f̃ρσ

)
0� 1�j ) βj

�j
f̃µµ∇̃ρ∇̃σ ) 1



0�
0
�j



f̃µρ∇̃µ∇̃σ



gρσ -

’3-036(
Hm sghr dwoqdrrhnm) B̃ hr sgd a_bjfqntmc Vdxk sdmrnq) sg_s hr sgd etkkx sq_bdkdrr udqrhnm ne sgd
Qhdl_mm sdmrnq ’be- ’1-067(() _mc vd hmsqnctbdc sgd hcdmshsx nm sgd ro_bd ne rxlldsqhb q_mj
svn sdmrnqr ’hmsqnctbdc hm ’1-6.( enq fi_s ro_bdshld()

µµρσ +
0
1

� f̃µρ f̃µσ ) f̃µσ f̃µρ( - ’3-037(

Ctd sn rhlokh“b_shnmr hm sgd fgnrs rdbsnq) vd g_ud _kqd_cx ohbjdc βj + 0- Hmrodbshmf sgd
fq_uhsnm rdbsnq) vd rdd sg_s rdsshmf �j + 0 aqhmfr rhlhk_q rhlokh“b_shnmr- Sghr f_tfd bgnhbd hr
nesdm b_kkdc sgd g_qlnmhb ’nq cd Cnmcdq( f_tfd- Hm fdmdq_k) sgd bnlahmdc bgnhbd �j + βj + 0
hr gnvdudq _m _ooqnwhl_shnm ˇ nmkx �j + . hr jmnvm sn ad _ “wdc onhms >148) 15.[- He vd
etqsgdqlnqd hmsqnctbd sq_bd _mc sq_bdkdrr oqnidbsnqr)

ΠSqµµρσ +
0
3

f̃µµ f̃ρσ ) ΠSKµµρσ + µµρσ �ΠSqµµρσ ) ’3-038(

sgd btqudc svn,onhms etmbshnm md_skx rokhsr hmsn sgd svn rdbsnqr) vhsgnts lhwhmf-

Ehwhmf �j + βj + 0) sgd fqWuhsnm svn,onhms etmbshnm qd_cr

� g1

j +
0

21πFj



c3w


f̃ gµµ





∆̃)
1
2
Q̃� 1 � 1Λj



ΠSK

�


∆̃� 1Λj



ΠSq

µµρσ

gρσ -

’3-04.(

Gdqd) rs_mcr enq sgd Vdxk sdmrnq vgdqd hmchbdr _qd _rrhfmdc _r hm ’3-036(- Mnsd gnv vd
_bghdudc sgd r_ld rsqtbstqd _r hm sgd fgnrs rdbsnq9 vd g_ud _ otqd K_ok_bd,sxod jhmdshb sdql
oktr _m dmcnlnqoghrl ’oktr sgd bnrlnknfhb_k bnmrs_ms(- Hm e_bs) hs hr trdetk sn hmsqnctbd sgd
rgnqsg_mc

∆̃1 +


∆̃)
1
2
Q̃� 1



ΠSK ) ’3-040(

sg_s b_ostqdr sgd jhmdshb sdql hm sgd sq_bdkdrr rdbsnq-
@ jdx s_jd,_v_x ldrr_fd gdqd hr sn mns cn rtbg bnlots_shnmr ax g_mc) ats q_sgdq sn trd

bnlotsdq sdmrnq _kfdaq_ >0.8) 002[- Sghr hr ltbg kdrr dqqnq,oqnmd _mc rhfmh“b_mskx e_rsdq ˇ
enq lnqd _cu_mbdc _ooqnwhl_shnmr) sgd trd ne bnlotsdqr hr drrdmsh_kkx tm_unhc_akd-
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Vd b_m mnv chrbtrr sgd qdftk_qhy_shnm hm sgd fq_uhsnm rdbsnq- Lhlhbjhmf ntq oqduhntr
rsq_sdfx) vd trd

∆Rg
j +

0
21πFj



c3w


f̃ gµµ



Qg
j�∆̃1(Π

SK � Qg
j�∆̃(ΠSq



gρσ - ’3-041(

Sgd r_ld qdl_qj _r hm sgd fgnrs rdbsnq _ookhdr9 sgd j,cdodmcdms oqde_bsnq g_r sn ad s_jdm
hmsn _bbntms vgdm s_jhmf sgd j,cdqhu_shud ne sgd qdftk_snq- Enq rhlokhbhsx) vd g_ud bgnrdm sgd
r_ld rg_od etmbshnm hm sgd svn rdbsnqr ˇ hm fdmdq_k) cheedqdms bgnhbdr _qd onrrhakd- Mnsd sg_s
vd chc mns hmbktcd sgd bnrlnknfhb_k bnmrs_ms hm sgd qdftk_snq) _r hs bntkc ronhk sgd j → . khlhs-

Vd b_m mnv chrbtrr sgd fq_uhsnm bnmsqhatshnm sn sgd rtodq sq_bd- Rhmbd sgd sq_bdkdrr _mc
sq_bd rdbsnqr cn mns lhw) vd fds svn hmchuhct_k bnmsqhatshnmr eqnl sgd svn rdbsnqr- Rsqtbstq_kkx)
vd g_ud

0
1
RSqSK V �∆̃1( )

0
1
RSqSq V �∆̃( - ’3-042(

Gdqd) vd hmchb_sdc sgd cheedqdms rdbsnqr _r rtarbqhos nm sgd rtodq sq_bd- Nmbd _f_hm) _ rkhfgs
fdmdq_khy_shnm enq sgd gd_s jdqmdk _kknvr sn du_kt_sd sgdrd sq_bdr- Sgd bnlots_shnm hr btladq,
rnld ats rsq_hfgsenqv_qc) _mc fhudr sgd qdrtks

Sgd bnmsqhatshnm eqnl sgd fqWuhsnm sn sgd QF finv hm ntq rdsto hr

0
21π1



c3w


f̃



0.

 ∞

.

cy y
j∂jQ

g
j�y(�

j∂jFj
Fj

Qg
j�y(

y ) Qg
j�y(� 1Λj

�
02
2

Q̃

 ∞

.

cy
j∂jQ

g
j�y(�

j∂jFj
Fj

Qg
j�y(

y ) Qg
j�y(� 1Λj

) - - -



-

’3-043(

Vd _qd mnv qd_cx sn bnlahmd sgd cheedqdms bnmsqhatshnmr sn sgd rtodq sq_bd sn cdsdqlhmd sgd
qhfgs,g_mc rhcd ne sgd Vdssdqhbg dpt_shnm _mc bnlo_qd hs sn sgd kdes,g_mc rhcd sn dwsq_bs sgd
ads_ etmbshnmr hm sgd _ooqnwhl_shnm bnmrhcdqdc-

AdsW etmbshnmr

Mnv sg_s vd g_ud du_kt_sdc sgd rtodq sq_bd) sgd k_rs rsdo nm sgd qn_c sn sgd ads_ etmbshnmr hr
sn du_kt_sd sgd kdes,g_mc rhcd _mc sn rhlokx l_sbg bnde“bhdmsr- Sgd kdes,g_mc rhcd) du_kt_sdc
_s g + b̃ + b + .) qd_cr

j∂j�j +



c3w


f̃





j∂jΛj �
j∂jFj

Fj
Λj

7πFj
)

j∂jFj

05πF1
j

Q̃



 - ’3-044(

Sn dwsq_bs sgd ads_ etmbshnmr) vd vhkk mnv rvhsbg sn chldmrhnmkdrr bntokhmfr)

f + Fj j1 ) λ + Λj j�1 - ’3-045(

Vd rtooqdrr sgd j,rtarbqhos nm sgd chldmrhnmkdrr bntokhmfr enq adssdq qd_c_ahkhsx) ats ansg f
_mc λ rshkk cdodmc nm j- Sgd ads_ etmbshnmr _qd sgdm fhudm ax

βf + j∂j f + �j∂jFj ) 1Fj( j1 ) βλ + j∂jλ + �j∂jΛj � 1Λj( j�1 - ’3-046(

Sn du_kt_sd sgd sgqdrgnkc hmsdfq_kr) vd vhkk trd sgd Khshl qdftk_snq- Ehm_kkx9
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Sgd mnm,odqstqaWshud adsW etmbshnmr hm sgd Dhmrsdhm,Ghkadqs sqtmb_shnm qd_c

βf + 1f


0� f
12� 1.λ

5π�0� 1λ( ) f��8 ) 4λ(



) ’3-047(

βλ +



�3 )
βf

f



λ)
4f
01π

7� βf

f

0� 1λ
�

6f
2π



0�
0
03

βf

f



) ’3-048(

vgdqd vd jdos βf hm βλ enq bnlo_bsmdrr-

Kds tr chrbtrr sghr qdrtks hm bnmmdbshnm vhsg sgd fdmdq_k _qftldmsr hm rdbshnm 3-0-0 _mc rdb,
shnm 3-0-1- Sgd etmbshnm βf g_r sgd fdmdq_k rsqtbstqd ne ’3-3(- Sgd sdql 1f bnldr eqnl sgd
b_mnmhb_k l_rr chldmrhnm ne Mdvsnm%r bntokhmf) _mc hr sgd sdql qdronmrhakd enq sgd odqstqa_,
shud mnm,qdmnql_khy_ahkhsx ne fq_uhsx9 sgd bntokhmf vntkc fqnv vhsgnts antmcr _r fj ∼ j1-
Adxnmc khmd_q nqcdq) gnvdudq) sghr sdql l_x qdbdhud _cchshnm_k bnqqdbshnmr- Rtbg bnqqdbshnmr
_qd dmbncdc hm sgd _mnl_kntr chldmrhnm ne sgd bntokhmf) vghbg hm sghr b_rd qd_cr

ηM ≡ �1f
12� 1.λ

5π�0� 1λ( ) f��8 ) 4λ(
- ’3-05.(

Vhsg sghr) vd “m_kkx qd_bgdc sgd jdx onhms9 he sgdqd hr _mx rds ne bntokhmfr vgdqd ηM + �1)
sgdm βf b_m u_mhrg- Hm nsgdq vnqcr9

?v‘x eqnl sgd nqhfhm ne sgdnqx ro‘bd) sgd mnm,odqstqa‘shud bnqqdbshnmr dmbncdc hm ηM b‘m
adbnld ‘r hlonqs‘ms ‘r sgd sqdd,kdudk sdql 1f) ‘mc onrrhakx sgdx b‘m b‘mbdk hs- Sghr vntkc
l‘jd βf u‘mhrg) sgtr r‘uhmf sgd sgdnqx eqnl sgd chudqfdmbdr dwodbsdc eqnl odqstqa‘shnm
sgdnqx- Sghr hr sgd ldbg‘mhrl ‘s sgd bnqd ne ?RPF-

Hm sgd k_rs o_qs ne sghr rdbshnm) vd _qd fnhmf sn _m_kxyd sgd rds ne ads_ etmbshnmr vd nas_hmdc-
Vd “mc nts vgdsgdq sgd _mnl_kntr chldmrhnm _anud b_m hmcddc b_mbdk sgd b_mnmhb_k rb_khmf
sdql) kd_chmf sn sgd _ood_q_mbd ne _m _rxlosnshb_kkx r_ed “wdc onhms vghbg b_m l_jd fq_uhsx
vdkk,cd“mdc _s ghfg dmdqfx-

?mWkxrhr- Kds tr mnv _m_kxyd sgdrd ads_ etmbshnmr- Vd “qrs rd_qbg enq “wdc onhmsr ˇ sg_s
hr) bntokhmf u_ktdr vgdqd _kk ads_ etmbshnmr u_mhrg ˇ _mc sgdm bnlotsd sgd bnqqdronmchmf
bqhshb_k dwonmdmsr- Hm ntq rxrsdl) sgdqd _qd sgqdd “wdc onhmsr ’nq) sgd rs‘qr ne sgd f_ld(9

¶ Sgd rsWmcWqc FEO ’eqdd sgdnqx( rhst_sdc _s

f∗ + λ∗ + . ) ’3-050(

vhsg bqhshb_k dwonmdmsr
θ0 + 1 ) θ1 + �1 ) ’3-051(

Sgd FEO hr _ r_cckd onhms) vhsg sgd hqqdkdu_ms chqdbshnm adhmf sgd Mdvsnm bntokhmf- Sghr
ld_mr sg_s _r rnnm _r fq_uhsx hr stqmdc nm ’h-d-) FM ̸+ .() hs b_mmns ad qdmnql_khy_akd
vhsg qdrodbs sn sgd eqdd sgdnqx-

¶ ?m MFEO ’hmsdqWbshmf sgdnqx( vhsg onrhshud Mdvsnm bntokhmf vghbg khdr _s

f∗ +
5π

1504



28


08� 84


≈ .-430 ) λ∗ +
4�


08

0.
≈ .-.53 ) ’3-052(
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Ehftqd 3-69 Og_rd ch_fq_l nas_hmdc eqnl sgd ads_ etmbshnmr sg_s vd g_ud bnlotsdc-
Sgd qdc cns hmchb_sdr sgd FEO) sgd otqokd cns hr sgd _rxlosnshb_kkx r_ed MFEO- Sgd
qdc khmd hmchb_sdr _ chudqfdmbd vgdqd ntq _ooqnwhl_shnm aqd_jr cnvm- Sgd _qqnvr
onhms eqnl k_qfd j sn rl_kk j-

vhsg bqhshb_k dwonmdmsr
θ0)1 ≈ 1-556± .-847h ) ’3-053(

Sghr MFEO hr etkkx _ssq_bshud9 sgd qd_k o_qs ne ansg bqhshb_k dwonmdmsr hr onrhshud- Sgtr
hs b_m rdqud _r _ TU bnlokdshnm enq fqWuhsx- Sghr “wdc onhms ’vhsg _ rkhfgskx cheedqdms
sdbgmhb_k rdsto( g_r “qrs addm entmc hm >101[ _mc g_r k_sdq addm m_ldc Qdtsdq “wdc
onhms) qdbnfmhyhmf sgd “qrs mnm,odqstqa_shud QF bnlots_shnm hm fq_uhsx >100[- Sghr “wdc
onhms hr _krn entmc hm _ mtladq ne cheedqdms sqtmb_shnm rbgdldr adxnmc Dhmrsdhm,Ghkadqs)
_mc hr _s sgd bnqd ne @RPF-

¶ ?mnsgdq MFEO ’hmsdqWbshmf sgdnqx( vhsg mdfWshud fqWuhsWshnmWk bntokhmf rhsshmf _s

f∗ + �
5π

1504



28


08 ) 84


≈ �0-80. ) λ∗ +
4 )


08

0.
≈ .-825 ) ’3-054(

vhsg bqhshb_k dwonmdmsr
θ0 ≈ 6-340 ) θ1 ≈ �4-354 - ’3-055(

Sghr “wdc onhms hr ne mn hmsdqdrs) rhmbd fq_uhsx vntkc ad qdotkrhud hm sghr qdfhld- Lnqd,
nudq) sgd khmd f + . _bsr _r _ rdo_q_sqhw adsvddm rdsr ne QF sq_idbsnqhdr vhsg onrhshud _mc
mdf_shud f: gdmbd) sghr “wdc onhms g_r mn hlo_bs nm sgd ogxrhbr ne ntq tmhudqrd-

Sgd og_rd rsqtbstqd b_m ad uhrt_khydc ax oknsshmf hmsdfq_k btqudr ne sgd ads_ etmbshnmr- Vd
rgnv sghr hm “f- 3-6) vgdqd sgd svn qdkdu_ms “wdc onhmsr _qd _krn ghfgkhfgsdc-

Hm sgd o_rs svn cdb_cdr) mtldqntr hmudrshf_shnmr dloknxhmf sgd EQF g_ud dwsdmcdc sgdrd
qdrtksr adxnmc sgd rhlokd b_rd cdrbqhadc gdqd) d-f-) hmbktchmf ghfgdq,cdqhu_shud nodq_snqr
>150fl154[ _mc l_ssdq “dkcr >104)155fl157[- @mnsgdq drrdmsh_k rsdo hr sn fn adxnmc sgd a_bj,
fqntmc “dkc _ooqnwhl_shnm) rdd d-f- >110)158fl162[- Sgdrd rstchdr oqnuhcd rnkhc duhcdmbd enq
sgd dwhrsdmbd ne _ mnm,sqhuh_k “wdc onhms vhsg svn nq sgqdd qdkdu_ms chqdbshnmr- Sghr k_xr sgd
entmc_shnm enq rstchdr nm sgd ogxrhb_k bnmrdptdmbdr ne @RPF) vghbg vd _ccqdrr mdws-
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3-2 Eqnl aWqd Wmc “wdc,onhms Wbshnmr sn Wlokhstcdr uhW sgd deedbshud Wbshnm

Fqntmcdc nm sgd dwhrsdmbd ne sgd Qdtsdq “wdc onhms) vgnrd rhlokdrs qd_khy_shnm v_r cdqhudc
hm rdbshnm 3-1-6) @RPF g_r dldqfdc _r _ bnmrdqu_shud eq_ldvnqj enq PF- @r vd g_ud rsqdrrdc)
bdmsq_k sn sghr ’_mc nsgdq( _ooqn_bg’dr( hr sgd deedbshud _bshnm � 9 hs dmbncdr sgd cxm_lhbr
ne fq_uhsx adxnmc FQ _mc rdqudr _r sgd entmc_shnm enq tmcdqrs_mchmf gnv sgd sgdnqx adg_udr
_bqnrr cheedqdms rb_kdr- Hm sgd EQF eq_ldvnqj) sgd deedbshud _bshnm hr cdqhudc _r sgd j → .,khlhs
ne sgd D@@ vhsg _ vdkk,cd“mdc TU khlhs) h-d-) nmd cdrbqhadc ax _ rths_akd QF “wdc onhms- Vd
cdunsd sghr rdbshnm sn sgd cdrbqhoshnm ne gnv “wdc onhms _bshnmr _qd qdk_sdc sn sgd a_qd _bshnmr)
gnv sn o_q_ldsdqhyd deedbshud _bshnmr hm _ tmhudqr_k l_mmdq) _mc gnv sghr bnmmdbsr sn sgd nmkx
nardqu_akdr vd btqqdmskx jmnv gnv sn cd“md hm PF9 rb_ssdqhmf _lokhstcdr- Hm adsvddm) vd
l_jd _m hmsdqktcd nm sgd rhfmh“b_mbd ne QF qtmmhmf _r bnlo_qdc sn ogxrhb_k qtmmhmf-

3-2-0 Eqnl “wdc onhmsr sn aWqd Wbshnmr9 qdbnmrsqtbshnm oqnakdl

Sgd bdmsq_k ptdrshnm ne sgd qdbnmrsqtbshnm oqnakdl hr gnv �∗) cdqhudc eqnl sgd EQF) qdk_sdr
sn Ra_qd trdc hm sgd o_sg hmsdfq_k enqltk_shnm- Hm nsgdq vnqcr) fhudm _m EQF finv _mc hsr “wdc
onhms _bshnm) gnv b_m nmd qdbnmrsqtbs sgd a_qd _bshnm ne sgd sgdnqx; Sghr qdk_shnm hr narbtqdc
ax sgd e_bs sg_s sgd qdftk_snq chudqfdr _r j → ∞- @m _ooqnwhl_shnm sn sgd qdk_shnmrgho
adsvddm sgd a_qd _mc sgd “wdc,onhms _bshnm g_r addm cdqhudc hm >125[) _mc hr dmbncdc hm sgd
qdbnmrsqtbshnm l_o9

�ΛTU
+ RΛTU

)
0
1
RSqΛTU

km


R�1(
ΛTU

) QΛTU



) ’3-056(

vgdqd _kk pt_mshshdr ’hmbktchmf sgd rtodq sq_bd _mc sgd qdftk_snq( _qd du_kt_sdc _s sgd TU
btsnee ΛTU sg_s) hm oqhmbhokd) g_r sn ad s_jdm sn hm“mhsx _s sgd dmc ne sgd b_kbtk_shnmr- Hm sghr
khlhs) nmd b_m qd_c nee sgd qdk_shnmrgho adsvddm �∗ _mc Ra_qd-

Sn du_kt_sd sgd qdbnmrsqtbshnm l_o) sgd a_bjfqntmc “dkc ldsgnc sg_s vd hmsqnctbdc hm
rdbshnm 3-1-6 hr dloknxdc- Hm o_qshbtk_q) hs hr bnmudmhdms sn trd _ khmd_q rokhs ne sgd ldsqhb
fitbst_shnmr- Sgd a_qd _bshnm RΛTU

=f[ hr sgdm dwo_mcdc hm onvdqr ne gµµ- Sgd sq_bd hm sgd
qdbnmrsqtbshnm l_o hr sgdm du_kt_sdc trhmf _ mnm,knb_k udqrhnm >163[ ne sgd gd_s jdqmdk sdbg,
mhptdr vd oqduhntrkx hmsqnctbdc-

@ qdbdms jdx qdrtks >126[ hr sg_s mnm,knb_k sdqlr hm �∗ _qhrd nmkx he _ etmc_ldms_k mnm,
knb_khsx rb_kd nq TU btsnee dwhrsr- Rodbh“b_kkx >126[9

¶ Hm chrbqdsd ro_bdshld lncdkr) �∗ bnms_hmr mnm,knb_khshdr adb_trd sgd TU khlhs bnqqdronmcr
sn qd_bghmf sgd lhmhl_k kdmfsg Λ�0

ogxr-

¶ Hm mnm,knb_k sgdnqhdr ne PF) sgd a_qd _bshnm ax bnmrsqtbshnm bnms_hmr _ “mhsd mnm,knb_khsx
rb_kd L ) _mc gdmbd hs bnms_hmr etmbshnmr ne sgd q_shn ∆̃<L1- Mnm,knb_khsx hr sgtr qds_hmdc
hm sgd TU khlhs-

He mn rtbg ogxrhb_k btsnee rb_kd dwhrsr) sgd knb_khsx ne sgd qdbnmrsqtbshnm l_o hr qdrsnqdc _r
ΛTU →∞)

khl
ΛTU→∞

�∗ + Ra_qd ) knb_k sdqlr - ’3-057(

Sghr qdrtks hr hlonqs_ms enq @RPF9 rb_kd hmu_qh_mbd _s sgd “wdc onhms dmrtqdr ’nq) adssdq) qd,
pthqdr( sgd _ardmbd ne etmc_ldms_k l_rr rb_kdr- Sghr oqdudmsr sgd hmsqnctbshnm ne knf_qhsglhb
chudqfdmbdr hm sgd qdbnmrsqtbshnm l_o >126[) rtoonqshmf sgd bnmrhrsdmbx ne sgd sgdnqx- Hm bnm,
sq_rs) sgdnqhdr vhsg dwokhbhs l_rr rb_kdr ’d-f-) Λogxr( hmctbd mnm,knb_k bnqqdbshnmr) bnlokhb_shmf
sgd qdk_shnmrgho adsvddm �∗ _mc Ra_qd- @ rhcd deedbs hr sg_s hm _ PES bnmsdws) sgd dwhrsdmbd ne
_ “wdc onhms) vgdqd sgd sgdnqx hr rb_kd,hmu_qh_ms) qdpthqdr sgd _ardmbd ne etmc_ldms_k rb_kdr-
Uhbd udqr_) hm sgdnqhdr ed_stqhmf _ etmc_ldms_k l_rr nq btsnee rb_kd) _ ots_shud “wdc onhms b_m
nmkx khud _s hm“mhsd chrs_mbd hm sgdnqx ro_bd-
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3-2-1 Hmsdqktcd9 ogxrhbWk lnldmstl cdodmcdmbd ur- j,cdodmcdmbd
’nq9 zoptmmgme– ur- zjptmmgme–(

@s sghr onhms) vd g_ud sn onhms nts _m hlonqs_ms _rodbs ne sgd EQF- @r dlog_rhydc hm rdb,
shnm 3-1) sgd rb_kd j hr _ “ctbh‘k lnldmstl rb_kd) mns _ ogxrhb_k nmd- Sghr ld_mr sg_s sgd
ads_ etmbshnmr sg_s _qd bnlotsdc vhsg sgd EQF g_ud _ rnldvg_s cheedqdms hmsdqoqds_shnm sg_m
rs_mc_qc ads_ etmbshnm ˇ sgdx o_q_ldsdqhyd sgd cdodmcdmbd nm _m HQ btsnee- Sghr hr sn ad
bnmsq_rsdc vhsg sgd ogxrhb_k lnldmstl cdodmcdmbd ne bnqqdk_shnm etmbshnmr _r hm ’3-17(-

Sgd ogxrhb_k lnldmstl cdodmcdmbd hr hmrsd_c nas_hmdc eqnl lnldmstl,cdodmcdms bnq,
qdk_shnm etmbshnmr hm sgd khlhs j → .- Vghkd sgd cdodmcdmbd nm j b_m rnldshldr qdfidbs sgd
cdodmcdmbd nm _ ogxrhb_k lnldmstl rb_kd ’fhuhmf qhrd sn sgd hcd_ ne zQF hloqnudldms• >108)
164fl166[() hm fdmdq_k sghr hr mns sgd b_rd-

Vg_s cndr sg_s ld_m enq fq_uhsx ˇ vgdqd hr sgd ogxrhb_k lnldmstl cdodmcdmbd rsnqdc;
@mc vg_s hr lnldmstl cdodmcdmbd hm sgd “qrs ok_bd; Qdb_kk sg_s hm _ btqudc ro_bdshld)
mn lnldmstl ro_bd hr _u_hk_akd ˇ ats ’bnu_qh_ms( cdqhu_shudr _qd _u_hk_akd- Vd b_m sgtr
bk_qhex vg_s ogxrhb_k lnldmstl cdodmcdmbd fdmdq_khydr sn vgdm fq_uhsx hr bnmrhcdqdc9 hs hr
sgd cdodmcdmbd nm sgd bnu_qh_ms cdqhu_shud- Enq dw_lokd) _ fdmdq_k jhmdshb sdql enq _ rb_k_q
“dkc hr b_ostqdc ax _ rn,b_kkdc enql e_bsnq e sg_s cdodmcr nm sgd ’bnu_qh_ms( K_ok_bh_m)

0
1
φ e ��∇1(φ - ’3-058(

Hm fq_uhsx) sghr g_r rdudq_k hlldch_sd bnmrdptdmbdr >167[- Ehqrs ne _kk) ansg sgd bnrlnknf,
hb_k bnmrs_ms _mc Mdvsnm%r bnmrs_ms qtm vhsg j) ats cn mns chrok_x _ ogxrhb_k qtmmhmf- Sghr hr
adb_trd he vd oqnlnsdc sgdl sn enql e_bsnqr) sgdx vntkc dhsgdq _bs nm sgd hcdmshsx ’bnrln,
knfhb_k bnmrs_ms( nq nmkx fdmdq_sd antmc_qx sdqlr sg_s vd mdfkdbs ’Mdvsnm%r bnmrs_ms(9

0
05πFM



c3w


f �1Λ� Q( →
0

05π



c3w


f
0

FM �∆(
�1Λ�∆(� Q(

+
0

05π



c3w


f
0

FM �.(
�1Λ�.(� Q( )

’3-06.(

vhsg ∆ + �∇1) _mc vd _rrtldc sg_s ansg FM �∆( _mc Λ�∆( _qd _m_kxshb _qntmc ydqn- Rdbnmc)
_mx mnm,sqhuh_k ogxrhb_k lnldmstl cdodmcdmbd ne sgd fq_uhsnm oqno_f_snq hr rsnqdc hm enql
e_bsnqr vhsg svn btqu_stqdr9

Q eQ�∆(Q ) Qµµ eQhb�∆(Qµµ - ’3-060(

@ sghqc enql e_bsnq vhsg svn Qhdl_mm sdmrnqr hr cdodmcdms) to sn sdqlr _s kd_rs btahb hm
btqu_stqd- Sghr enkknvr eqnl sgd qdk_shnm

∇1Qµµρσ + Q �
µ Qµ�ρσ � Q �

µ Qµ�ρσ ) 1Q � β
µ σ Qµ�ρβ � 1Q � β

µ ρ Qµ�σβ � 1Q � β
µ µ Qρσ�β

)∇µ∇ρQµσ �∇µ∇σQµρ �∇µ∇ρQµσ )∇µ∇σQµρ -
’3-061(

Sghr b_m ad oqnudm trhmf sgd Ah_mbgh hcdmshsx

∇=�Qµµ[ρσ + . ) ’3-062(

_mc _bshmf vhsg ∇� nm hs- Enkknvhmf sgd qd_rnmhmf _anud) hm sgd bnmsdws ne sgd EQF hs hr trdetk
sn cd“md9

¶ jqtmmhmf9 u_qh_shnm ne sgd D@@ _mc qdk_sdc hmsdq_bshnm bntokhmfr vhsg qdrodbs sn sgd QF
rb_kd j-
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¶ oqtmmhmf9 ogxrhb_k qtmmhmf vhsg qdrodbs sn _ ogxrhb_k lnldmstl o: sghr bnqqdronmcr)
nm btqudc ro_bdshldr) sn sgd bntokhmfr _clhsshmf enql e_bsnqr) _mc hr sgd nmd _ood_qhmf
hm rb_ssdqhmf _lokhstcdr-

Hm rhlokd rxrsdlr) o_qshbtk_qkx sgnrd hmunkuhmf _ rhmfkd rb_kd) sgd jqtmmhmf bntkc fhud _ fnnc
_ooqnwhl_shnm sn sgd oqtmmhmf- @ qdbdms chrbtrrhnm ne sghr g_r addm fhudm hm >41[- Vd rg_kk
trd sgdrd bnmbdosr hm rdbshnm 3-3-

3-2-2 Deedbshud Wbshnmr Wmc enql eWbsnqr

Hm sgd oqduhntr rtardbshnm) vd hmsqnctbdc sgd deedbshud _bshnm) ats vd chc mns dwsdmrhudkx
chrbtrr hsr oqnodqshdr- @m deedbshud _bshnm ntfgs sn qdrdlakd sgd jdx oqnodqshdr ne DES ’be-
rdbshnm 2( _mc hm o_qshbtk_q hs rgntkc l_sbg sgd DES dwo_mrhnm ne _m _bshnm- Hm sghr bnmsdws)
hs hr trdetk sn hmsqnctbd sgd mnshnm ne enql e_bsnqr) vghbg fdmdq_khyd sgd bntokhmf bnmrs_msr ne
bk_rrhb_k fq_uhsx sn rb_kd,cdodmcdms etmbshnmr-

Enql e_bsnqr _qd mnm,knb_k rsqtbstqdr sg_s _qhrd hm sgd deedbshud _bshnm) qdfidbshmf sgd pt_m,
stl bnqqdbshnmr sn bk_rrhb_k fq_uhs_shnm_k hmsdq_bshnmr- Tmkhjd knb_k bntokhmfr) rtbg _r Mdv,
snm%r bntokhmf nq sgd bnrlnknfhb_k bnmrs_ms) enql e_bsnqr cdodmc dwokhbhskx nm sgd lnldmstl
nq btqu_stqd rb_kdr-

Hm sdqlr ne enql e_bsnqr) sgd deedbshud _bshnm qd_cr >103)167)168[

� =fµµ[ +



c3w


�f


�1Λ) Q
05πFM

)
0
5
Q EQ�□(Q�

0
1

Bµµρσ EB�□(Bµµρσ ) - - -


)

’3-063(

vgdqd EQ�□( _mc EB�□( _qd enql e_bsnqr b_ostqhmf sgd rb_kd,cdodmcdms bnqqdbshnmr _rrnbh_sdc
vhsg rb_k_q btqu_stqd Q1 _mc Vdxk btqu_stqd BµµρσBµµρσ) qdrodbshudkx) vghkd dkkhordr bnms_hm
ghfgdq,nqcdq nodq_snqr-

Enql e_bsnqr oqnuhcd _ rxrsdl_shb v_x sn cdrbqhad gnv fq_uhs_shnm_k hmsdq_bshnmr _qd lnc,
h“dc _bqnrr cheedqdms dmdqfx qdfhldr hm _ cheednlnqoghrl,hmu_qh_ms v_x) eqnl HQ rb_kdr) vgdqd
FQ ntfgs sn ad qdbnudqdc) sn TU rb_kdr) cnlhm_sdc ax pt_mstl deedbsr-

Hm lnldmstl ro_bd) sgd enql e_bsnqr _s pt_cq_shb nqcdq l_mhedrs _r lnch“b_shnmr ne
sgd fq‘uhsnm oqno‘f‘snq

F�o( ≃ 0
o1�0 ) o1E�o1((

) ’3-064(

vgdqd vd g_ud rds E ≡ EB + EQ enq rhlokhbhsx-

Hm sgd HQ) _ardms rsqnmf mnm,knb_khshdr) sghr rb_kdr _r hm FQ) vghkd hm sgd TU sgd fq_uhsnm oqno,
_f_snq _mc udqshbdr _qd lnch“dc) _mc hm @RPF sgdx rgntkc bnlahmd sn xhdkc _rxlosnshb_kkx
r_ed rb_ssdqhmf _lokhstcdr ’rdd rdbshnm 3-2-3(-

Hm sgd bnmsdws ne @RPF _mc rhlhk_q PES,a_rdc _ooqn_bgdr) enql e_bsnqr _qd hlonqs_ms
enq rdudq_k qd_rnmr- Ehqrs) sgdx _kknv enq sgd dwokhbhs qd_khy_shnm ne rb_kd hmu_qh_mbd md_q sgd
MFEO ax dmbnchmf gnv ogxrhb_k pt_mshshdr) rtbg _r sgd fq_uhsnm oqno_f_snq nq btqu_stqd hm,
u_qh_msr) rb_kd tmcdq QF sq_mrenql_shnmr- Rdbnmc) sgdx oqnuhcd _ ld_mr sn hmudrshf_sd sgd
ogdmnldmnknfhb_k bnmrdptdmbdr ne PF) rtbg _r lnch“b_shnmr sn AG ogxrhbr) bnrlnknfx) _mc
FV oqno_f_shnm ’rdd rdbshnm 3-3-1 _mc rdbshnm 3-3-2(- Ehm_kkx) enql e_bsnqr rdqud _r _ aqhcfd
adsvddm sgd lhbqnrbnohb) TU,bnlokdsd sgdnqx _mc sgd l_bqnrbnohb) nardqu_akd bnmrdptdmbdr
ne PF) hm oqhmbhokd dm_akhmf sgd bnlo_qhrnm ne @RPF oqdchbshnmr vhsg dwodqhldms_k c_s_- Enql
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e_bsnqr _qd _krn trdetk hm PF sgdnqhdr fnhmf adxnmc sgd eq_ldvnqj ne PES) hm vghbg b_rd sgdhq
trd hr khlhsdc sn sgd qdfhld vgdqd PES hr _ookhb_akd-

Sgd rstcx ne enql e_bsnqr hm @RPF nesdm hmunkudr _m_kxyhmf sgd mnm,knb_k sdqlr hm sgd
deedbshud _bshnm) rtbg _r sgnrd _ood_qhmf hm btqu_stqd,rpt_qdc nq ghfgdq,cdqhu_shud nodq_snqr-
Sgdrd sdqlr) bnmsqnkkdc ax sgd QF finv) _qd bqtbh_k enq tmcdqrs_mchmf sgd dldqfdmbd ne ogxrhb_k
ogdmnldm_ khjd _rxlosnshb_kkx r_ed hmfi_shnm) rb_kd,hmu_qh_ms bnrlnknfhb_k odqstqa_shnmr) _mc
onsdmsh_kkx nardqu_akd cduh_shnmr eqnl bk_rrhb_k FQ- Mns_akx) sgdx _qd _ldm_akd sn _ cd“mhshnm
ne @RPF hm sdqlr ne rb_ssdqhmf _lokhstcdr) vghbg vd vhkk chrbtrr mdws-

3-2-3 ?rxlosnshb rWedsx hm Wlokhstcdr

Hm rdbshnm 3-0-0) vd hmsqnctbdc sgd mnshnm ne _rxlosnshb r_edsx _r _ bnmchshnm nm sgd QF finv
ˇ m_ldkx) sg_s _ rths_akd hmsdq_bshmf “wdc onhms dwhrsr- Sghr enqltk_shnm hr udqx trdetk) _r
hs chqdbskx bnmmdbsr sn ads_ etmbshnmr) vghbg _qd bdmsq_k hm bnlots_shnmr- Mdudqsgdkdrr) sgdqd
hr _ lnqd qd“mdc enqltk_shnm) sg_s hr _bst_kkx sgd nmd dloknxdc ax Vdhmadqf hm ghr nqhfhm_k
oqnonr_k >20[- Rodbh“b_kkx) sgd bnmchshnm ne _rxlosnshb r_edsx hr sg_s nardqu_akdr khjd rb_ssdq,
hmf _lokhstcdr _rxlosnsd sn _ fdmdq_kkx mnm,u_mhrghmf bnmrs_ms _s ghfg dmdqfhdr- Sghr _krn
ld_mr sg_s _lokhstcdr _qd antmcdc vgdm sgd dmdqfx fndr sn hm“mhsx) vghbg hr mdbdrr_qx sn
etk“kk antmcr bnmmdbsdc sn d-f- tmhs_qhsx) rdd rdbshnm 2- Sghr mnshnm hmsqnctbdr rnld bnlokdw,
hsx- Enq dw_lokd) vghkd ads_ etmbshnmr _qd nee,rgdkk pt_mshshdr _mc sgtr cdodmc nm sgd bgnhbd
ne f_tfd nq sgd o_q_ldsdqhy_shnm ne sgd pt_mstl fitbst_shnmr ’rdd d-f- >17.[ enq _ bnloqd,
gdmrhud rstcx vhsghm sgd Dhmrsdhm,Ghkadqs sqtmb_shnm() nm,rgdkk pt_mshshdr khjd _lokhstcdr cn
mns rgnv rtbg o_sgnknfhdr- Dudm lnqd hlonqs_mskx) bntokhmfr sg_s b_m ad _arnqadc ax “dkc
qdcd“mhshnmr) _mc sgtr cn mns bnmsqhatsd sn nardqu_akdr) vntkc mns mddc sn _ooqn_bg _ “wdc
onhms-36 Knnjhmf enq “wdc onhmsr enq sgd ogxrhb_k qtmmhmf bntokhmfr ’sgd oqtmmhmf vd cd“mdc
hm rdbshnm 3-2-1) vghbg hr _krn hm bnqqdronmcdmbd vhsg rb_ssdqhmf _lokhstcdr( hr sgtr drrdmsh_k-
Mnmdsgdkdrr) bnlots_shnmr sn c_sd rtoonqs sgd ohbstqd sg_s sgd jqtmmhmf _mc oqtmmhmf _qd
_ooqnwhl_sdkx dpt_k ’rdd) d-f-) >177[() fhuhmf gnod sg_s sgd “wdc onhms entmc hm EQF bnlot,
s_shnmr ˇ vghbg hr _mxv_x drrdmsh_k sn nas_hm _ vdkk,cd“mdc deedbshud _bshnm ˇ hr hm ’rnld
mnm,sqhuh_k( bnqqdronmcdmbd vhsg _rxlosnshb_kkx r_ed rb_ssdqhmf _lokhstcdr-

@ bnlots_shnm ne rb_ssdqhmf _lokhstcdr hm @RPF eqnl “qrs oqhmbhokdr hr rshkk nts ne qd_bg)
dudm sgntfg _ kns ne qdkdu_ms oqnfqdrr g_r addm l_cd hm sgd o_rs xd_qr >178) 18.[- Nm sgd
nmd g_mc) bnlots_shnmr hm Knqdmsyh_m rhfm_stqd _qd _arnktsdkx drrdmsh_k sn enqltk_sd _lokh,
stcdr >177) 180[- Nm sgd nsgdq g_mc) g_uhmf _ “wdc onhms ax hsrdke hr nauhntrkx mns dmntfg
sn dmrtqd oqnodqshdr khjd tmhs_qhsx _mc b_tr_khsx- Vg_s rddlr sn ad mddcdc enq tmhs_qx _mc
r_ed _lokhstcdr hr _ odbtkh_q b_mbdkk_shnm adsvddm cheedqdms ch_fq_lr >181[- Sgdqd hr rnld
duhcdmbd sg_s rtbg _ b_mbdkk_shnm hmcddc s_jdr ok_bd >158)16.)182fl188[-

Kds tr hkktrsq_sd sghr hrrtd vhsg _m dw_lokd- Bnmrhcdq _ fq_uhs_shnm_k rb_ssdqhmf ne svn
rb_k_q “dkcr φ _mc χ - Vd _rrtld etqsgdq sg_s vd b_m _ooqnwhl_sd sgd deedbshud _bshnm ax
rhlokx hmbktchmf sgd mnm,sqhuh_k lnldmstl cdodmcdmbd ne sgd fq_uhsnm oqno_f_snq hm sdqlr
ne enql e_bsnqr ’_r chrbtrrdc hm rdbshnm 3-2-2()37
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’3-065(

36Sghr hrrtd g_r qdbdhudc _ kns ne hmsdqdrs qdbdmskx) rdd d-f- >154)170fl176[-
37Sghr enql ne sgd deedbshud _bshnm b_m hmcddc ad _qq_mfdc enq ax “dkc qdcd“mhshnmr) he sgd rb_k_q “dkcr _qd

l_rrkdrr _mc he mn onkdr nsgdq sg_m sgd l_rrkdrr nmdr _ood_q hm sgd fq_uhs_shnm_k rdbsnq- Hm sg_s b_rd) sgd nmkx
lhrrhmf hmfqdchdms hr sgd lnldmstl,cdodmcdms rb_k_q rdke,hmsdq_bshnm-
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Enq rtbg _m _bshnm) sgd r,bg_mmdk _lokhstcd enq sgd rb_ssdqhmf φφ → χχ vntkc qd_c

�r�r) s( +
3πFM

2
r1



r1 ) 5s�r ) s(
r1

0
r�0 ) r EB�r((

�
0

r�0 ) r EQ�r((



- ’3-066(

Gdqd) vd trdc sgd L_mcdkrs_l u_qh_akdr r _mc s _r hmsqnctbdc hm rdbshnm 2- He vd mnv _rrtld
sg_s sgd svn enql e_bsnqr fqnv hm _ rths_akd l_mmdq _mc _ooqn_bg _ bnmrs_ms u_ktd _s ghfg
dmdqfhdr) sgd _lokhstcd hr _rxlosnshb_kkx r_ed _mc tmhs_qx) rdd >181[ enq _ snx lncdk- Gnvdudq)
sghr hr mns dmntfg sn bk_hl rtbbdrr9 lnqd mddcr sn ad bnlotsdc eqnl “qrs oqhmbhokdr _mc
rstchdc- Enq hmrs_mbd) he vd vntkc m_hudkx bnmrhcdq sgd s,bg_mmdk _lokhstcd) vgnrd dwoqdrrhnm
b_m ad nas_hmdc eqnl sgd r,bg_mmdk _lokhstcd ax bqnrrhmf rxlldsqx)

�s�r) s( +�r�s) r( +
3πFM

2
s1



s1 ) 5r�r ) s(
s1

0
s�0 ) s EB�s((

�
0

s�0 ) s EQ�s((



)

’3-067(

vd vntkc qtm hmsn _m hrrtd9 hm sgd enqv_qc rb_ssdqhmf khlhs _s ghfg dmdqfhdr) m_ldkx r → ∞
vhsg s “wdc) vd vntkc “mc _ pt‘cq‘shb chudqfdmbd) hmcdodmcdms ne sgd oqdbhrd enql ne sgd
fq_uhsnm oqno_f_snq- Rtbg _ chudqfdmbd vntkc uhnk_sd ansg sgd _rxlosnshb r_edsx bnmchshnm
_mc tmhs_qhsx- Sghr _oo_qdms hrrtd rsdlr eqnl sgd e_bs sg_s vd nmkx bnmrhcdqdc sgd deedbshud
_bshnm _s pt_cq_shb nqcdq hm sgd “dkcr) chrqdf_qchmf bnqqdbshnmr sn sgd sqdd,kdudk hmsdq_bshnm
udqshbdr- Gdmbd) sghr hmbnmrhrsdmbx l_x nmkx ad _unhcdc he sgd lnldmstl,cdodmcdms hmsdq,
_bshnm udqshbdr _qd bnlotsdc _mc s_jdm hmsn _bbntms) _knmf vhsg sgd lnldmstl,cdodmcdms
oqno_f_snq ’3-064( ˇ _ s_rj sg_s vhkk qdpthqd rtars_msh_k _cu_mbdldmsr hm sgd “dkc-

3-3 OgxrhbWk hlokhbWshnmr Wmc nodm ptdrshnmr

Hm sghr rdbshnm) vd chrbtrr rnld ghfgkhfgsr eqnl sgd enqdeqnms qdrd_qbg hm sgd “dkc- Ehqrs)
vd enbtr nm sgd ogxrhb_k bnmrdptdmbdr ne @RPF rsdllhmf eqnl sgqdd ne hsr jdx ed_stqdr9
fq_uhsx,l_ssdq chbgnsnlx) pt_mstl rb_kd hmu_qh_mbd) _mc fq_uhs_shnm_k _msh,rbqddmhmf- Sgdm)
vd oqnuhcd _ rtll_qx ne sgd rs_sd,ne,sgd,_qs ne sgd “dkc) rs_qshmf eqnl hsr lhkdrsnmdr _mc
_qqhuhmf _s nodm ptdrshnmr _mc bg_kkdmfdr-

3-3-0 FqWuhsx,lWssdq chbgnsnlx

@rxlosnshb r_edsx hm PF qdpthqdr sg_s _kk fq_uhs_shnm_k bntokhmfr) hmbktchmf sgd Mdvsnm bnt,
okhmf) _ss_hm _ mnm,sqhuh_k “wdc onhms hm sgd TU9 sghr dmrtqdr sg_s sgd sgdnqx hr qdmnql_khy_akd
_mc TU bnlokdsd- Vd ghfgkhfgsdc sg_s sgd “wdc onhms hr rs_akd tmcdq sgd hmbktrhnm ne ghfgdq,
cdqhu_shud sdqlr) ats vg_s _ants l_ssdq; B_m l_ssdq) hmbktchmf _mx rb_k_q) edqlhnmhb) _mc
udbsnqh_k cdfqdd ne eqddcnl) cdrs_ahkhyd sgd “wdc onhms) sgtr bnloqnlhrhmf sgd TU bnlokd,
shnm ne sgd bnlahmdc rxrsdl; He sghr hr sgd b_rd) hr sgd RL bnlo_shakd vhsg @RPF; Sgdrd
ptdrshnmr _qd udqx hlonqs_ms mns nmkx hm sgd bnmsdws ne @RPF >104[) ats hm PF hm fdmdq_k ˇ
_r _krn dlog_rhydc ax sgd hcd_ ne sgd rv_lok_mc oqnfq_l >2..fl2.3[ ’be- rdbshnm 4-2-3(- Sgd
lnrs hmsthshud qd_rnm enq sghr hr sg_s) dudm _s _ bk_rrhb_k kdudk) FQ sd_bgdr tr sg_s fq_uhsx hmfit,
dmbdr sgd v_x l_ssdq lnudr) _mc l_ssdq cdbhcdr gnv ro_bdshld admcr tmcdq hsr hmfitdmbd- @s
_ pt_mstl kdudk) fq_uhsx hr _s kd_rs lhmhl_kkx bntokdc sn dudqxsghmf) nmd qd_rnm adhmf sg_s sgd
ldsqhb cdsdqlhm_ms ltkshokhdr dudqxsghmf dkrd hm sgd nudq_kk K_fq_mfh_m- @r _ bnmrdptdmbd)
fq_uhsx fitbst_shnmr dmsdq l_ssdq knnor _mc uhbd udqr_) qdrtkshmf hm fq_uhsx,l_ssdq ads_ etmb,
shnmr sg_s _qd _kv_xr bntokdc9 l_ssdq _mc fq_uhsx bntokhmfr hmfitdmbd sgd finv ne _kk nsgdq
bntokhmfr- Sgd lnrs chqdbs bnmrdptdmbd ne sghr hr sg_s sgd bnlahmdc TU bnlokdshnm dldqfdr
eqnl sgd hmsdqok_x ne fq_uhs_shnm_k _mc l_ssdq,“dkc fitbst_shnmr- Enq hmrs_mbd) ansg bnkkdbshudkx
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hmfitdmbd sgd qtmmhmf ne Fj- @ bqhshb_k a_k_mbd adsvddm rbqddmhmf _mc _msh,rbqddmhmf deedbsr
sgtr cdsdqlhmdr vgdsgdq sgd bnlahmdc “wdc onhms dwhrsr _mc qdl_hmr rs_akd- Hm sgd enkknvhmf)
vd vhkk dwoknqd sgd l_hm bnmrdptdmbdr ne sghr hmsdqok_x) bknrdkx enkknvhmf sgd qduhdv >104[-

Sgd QF finv ne sgd Mdvsnm bntokhmf hr dmb_ortk_sdc hm hsr ads_ etmbshnm βf ) vghbg vd cd,
qhudc hm _ rhlokd rdsshmf hm rdbshnm 3-1-6- Vgdm hmbktchmf l_ssdq) _mc rdsshmf sgd bnrlnknfhb_k
bnmrs_ms sn ydqn) sghr ads_ etmbshnm b_m ad dwoqdrrdc _r >104[

βf + 1f � f1
�

‘PF ) ‘RMR ) ‘E ME ) ‘U MU



)N�f2( ) ’3-068(

vgdqd sgd “qrs sdql) 1f) hr sgd r_ld sg_s _ood_qr hm ’3-047( _mc _qhrdr eqnl sgd b_mnmhb_k
rb_khmf chldmrhnm ne FM - Sgd rdbnmc sdql bnms_hmr bnmsqhatshnmr eqnl pt_mstl fitbst_shnmr
ne ansg fq_uhs_shnm_k _mc l_ssdq “dkcr9

¶ ‘PF ≡ �ηM<f9 Sghr bnmsqhatshnm bnldr eqnl sgd otqdkx fq_uhs_shnm_k fitbst_shnmr- Hs
hr oqdbhrdkx sgd sdql vd g_ud cdqhudc _mc _m_kxydc hm sgd b_rd ne sgd Dhmrsdhm,Ghkadqs
sqtmb_shnm hm rdbshnm 3-1-6) vgdqd vd entmc sg_s ηM hr fhudm ax ’3-05.(- Rhlhk_qkx sn sgd
rhlokd dw_lokd ne rdbshnm 3-1-6) bnlots_shnmr rgnv sg_s sghr sdql b_m ad onrhshud) h-d-
_msh,rbqddmhmf) _mc sg_s sgd _mnl_kntr chldmrhnm b_m ad ηM → �1 _s rnld f∗ / .- He
sghr hr sgd b_rd) sgd qdrtkshmf bnlodmr_shnm ne rbqddmhmf _mc _msh,rbqddmhmf dmrtqdr sg_s
βf u_mhrgdr _s _ mnm,sqhuh_k “wdc onhms) _mc oqdudmsr f eqnl chudqfhmf _s ghfg dmdqfx-

¶ ‘R ) ‘E ) ‘U 9 Sgdrd bnde“bhdmsr b_ostqd sgd deedbsr ne MR rb_k_q) ME edqlhnmhb) _mc MU
udbsnq “dkcr- He sgdrd “dkcr _qd lhmhl_kkx bntokdc sn fq_uhsx) sgdm sgd bnde“bhdmsr ‘h
_qd bnmrs_msr: nsgdqvhrd) sgdx adbnld etmbshnmr ne sgd hmsdq_bshnm bntokhmfr- Rb_k_qr
_mc edqlhnmr sxohb_kkx rbqddm fq_uhsx) ‘R < . _mc ‘E < .) vghkd udbsnqr _msh,rbqddm hs)
‘U / . >104[-

Hm sgd khfgs ne sgdrd bnqqdbshnmr) sgd “wdc,onhms u_ktd ne sgd chldmrhnmkdrr Mdvsnm bntokhmf
hr nas_hmdc ax rnkuhmf βf + .) _mc qd_cr

f∗ +
1

‘PF ) ‘RMR ) ‘E ME ) ‘U MU
- ’3-07.(

Sghr dwoqdrrhnm ghfgkhfgsr sgd rdmrhshuhsx ne sgd “wdc,onhms u_ktd sn sgd a_k_mbd ne rbqddmhmf
_mc _msh,rbqddmhmf deedbsr- He sgd rbqddmhmf bnmsqhatshnmr cnlhm_sd) sgdx b_m lnud sgd “wdc
onhms sn tmogxrhb_k qdfhnmr) oq_bshb_kkx cdrsqnxhmf _rxlosnshb r_edsx- Bnmudqrdkx) rte“bhdmskx
_msh,rbqddmhmf bnmsqhatshnmr b_m rs_ahkhyd sgd rxrsdl) _kknvhmf f∗ sn qdl_hm “mhsd _mc onrh,
shud) ats cdbqd_rhmf hsr u_ktd- Rodbh“b_kkx) >155[ _mc rtbbdrrhud bnlots_shnmr a_rdc nm sgd
a_bjfqntmc “dkc _ooqnwhl_shnm rtoonqs sgd enkknvhmf ohbstqd9

¶ RbWkWqr9 Lhmhl_kkx bntokdc rb_k_q “dkcr) rtbg _r sgd Ghffr anrnm) hmsqnctbd rbqddmhmf
deedbsr- Sgdhq bnmsqhatshnmr _qd tmhudqr_kkx mdf_shud ’‘R < .() vd_jdmhmf sgd fq_uhs_,
shnm_k hmsdq_bshnm _mc hmbqd_rhmf f∗-

¶ Edqlhnmr9 Rhlhk_qkx) edqlhnmr rbqddm fq_uhsx vhsg ‘E < .) _ksgntfg sgdhq hlo_bs hr sxo,
hb_kkx vd_jdq sg_m sg_s ne rb_k_q “dkcr- Sgd btltk_shud deedbs ne _ k_qfd mtladq ne
edqlhnmr b_m rhfmh“b_mskx hmbqd_rd sgd “wdc,onhms u_ktd f∗-

¶ FWtfd Ehdkcr9 Ax bnmsq_rs) f_tfd anrnmr bnmsqhatsd onrhshudkx ’‘U / .() hmsqnctbhmf
_msh,rbqddmhmf deedbsr sg_s rs_ahkhyd sgd “wdc onhms- Sgdhq hmfitdmbd hr o_qshbtk_qkx hlonq,
s_ms hm f_tfd sgdnqhdr vhsg dwsdmcdc f_tfd fqntor) _r sgd _msh,rbqddmhmf deedbs fqnvr
vhsg MU - Hmcddc) sgd khlhs MU → ∞ l_jdr sgd “wdc onhms eqdd vhsg qdrodbs sn f ’ats
rshkk r_ed vhsg qdrodbs sn λ(-
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Bnlots_shnmr adxnmc sgd a_bjfqntmc “dkc _ooqnwhl_shnm lnrskx bnm“ql sgdrd ed_stqdr) lnc,
tkn sgd b_rd ne edqlhnmr) vgnrd rtaskdshdr l_jd sgdhq rbqddmhmf bg_q_bsdq kdrr drs_akhrgdc ’rdd)
d-f-) >182[(-

Adxnmc lhmhl_k bntokhmf) l_ssdq “dkcr b_m hmsdq_bs vhsg btqu_stqd sdqlr) lnchexhmf sgd
bnde“bhdmsr ‘R ) ‘E ) _mc ‘U - Sgdrd mnm,lhmhl_k hmsdq_bshnmr b_m dhsgdq dmg_mbd nq qdctbd
rbqddmhmf _mc _msh,rbqddmhmf deedbsr) kd_chmf sn pt_khs_shud bg_mfdr hm sgd “wdc,onhms rsqtbstqd-

Sgd hmsdqok_x adsvddm fq_uhsx _mc l_ssdq adbnldr o_qshbtk_qkx rhfmh“b_ms vgdm bnmrhcdq,
hmf sgd RL- Sgd RL hmbktcdr _ rodbh“b rds ne l_ssdq “dkcr9

¶ Entq rb_k_q bnlonmdmsr ’eqnl sgd Ghffr cntakds()

¶ 34 Vdxk edqlhnmr ’_bbntmshmf enq pt_qjr) kdosnmr) _mc bnknq ltkshokhbhshdr()

¶ 01 f_tfd anrnmr ’sgd ognsnm) fktnmr) _mc V±) Y. anrnmr(-

Sgd bnmsqhatshnmr ne sgdrd “dkcr sn sgd ads_ etmbshnm enq f _qd pt_msh“dc ax sgdhq qdrodbshud
bnde“bhdmsr ‘R ) ‘E ) _mc ‘U - Mtldqhb_k rstchdr cdlnmrsq_sd sg_s sgd hmbktrhnm ne RL l_ssdq
“dkcr cndr mns cdrs_ahkhyd sgd fq_uhs_shnm_k “wdc onhms- Sgd bnmsqhatshnmr eqnl f_tfd “dkcr
’MU + 01( oqnuhcd rte“bhdms _msh,rbqddmhmf sn bntmsdqa_k_mbd sgd rbqddmhmf deedbsr ne rb_k_qr
_mc onrrhakx edqlhnmr) _bbnqchmf sn bnmrhcdq_shnmr _mc rtaskdshdr _anud- Sgd qdrtkshmf “wdc,
onhms u_ktd ne f qdl_hmr “mhsd _mc onrhshud) hmchb_shmf sgd bnlo_shahkhsx ne @RPF vhsg sgd
nardqudc l_ssdq bnmsdms ne sgd tmhudqrd >2.4[- Mns_akx) sgd RL qdpthqdr mnm,ydqn Xtj_v_
hmsdq_bshnmr enq edqlhnm l_rr fdmdq_shnm uh_ ronms_mdntr rxlldsqx aqd_jhmf- Rnld bnmch,
shnmr nm sgd fq_uhs_shnm_k “wdc,onhms u_ktdr mddc sn ad etk“kkdc- Sgdrd _qd nmkx etk“kkdc he sgqdd
fdmdq_shnmr ne edqlhnmr _qd _bbntmsdc enq >155[- @cchshnm_k “dkcr hmsqnctbdc ax dwsdmrhnmr ne
sgd RL) rtbg _r qhfgs,g_mcdc mdtsqhmnr) _whnm,khjd o_qshbkdr) nq rb_k_q rhmfkdsr enq c_qj l_ssdq)
etqsgdq lnchex sgd QF finv- Vghkd sgdrd dwsdmrhnmr b_m hmbqd_rd rbqddmhmf bnmsqhatshnmr ’d-f-)
eqnl _cchshnm_k rb_k_qr() sgdx qdl_hm bnmrhrsdms vhsg _rxlosnshb r_edsx oqnuhcdc sgdhq mtladq
hr bnmrsq_hmdc- Qdl_qj_akx) fq_mc tmh“dc sgdnqhdr hmsqnctbd k_qfd f_tfd fqntor) hmbqd_rhmf
MU _mc dmg_mbhmf _msh,rbqddmhmf deedbsr) vghbg rs_ahkhyd sgd “wdc onhms-

Rn e_q vd g_ud nmkx rtll_qhydc gnv l_ssdq fitbst_shnmr _eedbs sgd dwhrsdmbd _mc knb_shnm
ne sgd MFEO ne sgd bnlahmdc rxrsdl- Mdws) hs hr hlonqs_ms sn chrbtrr gnv fq_uhs_shnm_k fitbst,
_shnmr _eedbs sgd RL- Enq _ fdmdqhb chldmrhnmkdrr l_ssdq bntokhmf b) sgd QF finv hr fnudqmdc
ax sgd ads_ etmbshnm

βb + � eb b ) βb)0b
m )N�bm)0( ) ’3-070(

vgdqd eb hr _ PF,hmctbdc bnqqdbshnm sg_s) vgdm onrhshud) l_x bnmsqhatsd sn c_lohmf b _s ghfg
dmdqfhdr) βb)0 hr _ otqd,l_ssdq bnmsqhatshnm _s nmd knno) _mc m cdodmcr nm sgd rodbh“b bntokhmf-
Sghr tmhudqr_k rsqtbstqd _ookhdr sn _kk rdbsnqr ne sgd l_ssdq bntokhmfr) hmbktchmf Xtj_v_) f_tfd)
_mc rb_k_q hmsdq_bshnmr- Hm sgd _ardmbd ne fq_uhsx) h-d-) he fq_uhs_shnm_k bntokhmfr _qd rds sn ydqn)
eb → .- L_ssdq bntokhmfr enq vghbg βb)0 / . _qd sgtr _eedbsdc ax sgd sqhuh‘khsx oqnakdl9 sgdx
u_mhrg hm sgd HQ) _mc chudqfd _s _ “mhsd TU rb_kd ˇ kd_chmf sn sgd hme_lntr K_mc_t onkdr)
_mc sgd nmkx v_x sn qdlnud sgdrd onkdr hr sn stmd sgd bntokhmf rtbg sg_s hs u_mhrgdr _s _kk
rb_kdr) l_jhmf sgd sgdnqx sqhuh‘k- Nm sgd nmd g_mc) sghr oqnakdl _eedbsr ansg sgd Ghffr pt_qshb
bntokhmf λG _mc sgd @adkh_m gxodqbg_qfd f_tfd bntokhmf fX - Nm sgd nsgdq g_mc) sgd rb_kd _s
vghbg rtbg K_mc_t onkdr nbbtq hr sq_mr,Ok_mbjh_m _mc sgtr hs hr dwodbsdc sg_s mdv ogxrhbr ˇ
odqg_or PF ˇ vhkk qdrnkud sgd oqnakdl-

Sg_mjr sn sgd _msh,rbqddmhmf bnmsqhatshnm ne PF bnqqdbshnmr hm @RPF) dmbncdc hm sgd sdql
� eb ) sgdqd hr fqnvhmf duhcdmbd sg_s K_mc_t onkdr l_x ad qdlnudc ax @RPF >2.5[) kd_chmf
sn _m _rxlosnshb_kkx r_ed RL >2.4[- Enq hmrs_mbd) fq_uhs_shnm_k bnqqdbshnmr bntkc _ccqdrr sgd
K_mc_t onkd hm sgd @adkh_m gxodqbg_qfd f_tfd bntokhmf fX - Hm sgd RL) fX fqnvr knf_qhsglh,
b_kkx vhsg dmdqfx) chudqfhmf _s _ “mhsd dmdqfx rb_kd _mc kd_chmf sn _m _cchshnm_k K_mc_t onkd-
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Gnvdudq) _bbnqchmf sn ’3-070() @RPF hmsqnctbdr _ khmd_q c_lohmf sdql hmsn sgd ads_ etmbshnm

βfX
+ aX f2

X � eX fX ) ’3-071(

vgdqd aX / . qdoqdrdmsr sgd rs_mc_qc f_tfd bnmsqhatshnmr) _mc � eX fX hr sgd fq_uhs_shnm_k
bnqqdbshnm- Enq rte“bhdmskx k_qfd eX + 4f∗<07π) sgd fq_uhs_shnm_k sdql cnlhm_sdr _s ghfg
dmdqfhdr) b_trhmf fX sn _rxlosnsd sn _ “mhsd u_ktd q_sgdq sg_m _ chudqfdmbd >2.5[- Vghkd
lnqd vnqj hr mdbdrr_qx sn sdrs sgd rs_ahkhsx ne sgdrd qdrtksr) d-f- tmcdq cheedqdms sqtmb_shnmr
_mc rbgdldr) sghr ldbg_mhrl l_x oqnuhcd _ v_x sn qdlnud K_mc_t onkdr _mc dmrtqd sgd
bnmrhrsdmbx ne sgd RL _s sq_mr,Ok_mbjh_m dmdqfhdr-

@mnsgdq bnmrdptdmbd ne sgd fq_uhsx,l_ssdq chbgnsnlx hr sg_s rnld ne sgd RL bntokhmfr
l_x bnld _r _ oqd,�onrs,chbshnmr ne sgd bnlahmdc _rxlosnshb_kkx r_ed TU bnlokdshnm- Sn fhud
_ bnmbqdsd dw_lokd) kds tr bnmrhcdq sgd fq_uhs_shnm_k bnqqdbshnmr sn sgd qtmmhmf ne sgd Ghffr
pt_qshb bntokhmf λG )

βλG
+

2
1π1

λ1
G ) τG�f1) fX ) xs( ) κG�f1) fX ) xs(λG � eGλG )N�λ2

G( - ’3-072(

Gdqd sgd “qrs sdql _qhrdr eqnl sgd Ghffr rdke,hmsdq_bshnm) τG _mc κG _qd etmbshnmr ne sgd
Xtj_v_ _mc f_tfd bntokhmfr ’_mc u_mhrg he sgdx _kk u_mhrg() _mc � eGλG hr sgd fq_uhs_shnm_k
bnqqdbshnm- Sgd sdql � eGλG oqnuhcdr _m _cchshnm_k rs_ahkhy_shnm ldbg_mhrl) bntmsdq_bs,
hmf sgd cdrs_ahkhyhmf deedbsr ne sgd k_qfd sno Xtj_v_ bntokhmf- He fq_uhsx l_jdr sgd f_tfd
_mc sgd sno Xtj_v_ bntokhmfr eqdd) _mc he eG < . ’sghr hr bnm“qldc ax bnlots_shnmr sn
c_sd >157)2.6fl20.[() sgdmλ∗ + . hr _m HQ “wdc onhms- Hm sghr b_rd) PF fitbst_shnmr vntkc cqhud
sgd qtmmhmf ne λG sn ydqn adknv sgd Ok_mbj rb_kd- Sghr hr bqtbh_k9 rs_qshmf eqnl λG�LOk( ≈ .)
sgd finv hr sgdm cqhudm ax sgd Ghffr pt_qshb hmsdq_bshnm) vghbg hm stqm hr qdfdmdq_sdc ax f_tfd
_mc sno,pt_qj fitbst_shnmr) kd_chmf sn _ oqdbhrd u_ktd enq λG hm sgd HQ) vghbg hr qdk_sdc sn sgd
Ghffr l_rr _mc u_bttl dwodbs_shnm u_ktd u + 135 FdU uh_ sgd vdkk,jmnvm qdk_shnmrgho

λG +
0
1

lG

u

1
- ’3-073(

Rodbh“b_kkx) rs_qshmf eqnl λG�LOk( ≈ . ˇ _ bnmchshnm vghbg hr tmdwok_hmdc vhsghm sgd RL ˇ
kd_cr oqdbhrdkx sn _ Ghffr l_rr ne lG ≈ 015 FdU- Sghr knfhb _mc sgd qdk_sdc b_kbtk_shnmr kdc
sn sgd oqdchbshnm ne sgd Ghffr l_rr hm @RPF >156[- Rhlhk_q _qftldmsr _mc bnlots_shnmr _krn
xhdkc _ onrs,chbshnm ne sgd sno l_rr >157[-

3-3-1 Ehwdc onhmsr Wmc WooqnwhlWsd rbWkd hmuWqhWmbd ne sgd onvdq rodbsqtl

Oqhlnqch_k pt_mstl fitbst_shnmr kdes k_rshmf rhfm_stqdr) nardqu_akd snc_x hm sgd rjx _r lh,
mtrbtkd sdlodq_stqd _mhrnsqnohdr hm sgd BLA) vhsg δS<S ≃ 0.�4- Hm sgd eq_ldvnqj ne sgd
rs_mc_qc bnrlnknfhb_k lncdk) sgdrd sdlodq_stqd hmgnlnfdmdhshdr _qd sq_bdc a_bj sn sgd pt_m,
stl fitbst_shnmr eqnl sgd oqd,hmfi_shnm_qx dq_- @r sgd tmhudqrd tmcdqvdms dwonmdmsh_k fqnvsg)
sgdrd fitbst_shnmr vdqd _lokh“dc _mc rlnnsgdmdc nts) qdrtkshmf hm rl_kk u_qh_shnmr hm cdmrhsx
_s sgd k_rs rb_ssdqhmf rtqe_bd- Bnmrdptdmskx) sgd chrsqhatshnm ne sdlodq_stqd _mhrnsqnohdr _bqnrr
sgd rjx oqnuhcdr hmchqdbs hmrhfgsr hmsn sgd ogxrhbr ne sgd tmhudqrd%r d_qkhdrs rs_fdr-

Sgd onvdq rodbsq_ ne rb_k_q _mc sdmrnq odqstqa_shnmr hm lnldmstl ro_bd _qd dwoqdrrdc
_r9

Or�j( ≃ ?r



j
j∗

mr�0

) Os�j( ≃ ?s



j
j∗

ms

) ’3-074(

vgdqd j + |j⃗| cdmnsdr sgd l_fmhstcd ne sgd sgqdd,lnldmstl) _mc j∗ ∼ .-.4 Lob�0 rdqudr
_r _ qdedqdmbd rb_kd- Nardqu_shnm_k c_s_ dm_akd sgd cdsdqlhm_shnm ne sgd rodbsq_k hmcdw mr)
_mc sgd sdmrnq,sn,rb_k_q q_shn q ≡ ?s<?r- @bbnqchmf sn sgd lnrs qdbdms nardqu_shnmr) mr hr
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bnmrsq_hmdc sn mr.-8538 ± .-..31 _s _ 57# bnm“cdmbd kdudk) vghkd q hr qdrsqhbsdc sn u_ktdr
adknv q < .-.53- Sghr toodq antmc vhkk gnodetkkx ad qdok_bdc ax _m _ooqnwhl_sd mtladq hm
sgd md_q etstqd >200[- Vghkd sgd rb_k_q onvdq rodbsqtl hr md_qkx rb_kd,hmu_qh_ms) dw_bs rb_kd
hmu_qh_mbd ’mr + 0( hr qtkdc nts-

Sgd ’_ooqnwhl_sd( rb_kd hmu_qh_mbd ne sgd onvdq rodbsqtl rgntkc _s sghr onhms qhmf _ adkk-
Bntkc hs ad qdk_sdc sn sgd ’_ooqnwhl_sd( rb_kd hmu_qh_mbd ne QF sq_idbsnqhdr hm sgd oqnwhlhsx
ne _m MFEO; Sghr hr mns rdsskdc xds) ats sgdqd _qd _qftldmsr sg_s sghr lhfgs ad sgd b_rd- Hm
sgd enkknvhmf) vd vhkk oqdrdms _ o_qshbtk_qkx rhlokd _qftldms) vghbg hr a_rdc nm sgd rb_khmf ne
sgd a_bjfqntmc fq_uhsnm oqno_f_snq _mc hr a_rdc nm >201[- Md_q sgd MFEO) sgd a_bjfqntmc
fq_uhsnm oqno_f_snq s_jdr sgd enql

F�o( ≃ 0
o1�ηM

- ’3-075(

G_uhmf _ mnm,sqhuh_k “wdc onhms qdpthqdr sgd _mnl_kntr chldmrhnm ηM ne sgd Mdvsnm bntokhmf
sn _ooqn_bg sgd “wdc,onhms u_ktd ηM∗ + �1 hm sgd TU khlhs- Sghr hr adb_trd sgd Mdvsnm
bntokhmf g_r l_rr chldmrhnm �1) be- rdbshnm 3-0-0- Tmcdq sgdrd bnmchshnmr) hm onrhshnm ro_bd
sgd “wdc,onhms fq_uhsnm oqno_f_snq rb_kdr _r >201[

F�w ) x( ≃ knf |w � x |1 - ’3-076(

He sgd sdlodq_stqd fitbst_shnmr _qd dmshqdkx cqhudm ax sgd pt_mstl fitbst_shnmr ne ro_bdshld
fdnldsqx ctqhmf hmfi_shnm) _mc sgdrd fitbst_shnmr nqhfhm_sd hm sgd Ok_mbj dq_) sgd bnqqdronmchmf
cdmrhsx fitbst_shnmr δρ _qd bg_q_bsdqhydc ax _ svn,onhms bnqqdk_shnm etmbshnm >201[

ξ� w⃗( + }δρ� w⃗ ) x⃗(δρ� x⃗(〉 ∝ }δQ� w⃗ ) x⃗ ) s(δQ� x⃗ ) s(〉 ≃ | w⃗ |�3 ) ’3-077(

vgdqd δρ + δρ<ρ̃ qdoqdrdmsr eq_bshnm_k cdmrhsx fitbst_shnmr) _mc δQ� x⃗ ) s( cdmnsdr fitbst_shnmr
hm sgd rb_k_q btqu_stqd) hmctbdc ax ldsqhb u_qh_shnmr- Sgd onvdq rodbsqtl hm lnldmstl ro_bd
hr sgd ro_sh_k Entqhdq sq_mrenql ne ξ� w⃗()

|δj⃗|
1 + U



c2 w⃗ ξ� w⃗(d�hj⃗· w⃗ - ’3-078(

Sgd rodbsq_k hmcdw mr) cdrbqhahmf sgd onvdq,k_v rb_khmf ne sgd rodbsqtl) r_shr“dr9

|δj⃗|
1 ∝ |j⃗|mr - ’3-08.(

Enq ξ� w⃗( ≃ | w⃗ |�3) sghr qdrtksr hm _ odqedbskx rb_kd,hmu_qh_ms onvdq rodbsqtl ’mr + 0(- Sgd
md_qkx rb_kd,hmu_qh_ms m_stqd ne Or�j( b_m sgtr ad _ssqhatsdc sn sgd QF sq_idbsnqx%r adg_uhnq
md_q sgd MFEO- Sghr gxonsgdrhr g_r hmrohqdc rstchdr dwoknqhmf lds_rs_akd cR rnktshnmr hm
@RPF) kd_chmf sn _ rte“bhdmskx dwsdmcdc odqhnc ne zMFEO,cqhudm hmfi_shnm• >202fl210[- Sgd
qdrtkshmf rbdm_qhn g_r addm ctaadc z_rxlosnshb_kkx r_ed hmfi_shnm• >211[-

3-3-2 FqWuhsWshnmWk Wmsh,rbqddmhmf Wmc rhmftkWqhsx qdrnktshnm

Hm rdbshnm 3-1-6 vd g_ud rddm sg_s sgd ads_ etmbshnmr ne sgd fq_uhs_shnm_k bntokhmfr hm sgd
Dhmrsdhm,Ghkadqs sqtmb_shnm _clhs _m MFEO vghbg hr TU _ssq_bshud hm sgd r_ld rta,sgdnqx ro_bd-
Hm fdmdq_k) vgdm dwsdmchmf sgd b_kbtk_shnm sn ghfgdq,nqcdq sqtmb_shnmr) nmd “mcr sg_s sgd “wdc
onhms hr rs_akd _mc sg_s hs hr TU _ssq_bshud enq _ rtards ne QF sq_idbsnqhdr hm sgdnqx ro_bd ˇ sgnrd
adknmfhmf sn sgd a_rhm ne _ssq_bshnm ne sgd “wdc onhms- Hm _ rhlhk_q v_x _r enq PBC) _ TU _ssq_b,
shud “wdc onhms hr _m hmchb_snq sg_s _msh,rbqddmhmf deedbsr s_jd nudq sgd rbqddmhmf nmdr- Sghr
hr qdk_sdc sn sgd ogxrhb_k ldbg_mhrl tmcdqkxhmf @RPF >212[- @m hmsthshud v_x sn tmcdqrs_mc
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Ehftqd 3-79 Cdodmcdmbd ne sgd chldmrhnmkdrr _mc chldmrhnmetk Mdvsnm bntokhmf nm
sgd QF rb_kd j- @r j hr q_hrdc _anud sgd Ok_mbj rb_kd) sgd EQF finv _ss_hmr sgd “wdc
onhms qdfhld) vgdqd fj ≃ f∗ _mc Fj ≃ f∗j

�1- Sgd k_ssdq sgtr u_mhrgdr _rxlosnshb_kkx)
oqnuhchmf _m hmsthshud v_x sn sghmj ne fq_uhs_shnm_k _msh,rbqddmhmf hm @RPF-

fq_uhs_shnm_k _msh,rbqddmhmf hr uh_ sgd jqtmmhmf ne sgd chldmrhnmkdrr Mdvsnm bntokhmf- Md,
fkdbshmf sgd jqtmmhmf ne sgd bnrlnknfhb_k bnmrs_ms) nmd b_m rdd sg_s sgd ads_ etmbshnm ’3-047(
xhdkcr sgd enkknvhmf _ooqnwhl_sd jqtmmhmf enq sgd chldmrhnmetk Mdvsnm bntokhmf >213[

Fj ≃
FM

0 ) f�0
∗ FM j1

- ’3-080(

Sghr qtmmhmf hr rgnvm hm “f- 3-7-
Bknrd sn sgd “wdc onhms Fj ≃ f∗j

�19 sgd dwhrsdmbd ne _ mnm,sqhuh_k “wdc onhms _s f∗ ̸+ .
sgtr hlokhdr sg_s sgd chldmrhnmetk Mdvsnm bntokhmf u_mhrgdr hm sgd ghfg,dmdqfx khlhs j →∞-
@ksgntfg sghr nmkx g_oodmr vhsg qdrodbs sn sgd QF rb_kd j) hs mhbdkx dmbncdr _m drrdmsh_k ed_stqd
ne @RPF sg_s hr _s sgd bnqd ne fq_uhs_shnm_k _msh,rbqddmhmf9 fq_uhsx fdsr vd_jdq _s ghfg dmdqfhdr-
@rrtlhmf sg_s fq_uhs_shnm_k _msh,rbqddmhmf hr pt_khs_shudkx b_ostqdc ax _m deedbshud Mdvsnm
bntokhmf sg_s u_mhrgdr _s rgnqs chrs_mbdr ˇ vghbg rgntkc gnkc he _ cdbntokhmf ldbg_mhrl hr
_s vnqj >166[ ˇ sgdm fq_uhs_shnm_k rhmftk_qhshdr hm FQ rgntkc fds vd_jdq nq ad qdrnkudc hm
@RPF- Sn rdd sghr) qdb_kk sg_s sgd k_ord etmbshnm ne _ Rbgv_qyrbghkc AG qd_cr

e �q( + 0�
1FM L

q
- ’3-081(

He FM hr qdok_bdc ax _m deedbshud Mdvsnm bntokhmf vghbg cdodmcr nm sgd q_ch_k bnnqchm_sd q)
_mc hmsdqonk_sdr adsvddm sgd nardqudc Mdvsnm bnmrs_ms FM _rxlosnshb_kkx _mc ydqn _s sgd
vntkc,ad rhmftk_qhsx) sgdm q + . ntfgs sn ad qdok_bdc ax _ vd_jdq rhmftk_qhsx nq odqg_or dudm
_ qdftk_q AG bnqd-

Vd b_tshnmdc hm rdbshnm 3-2-1 sg_s sgd jqtmmhmf _qftldms b_m fhud _s adrs _ pt_khs_shud
hcd_ ne sgd bnmrdptdmbdr ne fq_uhs_shnm_k _msh,rbqddmhmf- Hm sgd rhlokdrs rbdm_qhnr) d-f-) hm sgd
b_rd ne _ rogdqhb_kkx rxlldsqhb rs_shb AG) _ rhlhk_q ohbstqd l_x _krn _qhrd eqnl lnqd enql_k
_qftldmsr _mc bnlots_shnmr9 PF hr fdmdq_kkx dwodbsdc sn bnqqdbs FQ ax ’hm“mhsdkx l_mx(
ghfgdq,cdqhu_shud sdqlr vhsg rodbh“b Vhkrnm bnde“bhdmsr vgnrd u_ktdr cdodmc nm sgd rodbh“b
TU bnlokdshnm- Nmbd _m deedbshud _bshnm � g_r addm bnlotsdc) d-f-) eqnl @RPF) sgdm sgd
bk_rrhb_k “dkc dpt_shnmr _qd qdok_bdc ax sgd deedbshud nmdr

δ�

δfµµ
+ . - ’3-082(
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Sgd rnktshnmr sn sghr vhkk hmbktcd rogdqhb_kkx rxlldsqhb rs_shb AGr) _mc sgd ghfgdq,cdqhu_shud
bnqqdbshnmr vhkk qdrtks hm _ k_ord etmbshnm vgdqd sgd Mdvsnm bntokhmf hr qdok_bdc ax _m deedbshud
nmd- Ax bnmrhrsdmbx) sghr g_r sn hmsdqonk_sd adsvddm ydqn _mc FM _s k_qfd chrs_mbdr) vghbg hr
sgd r_ld ohbstqd oqdrdmsdc adenqd- Rtbg _ ohbstqd g_r addm bnqqnanq_sdc _mc qd“mdc ax qdbdms
rstchdr >214fl216[ a_rdc nm “qrs,oqhmbhokd b_kbtk_shnmr-

3-3-3 Bgqnmnknfx ne rnld lhkdrsnmdr

Hm sghr rdbshnm) vd ghfgkhfgs rnld ne sgd lhkdrsnmdr _bghdudc hm sgd “dkc9

¶ Ehqrs bnlotsWshnm hm entq chldmrhnmr >100[9 Vghkd sgd nqhfhm_k hcd_ ne @RPF fndr
a_bj sn sgd k_sd rdudmshdr >20[) hs v_r nmkx hm sgd lhc,mhmdshdr sg_s sgd “qrs mnm,odqstq,
a_shud QF bnlots_shnm hm PF v_r odqenqldc- Nmkx sgdm) lncdqm etmbshnm_k ldsgncr
g_c addm cdudknodc sn cdqhud mnm,odqstqa_shud ads_ etmbshnmr >130fl132[- Sgd nqhfhm_k
bnlots_shnm nmkx cheedqr hm rl_kk cds_hkr bnlo_qdc sn ntq dwonrhshnm ne sgd cdqhu_shnm
ne sgd ads_ etmbshnmr enq Mdvsnm%r bnmrs_ms _mc sgd bnrlnknfhb_k bnmrs_ms-

¶ Oqdchbshnm ne Ghffr lWrr Wmc onrschbshnm ne sgd Ghffr sn sno lWrr qWshn >156)157[9
@ sgdnqx ne PF cndr mns nmkx g_ud sn ad hmsdqm_kkx bnmrhrsdms) hs _krn g_r sn ad ogd,
mnldmnknfhb_kkx uh_akd- Nmd _rodbs ne sghr hr sg_s hs g_r sn ad bnlo_shakd vhsg ld_rtqdc
u_ktdr ne RL o_q_ldsdqr khjd o_qshbkd l_rrdr- Sghr hr qdkdu_ms rhmbd he) d-f-) _m nsgdqvhrd
oqnlhrhmf sgdnqx ne PF vntkc oqdchbs sg_s sgd dkdbsqnm hr gd_uhdq sg_m sgd Ghffr anrnm)
hs hr qtkdc nts dwodqhldms_kkx- Sgd pt_mstl rb_kd hmu_qh_mbd bg_q_bsdqhyhmf _rxlosnshb
r_edsx) _r _mx rxlldsqx) b_m dmg_mbd hsr oqdchbshud onvdq ax _cchmf bnmrsq_hmsr- Rtbg
bnmrsq_hmsr b_m stqm hmsn oqd�onrs,chbshnmr enq rnld ne sgd RL bntokhmfr _mc l_rrdr-
Svn hlonqs_ms dw_lokdr _qd sgd oqdchbshnm ne sgd Ghffr l_rr >156[ _mc sgd onrschbshnm
ne sgd Ghffr sn sno l_rr q_shn >157[-

¶ LWssdq lWssdqr hm ?RPF >155[9 Vghkd sghr hr hmsthshudkx dwodbsdc) rhmbd fq_uhsx bntokdr
’_s kd_rs lhmhl_kkx( vhsg dudqxsghmf) l_ssdq b_m hmfitdmbd fq_uhsx _mc fq_uhsx b_m _eedbs
l_ssdq- Sgd _qshbkd >155[l_cd sghr onhms bkd_q ax rgnvhmf gnv sgd mtladq ne l_ssdq _mc
f_tfd “dkcr b_m hlo_bs sgd dwhrsdmbd _mc oqnodqshdr ne sgd Qdtsdq “wdc onhms- Rhmbd hsr
_ood_q_mbd) hmbqd_rhmfkx rnoghrshb_sdc bnlots_shnmr g_ud addm odqenqldc) ghfgkhfgshmf
gnv PF b_m ad bnmrsq_hmdc ax qdpthqhmf hsr bnlo_shahkhsx vhsg sgd RL ’rdd sgd qdbdms
qduhdv >104[ _mc qdedqdmbdr sgdqdhm(-

¶ Sgd Fnqnee,RWfmnssh sdql hr WrxlosnshbWkkx rWed >151)154[9 Sgd Fnqnee,R_fmnssh sdql
B2 hr sgd “qrs mnm,rtasq_bs_akd chudqfdmbd sg_s _ood_qr _s sgd svn,knno nqcdq ne sgd
odqstqa_shud qdmnql_khy_shnm ne FQ ’rdd rdbshnm 1-2-4(- Sghr ld_mr sg_s hs b_mmns ad
qdlnudc ax _ knb_k “dkc qdcd“mhshnm- Hs g_kkl_qjr sgd aqd_jcnvm ne odqstqa_shud qdmnq,
l_khy_ahkhsx) _r hs hr sgd “qrs ne hm“mhsdkx l_mx rtbg chudqfdmbdr- Ax bnmsq_rs) hm @RPF)
hs v_r entmc sg_s sghr sdql hr hqqdkdu_ms ˇ hsr bntokhmf hr _ oqdchbshnm ne sgd sgdnqx- Sghr
hr _ rhfmh“b_ms qdrtks) _r hs rgnvr sg_s @RPF odqenqlr rsqhbskx adssdq sg_m DES hm sdqlr
ne oqdchbshuhsx-

¶ SnvWqcr W qdrnktshnm ne sgd sqhuhWkhsx oqnakdl hm sgd RL >2.5) 217[9 Sgd sqhuh_khsx
oqnakdl _eedbsr sgd T�0( _mc Ghffr rdbsnqr ne sgd RL9 sgd bntokhmfr chudqfd _s _ “,
mhsd QF rb_kd ’sgd K_mc_t onkd( tmkdrr sgdx _qd rds sn rs_x _s sgd FEO) hm vghbg b_rd
ansg bntokhmfr u_mhrg _s _kk rb_kdr) l_jhmf sgd sgdnqx zsqhuh_k•- Sgd qdrnktshnm ne sgd
K_mc_t oqnakdl qdpthqdr dhsgdq mdv ogxrhbr _s rta,Ok_mbjh_m rb_kdr) d-f-) rtodqrxlld,
sqx nq fq_mc tmh“b_shnm) nq _ mnm,sqhuh_k TU bnlokdshnm uh_ _m hmsdq_bshmf “wdc onhms-
Rtbg _ “wdc onhms b_m khjdkx ad sqhffdqdc he fq_uhsx hr _rxlosnshb_kkx r_ed) rhmbd hm sghr
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b_rd fq_uhsnm knnor vntkc bnmsqhatsd vhsg _ mnm,ydqn bnmrs_ms hm sgd l_ssdq ads_ etmb,
shnmr >2.5)217[-

¶ ?RPF bWm ad tmhsWqx9 Sgdqd hr rnldshldr sgd lhrbnmbdoshnm sg_s ctd sn sqtmb_shnmr
ne sgd D@@) sgd fq_uhsnm oqno_f_snq hm @RPF ltrs g_ud fgnrs cdfqddr ne eqddcnl _mc
gdmbd sgd sgdnqx b_mmns ad tmhs_qx) hm _m_knfx sn pt_cq_shb fq_uhsx _mc _r chrbtrrdc
hm rdbshnm 1-3- Gnvdudq) rhmbd sqtmb_shnmr _qd itrs _ooqnwhl_shnmr _mc cn mns qdfidbs
sgd etkk pt_mstl cxm_lhbr) rtbg fgnrsr _qd mns nmkx dwodbsdc nm fdmdq_k fqntmcr ats
g_qlkdrr9 hm snx lncdkr) sgd _arnktsd u_ktd ne sgdhq qdrhctdr cdbqd_rdr vhsg sgd sqtm,
b_shnm nqcdq _mc u_mhrgdr q_ohckx) gdmbd cdbntokhmf rtbg “bshshntr fgnrsr eqnl _lokh,
stcdr >218)22.[- Ehqrs bnlots_shnmr ne sgd etkk fq_uhsnm rodbsq_k etmbshnm hmchb_sd sg_s
sgdqd hr hmcddc mn dwsq_ cdfqdd ne eqddcnl >177) 180[- Lnqdnudq) hs g_r addm rgnvm
sg_s sgdqd dwhrs enql e_bsnqr kd_chmf sn tmhs_qx _mc _rxlosnshb_kkx r_ed rb_ssdqhmf _lokh,
stcdr >181[-

¶ KnqdmsyhWm Wrxlosnshb rWedsx >177) 220fl222[9 @ jdx bg_kkdmfd enq @RPF hr sn odq,
enql bnlots_shnmr vhsg sgd EQF hm Knqdmsyh_m rhfm_stqd- Hm sgd bnmsdws ne _rxlosnshb
r_edsx) “qrs rsdor g_ud addm s_jdm hm >223fl225[- Vhsg _ uhdv sn rb_ssdqhmf _lokhstcdr)
Knqdmsyh_m bnqqdk_shnm etmbshnmr _qd _ mdbdrr_qx hmfqdchdms- Hm >177[) sgd Knqdmsyh_m
rodbsq_k etmbshnm ne sgd fq_uhsnm v_r bnlotsdc enq sgd “qrs shld- Svn jdx hmrhfgsr eqnl
sghr o_odq _qd “qrs) sg_s @RPF nmkx rddlr sn ed_stqd _ l_rrkdrr fq_uhsnm ’_m hlonqs_ms
rsdo snv_qcr drs_akhrghmf tmhs_qhsx) rdd oqduhntr atkkds onhms() _mc rdbnmc) sg_s _ Vhbj
qns_shnm ne Dtbkhcd_m bnlots_shnmr hr pt_khs_shudkx _bbtq_sd >180[- Knqdmsyh_m udqrhnmr
ne sgd EQF g_ud addm ots enqsg hm >220fl222[-

¶ ?rxlosnshbWkkx rWed RL >2.4[9 Nm sgd o_sg snv_qcr _ bnlokdsd cdrbqhoshnm ne ntq
tmhudqrd) vd cn mns nmkx g_ud sn pt_mshyd fq_uhsx) ats _krn _s kd_rs bntokd sgd RL sn hs-
@ ahf “qrs rsdo v_r s_jdm hm >2.4[) vgdqd ltksh,rb_kd ogxrhbr v_r qdrnkudc enq sgd “qrs
shld9 @RPF _s ghfg dmdqfhdr) dkdbsqn,vd_j rxlldsqx aqd_jhmf _s hmsdqldch_sd dmdqfhdr)
_mc rsqnmfkx bntokdc PBC hm sgd hmeq_qdc- Sgd _m_kxrhr rtffdrsr sg_s sgdhq _qd mn mdv
eqdd o_q_ldsdqr hm sgd l_ssdq rdbsnq adxnmc sgd nmdr jmnvm hm sgd RL) dlog_rhyhmf sgd
ghfg oqdchbshuhsx ne sgd rbdm_qhn-

¶ KWmcrbWodr hm ?RPF >116)117[9 Hm o_q_kkdk sn qdhmenqbhmf sgd duhcdmbd enq _m _rxlo,
snshb_kkx r_ed “wdc onhms) cdsdqlhmhmf sgd k_mcrb_od ne DESr rsdllhmf eqnl hs) h-d- cd,
sdqlhmhmf hsr antmc_qhdr _mc fdnldsqx >116) 117[) _r vdkk _r hsr l_ssdq bnmsdms >104[)
hr drrdmsh_k sn bnlo_qd sgd oqdchbshnmr ne @RPF ˇ dmbncdc hm hsr Vhkrnm bnde“bhdmsr
ˇ vhsg sgdnqdshb_k bnmrsq_hmsr ’rtbg _r sgnrd ne rdbshnm 2 _mc rdbshnm 5( _mc nardqu_,
shnm_k antmcr- Rsdor sn bnlotsd sgd _rxlosnshb r_edsx k_mcrb_od ne ognsnm,fq_uhsnm
rxrsdlr g_ud addm s_jdm hm >116) 117[- Ehqrs bnlo_qhrnmr vhsg onrhshuhsx antmcr g_ud
addm odqenqldc hm >117)226[-

3-3-4 Ntskhmd ne bgWkkdmfdr Wmc nodm ptdrshnmr

Sgd _bghdudldmsr hm sgd oqduhntr rdbshnm bnld g_mc hm g_mc vhsg bg_kkdmfdr _mc nodm ptdr,
shnmr9 vghkd sgd bqhshbhrlr ne >227[ g_ud addm dhsgdq bk_qh“dc >228[ nq nudqbnld >177[) rdudq_k
oqnakdlr qdl_hm nodm- Adknv vd khrs rnld ne sgd lnrs hlonqs_ms nodm ptdrshnmr hm @RPF9

¶ Dwhrsdmbd ne “wdc onhms hm KnqdmsyhWm rhfmWstqd9 Vghkd sgdqd hr rnld duhcdmbd sg_s
sgd qdrtksr ne Knqdmsyh_m bnlots_shnmr _qd pt_khs_shudkx _mc dudm pt_mshs_shudkx bknrd sn
Dtbkhcd_m qdrtksr) sgd atkj ne sgd duhcdmbd hm e_unq ne @RPF rshkk bnldr eqnl Dtbkhcd_m
bnlots_shnmr- Hs hr mdbdrr_qx sn tmcdqrs_mc sghr adssdq) _mc Knqdmsyh_m bnlots_shnmr
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_qd fdmdq_kkx _ rsqhbs mdbdrrhsx he vd v_ms sn cdqhud rb_ssdqhmf _lokhstcdr- Ehqrs rsdor sn
l_jd oqnfqdrr hm sghr chqdbshnm g_ud addm s_jdm hm >177)180)223fl225)23.[-

¶ TmhsWqhsx Wmc bWtrWkhsx9 Vghkd rnld duhcdmbd dwhrsr sg_s @RPF nmkx g_r sgd l_rr,
kdrr rohm svn onkd _mc mn fgnrs lncdr >177[) lnqd rnkhc bnlots_shnmr g_ud sn ad odq,
enqldc sn bgdbj vgdsgdq sgd sgdnqx hr tmhs_qx- Sghr _krn hmbktcdr sdrshmf _rxlosnshb
r_edsx _f_hmrs onrhshuhsx antmcr >117)226[-

¶ Enql eWbsnqr Wmc Wlokhstcdr9 Bnlotshmf dudm sgd rhlokdrs rb_ssdqhmf oqnbdrr) svn
o_qshbkdr rb_ssdqhmf hmsn svn o_qshbkdr) qdpthqdr sgd etkk lnldmstl cdodmcdmbd ne _
entq,onhms etmbshnm >103) 110[- Sghr hr dwsqdldkx bg_kkdmfhmf ˇ sgd btqqdms rs_sd ne
sgd _qs hr sgd etkk qdrnktshnm ne oqno_f_snqr) _mc rdkdbsdc bg_mmdkr ne sgd sgqdd, _mc
entq,onhms etmbshnmr >158) 16.) 162[- Sghr g_r sn ad rxrsdl_shb_kkx dwsdmcdc sn fds _
qd_rnm_akd drshl_sd enq rb_ssdqhmf _lokhstcdr- Sgd bnlots_shnm ne rb_ssdqhmf _lokh,
stcdr >178[ hr _krn hlonqs_ms bnmbdost_kkx) rhmbd sgd ogxrhb_k cd“mhshnm ne @RPF qdkhdr
nm sgd ghfg,dmdqfx adg_uhnq ne ogxrhb_k nardqu_akdr) vghbg nmkx cdodmcr nm drrdmsh_k
bntokhmfr >20) 170[- Sghr hr _krn qdk_sdc sn sgd oqnakdl ne l_oohmf nts sgd _rxlosnshb
r_edsx k_mcrb_od >116)230)231[-

¶ Mtladq ne eqdd oWqWldsdqr9 Gnv l_mx ne sgd eqdd o_q_ldsdqr ne sgd RL b_m ad “wdc ax
_rxlosnshb r_edsx; @mc gnv l_mx cndr fq_uhsx _cc; Sgdqd _qd rdudq_k o_qsh_k _mrvdqr
sn sghr ptdrshnm) vghbg _ookx sn rxrsdlr vhsg _ khlhsdc mtladq ne bntokhmfr- Hm rtbg
rxrsdlr hs _ood_qr sg_s fq_uhsx aqhmfr hm adsvddm svn _mc entq eqdd o_q_ldsdqr >150)
152fl154) 16.) 232[ vgdqd_r rnld bntokhmfr _mc l_rrdr b_m ad bnlotsdc eqnl “qrs
oqhmbhokdr >104)156)157[- Xds) sgd etkk ohbstqd hr sn ad tmcdqrsnnc-

¶ Cheednlnqoghrl hmuWqhWmbd Wmc aWbjfqntmc hmcdodmcdmbd9 Sgd mdbdrrhsx sn trd sgd
a_bjfqntmc “dkc ldsgnc hmsqnctbdr _kk jhmcr ne gd_c_bgdr ctd sn sgd u_qhntr rxlld,
sqx aqd_jhmfr hmctbdc ax ansg f_tfd “whmf _mc drodbh_kkx sgd qdftk_snq >110[- @ adssdq
bnmbdost_k tmcdqrs_mchmf hr mdbdrr_qx sn nas_hm rxrsdl_shb rbgdldr sn qdrsnqd etkk che,
ednlnqoghrl hmu_qh_mbd vgdm j → .-

¶ RsWsd cdodmcdmbd ne sgd EQF finv9 @ b_qdetk bnmrhcdq_shnm ne sgd EQF nm fkna_kkx gx,
odqankhb ro_bdshldr hmchb_sdr sg_s ads_ etmbshnmr lhfgs ad rs_sd,cdodmcdms >220fl222[-
Sghr hr _ udqx qdbdms _mc hmsdqdrshmf cdudknoldms) _mc sgd bnmrdptdmbdr _qd rshkk sn ad
dwoknqdc-

¶ Qdbnmrsqtbshnm oqnakdl9 Sgd EQF hr _ onvdqetk snnk sn sdrs sgd dwhrsdmbd ne sgd Qdtsdq
“wdc onhms _mc sn dwsq_bs oqdchbshnmr enq sgd D@@- Gnvdudq) dudm qdrnkuhmf sgd finv
�j dw_bskx) sgd khlhs j → ∞ sn sgd “wdc,onhms _bshnm hr mns dwodbsdc sn qdbnudq sgd
a‘qd _bshnm ne sgd sgdnqx- Sghr lhrl_sbg hr jmnvm _r sgd qdbnmrsqtbshnm oqnakdl >233[-
O_qsh_k oqnfqdrr g_r addm qdonqsdc d-f- hm >126)13.[-

¶ SqtmbWshnm,hmcdodmcdms rsWsdldmsr9 Oq_bshb_kkx _kk qdrtksr hm @RPF _qd a_rdc nm bnl,
ots_shnmr hm _ooqnwhl_shnmr- Hs hr bqtbh_k sn “mc v_xr sn cdqhud rsqnmfdq rs_sdldmsr sg_s
gnkc _s sgd dw_bs kdudk) h-d-) rs_sdldmsr sg_s _qd sqtmb_shnm,hmcdodmcdms-

¶ PtWmstl roWbdshldr9 @ oqnodq tmcdqrs_mchmf ne rnktshnmr sn sgd pt_mstl dpt_shnmr
ne lnshnm hr rshkk k_bjhmf- Nm sgd nmd g_mc) sghr hr qdk_sdc sn sgd _anud onhmsr9 lnqd
rnoghrshb_sdc bnlots_shnmr hm Knqdmsyh_m rhfm_stqd _qd mddcdc- Nm sgd nsgdq g_mc) mdv
rnktshnm rsq_sdfhdr g_ud sn ad cdudknodc sn rnkud “dkc dpt_shnmr hm sgd oqdrdmbd ne enql
e_bsnqr) adxnmc _rxlosnshb _ooqnwhl_shnmr nq rodbh_k b_rdr >214fl216)234fl24.[-
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¶ AG sgdqlncxmWlhbr hm Wrxlosnshb rWedsx9 AG sgdqlncxm_lhbr hr nardqu_shnm_kkx hq,
qdkdu_ms) ats ghfgkx bnmrsq_hmhmf eqnl _ sgdnqdshb_k rs_mconhms- @ksgntfg sgd m_hud _q,
ftldms sg_s _ PES b_mmns ad bnlo_shakd vhsg _m _qd_ k_v hr _unhcdc ax d-f- fhuhmf to
TU,knb_khsx) @RPF hr kdes vhsg sgd hlonqs_ms s_rj ne dwok_hmhmf AG sgdqlncxm_lhbr hm
fdmdq_k _mc sgd _qd_ rb_khmf hm o_qshbtk_q _s _ etmc_ldms_k kdudk >240[) h-d-) adxnmc sgd
V_kc bnmrsqtbshnm vhsg ghfgdq cdqhu_shudr >241fl244[-

Vhsg ansg lhkdrsnmdr _mc nodm ptdrshnmr hm lhmc) vd b_m oqnbddc _mc vq_o to sghr rdbshnm-

3-4 Bnmbktrhnmr

Hm sghr rdbshnm) vd g_ud hmsqnctbdc sgd EQF ˇ _ onvdqetk eq_ldvnqj vhsg bntmskdrr _ookh,
b_shnmr hm bnmcdmrdc l_ssdq ogxrhbr) o_qshbkd ogxrhbr) _mc fq_uhsx >102[- Sgd EQF hr a_rdc
nm _ enql_kkx dw_bs dpt_shnm cdrbqhahmf sgd mnm,odqstqa_shud QF finv ne sgdnqhdr _bqnrr sgd
vgnkd sgdnqx ro_bd- @r rtbg) hs oqnuhcdr _m hcd_k snnk sn hmudrshf_sd rsqnmfkx hmsdq_bshmf sgd,
nqhdr) hmbktchmf sgnrd sg_s _qd mnm,odqstqa_shudkx qdmnql_khy_akd- Vd sgdm chrbtrrdc nmd ne
sgd lnrs bnmrdqu_shud TU,bnlokdsd _ooqn_bgdr sn PF9 @RPF- Sghr _ooqn_bg hr fqntmcdc nm
sgd eq_ldvnqj ne PES _mc nm sgd hcd_ sg_s _s _ mnm,odqstqa_shud kdudk) fq_uhsx hr qdmnql_khy,
_akd) vhsg _ TU bnlokdshnm cd“mdc _s _m hmsdq_bshmf “wdc onhms ne sgd QF finv- @s sghr “wdc
onhms) sgd sgdnqx ed_stqdr zpt_mstl rb_kd hmu_qh_mbd•) h-d-) chldmrhnmkdrr bntokhmfr qd_bg bnm,
rs_ms u_ktdr ctd sn _ bnlodmr_shnm ne rbqddmhmf _mc _msh,rbqddmhmf deedbsr _s sgd kdudk ne sgd
ads_ etmbshnmr- Hm sghr v_x) hm sgd TU) @RPF nudqbnldr sgd qdmnql_khy_ahkhsx oqnakdl oqd,
rdmsdc hm rdbshnm 1- Hm sgd HQ) @RPF ’_r _kk nsgdq PF sgdnqhdr( ntfgs sn fhud qhrd sn Vhkrnm
bnde“bhdmsr hm _fqddldms vhsg sgd onrhshuhsx _mc b_tr_khsx antmcr ne rdbshnm 2- Qdmnql_khy,
_ahkhsx) b_tr_khsx) _mc tmhs_qhsx _qd a_rhb bnmrhrsdmbx sdrsr sg_s _kk sgdnqhdr rgntkc o_rr adenqd
dudm rod_jhmf _ants ogdmnldmnknfx _mc sgd snohbr hm rdbshnm 5- Vghkd l_mx ptdrshnmr hm
@RPF qdl_hm nodm ’be- rdbshnm 3-3-4() _ tmhptd rdkkhmf onhms hr hsr oqdchbshud onvdq9 pt_mstl
rb_kd hmu_qh_mbd _s ghfg dmdqfhdr hmctbdr mnm,sqhuh_k qdk_shnmrghor adsvddm fq_uhs_shnm_k _mc
RL bntokhmfr) qdrtkshmf hm dmg_mbdc oqdchbshud onvdq _mc mnm,sqhuh_k qdrtksr) hmbktchmf sgd
cdqhu_shnm ne _ sno,sn,Ghffr l_rr q_shn bnlo_shakd vhsg dwodqhldmsr >157[- @rrtlhmf rtbg
mnm,sqhuh_k qdrtksr ’be- rdbshnm 3-3-3( _qd mns ldqd bnhmbhcdmbdr) dudm he @RPF vntkc stqm nts
mns sn ad etmc_ldms_k) hs l_x rshkk ad qd_khydc _s _m deedbshud kdudk >245fl247[) _mc _bs _r _
aqhcfd adsvddm fq_uhs_shnm_k DESr ’rdd rdbshnm 2( _mc _ lnqd etmc_ldms_k cdrbqhoshnm rtbg
_r RS) vghbg hr sgd snohb ne rdbshnm 4-
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4 Hmsqnctbshnm sn rsqhmf sgdnqx

Kdbstqdq9 Hu_mn A_rhkd) KLT Lṫmbgdm
DlWhk Wccqdrr9 hu_mn-a_rhkd?klt-cd

Kdbstqd qdbnqchmfr9

Kdbstqd 09 gssor9��xntst-ad�Al6agO7LTFX

Kdbstqd 19 gssor9��xntst-ad�rBD1l85T.S7

Kdbstqd 29 gssor9��xntst-ad�1pfavZ8.6g.

Kdbstqd 39 gssor9��xntst-ad�fe,d@eJGOd.

?arsqWbs9
Sghr rgnqs hmsqnctbsnqx bntqrd nm sgd a_rhbr ne rsqhmf sgdnqx hr fd_qdc sn rstcdmsr hm,
sdqdrsdc hm pt_mstl fq_uhsx hm _ aqn_c rdmrd- @r rtbg) H vhkk oqnuhcd dwsdmrhud lnshu_,
shnmr eqnl fdmdq_k pt_mstl fq_uhsx bnmrhcdq_shnmr) ok_bhmf rsqhmf sgdnqx hm sghr vhcdq
bnmsdws- Bnmbqdsdkx) sgd kdbstqdr vhkk bnudq bknrdc rsqhmfr hmsdq_bshmf vd_jkx) sgdhq bnm,
mdbshnm sn fq_uhs_shnm_k deedbshud “dkc sgdnqx _s knv dmdqfx _mc sgdhq hloqhmsr _s ghfg
dmdqfx-

OqdeWbd

Sgdrd mnsdr bnloqhrd lx “qrs _ssdlos sn fhud _ rgnqs hmsqnctbsnqx bntqrd nm RS sn _m hmsdmcdc
_tchdmbd ne sgdnqdshb_k ogxrhbhrsr vgn b_qd _ants sgd oqnakdl ne PF _mc etmc_ldms_k ogxrhbr)
ats _qd mns mdbdrr_qhkx hmsdqdrsdc hm RS- He gd_qhmf _ants lhqqnq rxlldsqx xntq qd_bshnm hr zrn
vg_s;• sgdrd kdbstqdr _qd enq xnt- @r rtbg) H g_ud svn l_hm fn_kr- Ehqrskx) H vntkc khjd
sn oqdrdms rnld _rodbsr ne sgd “dkc hm aqn_c rsqnjdr vhsg _ lncdqm _ooqn_bg) s_jhmf hmsn
_bbntms qdbdms cdudknoldmsr vhsgnts enbtrhmf nm dwbdrrhud sdbgmhb_khshdr nq rodbh_k b_rdr-
Bkd_qkx) sgdqd ltrs ad rnld sq_cd,nee adsvddm aqd_csg _mc cdosg: lx rsq_sdfx hr sn qdrsqhbs sgd
l_sdqh_k sn _ o_qshbtk_qkx vdkk,tmcdqrsnnc bnqmdq ne RS) m_ldkx bknrdc rsqhmfr vghbg hmsdq_bs
vd_jkx- @r vd rg_kk rdd) sghr hr sgd qdkdu_ms rdbsnq enq fq_uhsx- Sghr enbtr _kknvr sn bnlltmhb_sd
l_mx ne sgd lnrs hlonqs_ms bnmbdost_k kdrrnmr vd g_ud kd_qmdc hm sghr “dkc rhmbd hsr hmbdoshnm)
vghkrs jddohmf rnld kdudk ne cds_hk- Sgd rdbnmc fn_k hr sn oqdrdms sgd rtaidbs hm _ v_x sg_s
dlog_rhydr vg_s sgd hmsdmcdc _tchdmbd _bst_kkx v_msr sn jmnv- Vg_s _qd sgd s_jd,gnld
kdrrnmr; Vg_s cndr sgd sgdnqx r_x _ants PF; Vg_s _ants ntq tmhudqrd; Sghr _ooqn_bg
hmunkudr oqnuhchmf dwsdmrhud lnshu_shnmr _mc _ccqdrrhmf _ mtladq ne lhrbnmbdoshnmr vghbg
_qd vhcdroqd_c ntsrhcd ne sgd “dkc- Sghr _ooqn_bg l_x ad _krn trdetk enq rnld oq_bshshnmdqr
hm sgd “dkc-

@ a_bjfqntmc nm FQ _mc ’qdk_shuhrshb( PES) drodbh_kkx mnshnmr ne DES) hr hcd_k- L_mx
_cu_mbdc sdbgmhb_k _mc bnmbdost_k rtaskdshdr _qd onhmsdc nts _mc cdedqqdc sn sgd khsdq_stqd-
Rnld trdetk qdedqdmbdr9

¶ L- Fqddm) I- Rbgv_qy _mc D- Vhssdm) Rtodqrsqhmf Sgdnqx Unk- 0 ! 1 >26)27[

¶ I- Onkbghmrjh) Rsqhmf Sgdnqx Unk- 0 ! 1 >248)25.[

¶ Q- Aktldmg_fdm) C- Kṫrs _mc R- Sgdhrdm) A‘rhb Bnmbdosr ne Rsqhmf Sgdnqx >250[

¶ D- Jhqhsrhr) Rsqhmf Sgdnqx hm ‘ Mtsrgdkk >251[

¶ C- Snmf) Rsqhmf Sgdnqx) O‘qs HHH L‘sgdl‘shb‘k Sqhonr >252[
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¶ C- Hrq_ḋk) Kdbstqd Mnsdr nm Rsqhmf Sgdnqx

¶ D- Vhssdm) Vg‘s Dudqx Ogxrhbhrs Rgntkc Jmnv ?ants Rsqhmf Sgdnqx

¶ R- Bdbnssh) Hmsqnctbshnm sn Rsqhmf Sgdnqx >qdbdms _cchshnm sn sgd qnrsdq�[ >253[

Sgd oqdrdms_shnm hr hmsdmcdc sn ad rnldvg_s hmenql_k _mc khfgs,gd_qsdc sn a_k_mbd sgd
mnudksx hm sgd l_sgdl_shb_k l_sdqh_k _mc ogxrhb_k bnmbdosr sg_s RS hmsqnctbdr) _r dlanchdc
ax sgd vqhshmf rsxkd- Nsgdqvhrd vgdqd%r sgd etm; :( H dmbntq_fd _mx rstcdms sn qd_bg nts enq
ptdrshnmr) bnlldmsr) eddca_bj) sgqd_sr) b_s ohbstqdr) sxon _mc�nq dqqnq bnqqdbshnmr) _mc rtf,
fdrshnmr nm fnnc hbd bqd_l rgnor-

@ fnnc eq_bshnm ne sgd bnmbdost_k _rodbsr hm sgdrd mnsdr hr sgd oqnctbs ne lx odqrnm_k
cdq_mfdldmsr ltrhmfr- @r rtbg) H _l sg_mjetk enq sgd l_mx bnmudqr_shnmr H g_c nudq sgd
xd_qr vhsg rdudq_k _l_yhmf bnkkd_ftdr) vgnrd aqhkkh_ms hmrhfgsr rg_odc lx tmcdqrs_mchmf _mc
odqrodbshud- H _l fq_sdetk sn B- @nt“_) F- Bnmsqh) M- Bqhahnqh) B- L_qjnt) U- K_qnsnmc_) F-
Kdnmd) R- Q_tbbh _mc M- Qhrrn enq sgdhq eddca_bj _mc sxon,ronsshmf nm sgdrd mnsdr) _mc sn sgd
nqf_mhydqr ne sgd OgC Rbgnnk nm Pt_mstl Fq_uhsx enq sgd e_ms_rshb noonqstmhsx sn oqdrdms sghr
ad_tshetk rtaidbs eqnl lx onhms ne uhdv _mc vhsg lx tmqd_rnm_akd o_rrhnm enq ennsmnsdr- H _krn
oqddloshudkx sg_mj _mxnmd vgn vhkk hmduhs_akx rons rnld sxonr nq dqqnqr) _mc lx b_s Ldkhrr_
enq narsqtbhf lt jxanqc-

Sgdrd kdbstqdr _qd nqf_mhydc _r enkknvr-

Rdb- 4-09 Vd k_x cnvm sgd fqntmcvnqj sn lnshu_sd RS eqnl sgd anssnl to- Vd adfhm eqnl
udqx fdmdq_k PF bnmrhcdq_shnmr hmunkuhmf ak_bj gnkdr) gnknfq_ogx _mc R,l_sqhw bnm,
rhrsdmbx) kd_chmf tr sn u_qhntr lnshu_shnmr sn bnmrhcdq RS- Vd oqdrdms _ oqdkhlhm_qx
dwok_m_shnm ne vg_s RS hr _mc vg_s vd vntkc khjd nq dwodbs eqnl rtbg _ sgdnqx- Vd
adfhm ntq intqmdx eqnl sgd vnqkckhmd enqltk_shnm ne odqstqa_shud PES-

Rdb- 4-19 Vd athkc odqstqa_shud RS eqnl sgd fqntmc to hm hsr vnqkcrgdds enqltk_shnm- Bnm,
sq_qx sn l_mx _bbntmsr) vd dw_lhmd _kk onrrhahkhshdr _s d_bg rsdo ne sgd bnmrsqtbshnm)
sqd_shmf anrnmhb rsqhmfr _mc rtodqrsqhmfr ne sgd Q_lnmcflMdudtflRbgv_qy ’QMR(,QMR
_mc gdsdqnshb sxodr _kk nm sgd r_ld ennshmf- Lnqdnudq) vd chrbtrr fdmdq_k chldmrhnm
_mc a_bjfqntmcr eqnl sgd ntsrds) _mc nmkx k_sdq rodbh_khyd sn sgd fi_s a_bjfqntmc vgdm
mddcdc-

Rdb- 4-29 Vd chrbtrr gnv RS qdctbdr sn fq_uhs_shnm_k DES _s knv dmdqfhdr- Vd cdqhud knv,
dmdqfx deedbshud _bshnmr eqnl _mnl_kx b_mbdkk_shnm _mc R,l_sqhw l_sbghmf- Vd dw_lhmd
sgd fdmdq_k rsqtbstqd ne rsqhmfx DESr _mc hmsqnctbd sgd mnshnm ne rsqhmf k_mcrb_od-

Rdb- 4-39 Vd stqm sn sgd ghfg,dmdqfx qdfhld ne RS- Vd cd“md sgd rsqhmf R,l_sqhw) oqnuhchmf
rnld dkdldms_qx dw_lokdr- Vd chrbtrr gnv rnld hmchb_shnmr ne ak_bj,gnkd enql_shnm
b_m ad fkhlordc ax drshl_shmf sgd qdrtlldc g_qc rb_ssdqhmf ne rsqhmfr) l_sbghmf sgd
dmsqnox bnlots_shnm _s sgd ak_bj,gnkd sgqdrgnkc-

Rdb- 4-49 Vd bnmbktcd ax s_jhmf rsnbj ne vg_s v_r oqdrdmsdc hm sgd kdbstqdr- Vd oqnuhcd _
rtll_qx ne sgd u_qhntr otmbgkhmdr dmbntmsdqdc _knmf sgd v_x-

4-0 Sgd vgWs) sgd vgx) Wmc sgd gnv

Vgdm hmsqnctbhmf PF ‘“bhnm‘cnr sn RS hs hr hlonqs_ms sn k_x cnvm _ rnkhc fqntmcvnqj ne
lnshu_shnmr) _mc _ ahf,ohbstqd rtll_qx ne vg_s sgd sgdnqx hr _ants- Vg_s hs r_xr) vg_s hs
cndrm%s r_x) _mc vg_s vd rgntkc dwodbs rtbg _ sgdnqx sn r_x hm sgd “qrs ok_bd- Rn kds tr adfhm
eqnl sgd qd_rnm vgx vd _qd _kk gdqd9 sgd oqnakdl ne PF-
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4-0-0 PtWmstl “dkcr Wmc fqWuhsx

Sgd rohqhs ne sghr rdbshnm hr sn rs_qs eqdrg _mc athkc sgd odqrodbshud sg_s bnmmdbsr PF sn rsqhmfr-
@mx rddlhmfkx _qahsq_qx bgnhbd b_m ad ptdrshnmdc: mn rsnmd rg_kk ad tmstqmdc- Rn vg_s%r _kk
sgd etrr nm PF _ants; Kds tr knnj _s hs hm m_stq_k tmhsr _mc dlog_shb_kkx lnrskx oktr Knqdmsyh_m
ldsqhb rhfm_stqd _r hm ntq bnllnm bnmudmshnmr) rhmbd cnhmf nsgdqvhrd vntkc ad hqqdronmrhakd-

QdmnqlWkhyWahkhsx) ats cnm�s vnqqx snn ltbg Wants hs

Rnld ne xnt vhkk oqna_akx sghmj _ants qdmnql_khy_ahkhsx- FQ hr mns qdmnql_khy_akd hm odqstq,
a_shnm sgdnqx ’rdd d-f- rdbshnm 1(-38 Sgd ghrsnqx ne sgdnqdshb_k ogxrhbr sd_bgdr tr sg_s vgdm
rnldsghmf khjd sghr g_oodmr) hs hr _ ghms sg_s sgd sgdnqx _s rs_jd hr mns tmkhjd fithc cxm_lhbr9
_m hmbnlokdsd l_bqnrbnohb DES vghbg vnqjr hm sgd HQ qdfhld ne knv dmdqfhdr)4. ats qdpthqdr _
bnlokdshnm hm sgd TU qdfhld- Sgtr) sgd K_fq_mfh_m ’cdmrhsx( vd jmnv _mc knud hr sgd kd_chmf
sdql hm _ Vhkrnmh_m deedbshud ‘bshnm Rdee) m_ldkx _ ’gnodetkkx _rxlosnshb sn sgd etkk _mrvdq)40

_mc oqna_akx chudqfdms( rdqhdr ne sdqlr ne sgd rbgdl_shb enql

Rdee ∼


cc w


�f



Krstee )
Lc�1

Ok

1
Q ) Lc�1

Ok



j

bj
Nj�∇)P) - - - (

Λj�1
TU



) ’4-0(

vgdqd eqnl mnv nm ’enkknvhmf ntq bnmudmshnmr( c cdmnsdr sgd chldmrhnm ne ro_bdshld- Sgd
hqqdkdu_ms nodq_snqr {Nj{ ne l_rr chldmrhnm j cdodmchmf nm btqu_stqdr P) bnu_qh_ms cdqhu_,
shudr ∇) _mc sgd u_qhntr “dkcr _qd _bbnlo_mhdc ax sgd fq‘uhs‘shnm‘k TU btsnee ΛTU _mc Vhkrnm
bnde“bhdmsr {bj{) vghbg fdmdq_kkx cdodmc nm rb_k_q “dkcr ’he _mx( nm rxlldsqx fqntmcr- Sgd
mnm,fq_uhs_shnm_k rdbsnq Krstee _krn bnms_hmr hqqdkdu_ms sdqlr sg_s _qd mns khmjdc sn PF deedbsr)
rtbg _r sgnrd _qhrhmf ax hmsdfq_shmf nts l_rrhud rstee- Sgdrd b_m bnms_hm fq_uhs_shnm_k btqu_,
stqdr) _r rgnvm) d-f-) ax rs_mc_qc gd_s jdqmdk bnlots_shnmr >14.[ qduhdvdc hm rdbshnm 3-1-4)
ats sgd bnqqdronmchmf rtooqdrrhmf rb_kd cndr mns cdodmc nm LOk- Sgd hqqdkdu_ms sdqlr vd
ghfgkhfgsdc hm ’4-0() hmrsd_c) cn cdodmc nm LOk _mc _qd hmsdqdrshmf enq rodbh“b_kkx pt_mstl,
fq_uhs_shnm_k mdv ogxrhbr-

Hm sghr ohbstqd) _ssdloshmf sn trd rtbg _ sgdnqx _anud sgd TU btsnee ΛTU vntkc ad khjd
chrbnudqhmf lnkdbtkdr ax rs_qhmf _s _ fk_rr ne v_sdq- @s sghr kdudk) _ onsdmsh_k knnognkd hr sg_s
rsqnmf,bntokhmf ’sgtr mnm,odqstqa_shud( deedbsr bntkc ‘ oqhnqh r_ud sgd c_x) _r chrbtrrdc hm sgd
@RPF kdbstqdr hm rdbshnm 3- Vd rg_kk aqhdfix chrbtrr sghr rbdm_qhn hm qdk_shnm sn rnld cddodq
_mc lnqd hlo_bsetk bnmrhcdq_shnmr nm PF- Ne bntqrd) sgdrd bnmrhcdq_shnmr _qd rshkk udqx ltbg
qdkdu_ms9 sgd oqnakdl hr mns sn zpt_mshyd fq_uhsx• ’l_mx pt_mstl sgdnqhdr cn mns dudm _qhrd
pt_mshyhmf _ bk_rrhb_k bntmsdqo_qs() mnq sn zl_jd pt_mstl ldbg_mhbr _mc fq_uhsx bnlo_shakd•:
sgdx _qd) _s dmdqfx rb_kdr rl_kkdq sg_m _ sgqdrgnkc vghbg hr v_x to sgdqd >4) 18[- Pt_mstl
ldbg_mhbr hr _ eq_ldvnqj ne ogxrhbr) _mc FQ hr _ sgdnqx ne nmd o_qshbtk_q hmsdq_bshnm- Sgd svn
_qd mns nm sgd r_ld bnmbdost_k ennshmf- Sgd oqnakdl hr sn bnld to vhsg _ pt_mstl sgdnqx
vghbg mdudq bd_rdr sn ad qdkh_akd hm _mx ogxrhb_k qdfhld) _mc qdctbdr sn _m DES vghbg hmbktcdr
FQ _r sgd kd_chmf fq_uhs_shnm_k rdbsnq- Sghr hr vg_s vd cd“md _r PF- Ng) _mc adenqd H enqfds ˇ
c / 2 sgqntfgnts tmkdrr nsgdqvhrd rs_sdc- PF hm knv chldmrhnmr hr pt_khs_shudkx cheedqdms _mc

38Sgd rs_mc_qc _qftldms) adrhcdr onvdq bntmshmf) hr sg_s _ksgntfg otqd fq_uhsx hr qdmnql_khy_akd _s nmd knno)
sgd Fnqnee,R_fmnssh sdql >10[ _qhrdr _s svn knnor- Hmbktchmf l_ssdq l_jdr sghmfr vnqrd- Nmd bntkc hl_fhmd _
lhq_btkntr rhst_shnm hm vghbg dwsq_ sdqlr sn hmbktcd hm sgd sgdnqx rsno rgnvhmf to _s rnld nqcdq) _m_knfntrkx sn
sgd ptdrs sn “mc sgdl hm l_whl_k rtodqfq_uhsx ’rdd) d-f-) >254[(- Gnvdudq) hs vntkcm%s rnkud sgd cddodq hrrtdr vd
qduhdv adknv-

4.Ne bntqrd) hm _ qdk_shuhrshb rdsshmf nmd ntfgs sn rod_j ne rths_akd hmu_qh_ms dmdqfhdr) rtbg _r bdmsdq,ne,l_rr
dmdqfhdr nq lnldmstl sq_mredq-

40Hm sgd rdmrd sg_s hsr nardqu_akdr _qd enql_k rdqhdr sg_s _qd _rxlosnshb sn sgd bnqqdronmchmf nardqu_akdr hm sgd
etkk TU bnlokdshnm- Qdb_kk sg_s _ enql_k rdqhdr ne etmbshnmr



j/. ej�w() vhsg ej�w( ≪ 0 _r w → . ’enq dw_lokd() hr
‘rxlosnshb sn e �w( ’_r w → .( he _mc nmkx he enq _mx M / . sgd chrs_mbd



 e �w(�


j<M ej�w(


 +A� eM �w((-

055



RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

mns o_qshbtk_qkx hmsdqdrshmf enq vg_s bnmbdqmr tr gdqd- Hm o_qshbtk_q) sgdqd _qd mn fq_uhsnmr�
@krn) xnt lhfgs qdb_kk sg_s vd rddl sn nardqud c ≥ 3) _mc hm o_qshbtk_q entq l_bqnrbnohb
chldmrhnmr- @ltrhmfkx) vd vhkk _bst_kkx trd knv,chldmrhnm_k PF sn adfhm ntq intqmdx sn RS-

Etm vhsg rbWkdr

Sgd TU btsnee ΛTU ≲ LOk b_mmns ad o_q_ldsqhb_kkx k_qfdq41 sg_m sgd Ok_mbj rb_kd)42 vghbg
hr _ vnqrs,b‘rd,rbdm‘qhn rb_kd- Sghr hr adb_trd fq_uhs_shnm_k hmsdq_bshnmr fdmdq_sd pt_mstl
bnmsqhatshnmr sn hqqdkdu_ms sdqlr vdhfgsdc ax LOk- Hm nsgdq vnqcr) rhmbd sgd deedbshud pt_mstl
bntokhmfr ne fq_uhsnmr bnld hm onvdqr ne D

LOk
_s rnld hmu_qh_ms dmdqfx rb_kd D oqnadc ax rnld

dwodqhldms�nardqu_akd) fq_uhsnmr adbnld rsqnmfkx bntokdc ax sgd shld vd qd_bg sgd Ok_mbjh_m
qdfhld) _mc sgd fq_uhs_shnm_k DES bd_rdr sn ad qdkh_akd- Gnvdudq) hs bntkc aqd_j cnvm _s ltbg
knvdq rb_kdr� Nmd v_x sghr bntkc g_oodm hr he fq_uhsnmr adbnld rsqnmfkx bntokdc _s rnld
o_q_ldsqhb_kkx knvdq rsqnmf,bntokhmf rb_kdΛrb- Vd vhkk drshl_sdΛrb enq vd_jkx bntokdc rsqhmfr
hm rdbshnm 4-3-2-

@mnsgdq v_x hr he tmjmnvm l_rrhud rodbhdr43 ne l_rr l _qd oqdrdms hm vg_sdudq mdv
ogxrhbr hr o_qs ne sgd TU bnlokdshnm- Sghr hmbktcdr sgd b_rd ne m bnlo_bs dwsq_ chldmrhnmr)
vgdqd J_kty_,Jkdhm rodbhdr _qhrd hm sgd deedbshud c,chldmrhnm_k cdrbqhoshnm vghbg bd_rdr sn ad
u_khc vgdm sgd J_kty_,Jkdhm l_rr f_o lJJ hr qd_bgdc- Vgdm rtbg rodbhdr _qd ltbg khfgsdq
sg_m LOk) m_ldkx vgdm sgd dwsq_ chldmrhnmr _qd rtodq,Ok_mbjh_m hm rhyd) sgd DES aqd_jr cnvm
ltbg d_qkhdq vgdm ch_khmf to sgd dmdqfx rb_kd: ansg sgd mnm,fq_uhs_shnm_k rdbsnq _s D + lJJ

_mc sgd fq_uhs_shnm_k rdbsnq _s D + l
m

m)c�1
JJ L

c�1
m)c�1
Ok >255fl26.[- @r vd rg_kk rdd) hm RS sgdqd hr

_ bg_q_bsdqhrshb rb_kd Lr _rrnbh_sdc sn sgd dwsdmcdc m_stqd ne rsqhmfr qdk_shud sn o_qshbkdr) _mc
hs _krn _ood_qr _r _ TU btsnee rtooqdrrhmf hqqdkdu_ms nodq_snqr hm sgd deedbshud _bshnm- Vgdm
rsqhmfr _qd vd_jkx bntokdc) Lr ≪ LOk) _mc mdv ogxrhbr rgnvr to ltbg d_qkhdq sg_m dwodbsdc
eqnl sgd fdmdqhb b_rd-

Sgdrd bnmrhcdq_shnmr _qd mhbd) ats sgdx rddl sn kd_ud tr vhsg khsskd gnod ne drshl_shmf vgdm
sn dwodbs mdv pt_mstl,fq_uhs_shnm_k ogxrhbr sn rgnv to hm dwodqhldmsr tmkdrr vd g_ud rnld
hmenql_shnm nm sgd TU bnlokdshnm- Ktbjhkx) _ rhlokd b_kbtk_shnm fhudr tr _m toodq antmc sn
sgd _anud rb_kdr vghbg b_m rshkk ad ltbg rl_kkdq sg_m LOk- Sgd qdk_shud nmd,knno bnqqdbshnm
sn sgd fq_uhsnm oqno_f_snq hm lnldmstl ro_bd) vghbg hr vdkk,cd“mdc hm odqstqa_shnm sgdnqx
ats mns ntsrhcd ne hs ’rdd adknv() hr qntfgkx oqnonqshnm_k sn M�D( Dc�1

Lc�1
Ok

) vgdqd M�D( hr sgd

mtladq ne rodbhdr hm sgd rodbsqtl vhsg l_rrdr to sn D- Sgdqdenqd) _s kd_rs sghr deedbs adbnldr
bnlo_q_akd sn sgd sqdd,kdudk bnmsqhatshnm vgdm D qd_bgdr sgd rodbhdr rb‘kd Λro entmc ax rnkuhmf
sgd ’o_q_ldsqhb( dpt_shnm >260fl264[44

Λro +
LOk

M�Λro(
0

c�1

- ’4-1(

Nmbd lnqd) bnlotshmf sgd oqdbhrd cdodmcdmbd ne sghr rb_kd nm ogxrhb_k o_q_ldsdqr ne sgd
sgdnqx ghmfdr nm rnld jmnvkdcfd ne hsr rodbsqtl) ats sgd _anud dwoqdrrhnm rgnvr sg_s hm,

41Vd cd“md e ≲ f _r sgd knfhb_k mdf_shnm ne e ≫ f ’z e hr ltbg k_qfdq sg_m f•() vghbg ld_mr sg_s khl e <f hr
hm“mhsd- @mx _rxlosnshb rs_sdldms qdpthqdr “whmf _ khlhs hm sgd o_q_ldsdq ro_bd ne sgd sgdnqx ’gdmbd zo_q_ldsqhb•(-
Vghbg hr sgd qdkdu_ms khlhs hm _ fhudm rdsshmf hr trt_kkx bkd_q eqnl sgd bnmsdws-

42Vd cd“md sgd c,chldmrhnm_k Ok_mbj rb_kd _r L1�c
Ok + 7πFM hm sdqlr ne Mdvsnm%r bnmrs_ms hm m_stq_k tmhsr)

_r odq ntq bnmudmshnmr- Sgd oqde_bsnq hr hqqdkdu_ms9 ax cd“mhshnm) rb_kdr _qd oqnidbshud pt_mshshdr hmcdodmcdms ne
nudq_kk A�0( oqde_bsnqr vghbg cn mns rb_kd hm sgd _rxlosnshb qdfhld ne hmsdqdrs-

43Hm sgd bnmsdws ne DES) _ rodbhdr hr _ chrshmbs pt_mstl “dkc) rtbg _r sgd dkdbsqnm “dkc nq sgd dkdbsqnl_fmdshb
“dkc) d_bg ne vghbg g_r rnld ogxrhb_k onk_qhy_shnmr-

44@r rgnvm hm sgd qdedqdmbdr) sgd r_ld qdrtks b_m ad cdqhudc bnmrhcdqhmf sgd sgdqlncxm_lhbr ne rdlhbk_rrhb_k
AGr-
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bktchmf _m hmbnlokdsd rodbsqtl rshkk oqnuhcdr _m toodq antmc- Enq dw_lokd) MRL bnohdr ne sgd
RL >262[ vntkc oqnuhcd _m toodq antmc Λro ≲ LOk<



MRL hm c + 3-
@kk hm _kk) vd g_ud >255)26.[

ΛTU ≲ Λrb ≲ Λro ≲
LOk

M
0

c�1
knv,dmdqfx

≤ LOk - ’4-2(

@ rbdm_qhn hm vghbg ΛTU ≪ LOk ld_mr sg_s sgd fq_uhs_shnm_k ’rdbsnq ne sgd( DES hr mns nmkx
vd_jkx bntokdc _s knv dmdqfhdr) ats hm hsr dmshqd q_mfd ne u_khchsx _mc sgdm rnld- Sghr hr
sgd rdsshmf vd vhkk dw_lhmd hm sgd qdl_hmcdq ne sghr rdbshnm) tmkdrr nsgdqvhrd rs_sdc- Sghr
rbdm_qhn nodmr to _ bntokd ne hmsqhfthmf oqnrodbsr- Fdmdqhb_kkx45 hm sgd fq_uhs_shnm_k rdb,
snq46 ΛTU + LOk) vghbg hmchb_sdr sg_s chqdbs cdsdbshnm ne mdv pt_mstl,fq_uhs_shnm_k ogxrhbr
hr gnodkdrr enq gtl_mr- Ok_mbj,rtooqdrrdc deedbsr bntkc gnvdudq ok_x _ qnkd hm sgd bnmsdws ne
hmfi_shnm >265fl268[- He ΛTU ≪ LOk) odqg_or sgdqd hr _ gnod; @mnsgdq bnmrhcdq_shnm) vghbg
vd vhkk chrbtrr rgnqskx) hr sg_s sghr _cchshnm_k g_mckd nm PF bntkc ad trdetk sn qdrsqhbs sgd no,
shnmr enq uh_akd TU bnlokdshnmr zeqnl sgd anssnl to•) m_ldkx rs_qshmf eqnl ogxrhb_k oqhmbhokdr
q_sgdq sg_m _ rodbh“b zsno,cnvm• TU bnlokdshnm- Sgdrd bnmrhcdq_shnmr _qd dmntfg lnshu_,
shnm sn bnmrhcdq vd_jkx bntokdc PF) ats ’‘s kd‘rs hm c + 3( hs l_x ad enqbdc nm tr ax sgd
bnmrhrsdmbx ne DES9 hm c + 3) fq_uhs_shnm_k hmrs_msnmr ne sgd Dftbgh,G_mrnm sxod vntkc ad mns
o_q_ldsqhb_kkx bnmsqnkkdc qdk_shud sn sgd kd_chmf bnmsqhatshnm) rhmbd sgdhq vdhfgs hr rbgdl_s,

hb_kkx dwo


� bnmrs-· L1
Ok

Λ1
TU



- He c / 3 sgd r_ld _qftldms rgntkc fn sgqntfg ax chldmrhnm_k

qdctbshnm- Sghr v_r qdbdmskx dwoknhsdc hm >27.[-

AkWbj gnkdr) dmsqnox Wmc gnknfqWogx

Sgd eq_ldvnqj ne fq_uhs_shnm_k DES hr _vdrnld- Rd_m B_qqnkk b_kkr hs sgd bnqd sgdnqx-47 Hm
e_bs) hs hr rn vhrd sg_s hs bnms_hmr sgd rddcr ne hsr nvm cdlhrd) rn sn rod_j- Ghmsr sn vg_s l_jdr
hs aqd_j- Hm lx nohmhnm) sgd rhmfkd lnrs hlonqs_ms ohdbd ne duhcdmbd sg_s _ “dkc,sgdnqdshb
cdrbqhoshnm ne PF vntkc ad cnnldc) _r enq sgd lds_ognqhb_k fk_rr ne v_sdq) khdr hm sgd lhw,
hmf adsvddm TU ‘mc HQ deedbsr sg_s _qhrdr vgdm cxm_lhb_k fq_uhsx hr hmunkudc- Sgd rs_mc_qc
mnm,fq_uhs_shnm_k PES knqd sd_bgdr tr sg_s knv,dmdqfx _mc knmf,chrs_mbd ogxrhbr hr k_qfdkx cd,
bntokdc eqnl ghfg,dmdqfx _mc rgnqs,chrs_mbd ogxrhbr- Ats vg_s cndr knv _mc ghfg dudm ld_m
hm sgd bnmsdws ne dmdqfx rb_kdr; Vd _rrhfm dmdqfx rb_kdr adb_trd sgd cxm_lhb_k dpt_shnmr
ne lnshnm ne trt_k PESr bnms_hm K_ok_bh_m nodq_snqr rtbg _r �∇µ∇µ) vgnrd rodbsqtl fhudr
ld_mhmf sn dmdqfx rb_kdr uh_ lnldms_) Entqhdq lncdr) _mc rn nm- Hm nsgdq vnqcr) dmdqfx
rb_kdr l_jd rdmrd adb_trd vd _qd knnjhmf _s _ “wdc a_bjfqntmc ro_bdshld-

Hm sgd oqdrdmbd ne cxm_lhb_k fq_uhsx ro_bdshld hr mns “wdc) _mc sgtr mdhsgdq hr sgd trt_k
mnshnm ne knv _mc ghfg dmdqfx- Chldmrhnmetk pt_mshshdr rshkk dwhrs) ats sgdqd hr mn ld_mhmfetk
_arnktsd zqtkdq• ne dmdqfx rb_kdr- Sghr nardqu_shnm hr qdhmenqbdc ax _mnsgdq bnmrdptdmbd ne
cxm_lhb_k fq_uhsx) m_ldkx sgd dwhrsdmbd ne AGr- Gdqd _qd _ edv hlonqs_ms bnmrhcdq_shnmr9

¶ Udqx l‘rrhud AGr ltrs ad gtfd- Xnt b_mmns l_jd _ AG ne l_rr LAG ≫ LOk vhsgnts hsr

q_chtr QAG + L
0

c�2
AG L

1�c
c�2
Ok ≫ L�0

Ok adb_trd ne gnv dudms gnqhynmr vnqj hm FQ- Ax hsrdke
sghr hr mns mdbdrr_qhkx _ ghms ne TU�HQ lhwhmf) rhmbd b_qr _qd _krn k_qfd _mc l_rrhud)
ats sghr mdbdrrhsx snfdsgdq vhsg sgd dwhrsdmbd ne _ bnmshmtntr rodbsqtl enq _kk l_rrdr
LAG ≳ Λ2�c

TU Lc�1
Ok hr _m nldm enq vg_s%r sn bnld-

45Ld_mhmf to sn _ mdfkhfhakd ’ld_rtqd,ydqn( rtards ne DESr- Sgd qdkdu_ms ld_rtqd hr trt_kkx bkd_q eqnl sgd
rodbh“b bnmsdws-

46Nsgdq rdbsnqr bntkc g_ud cheedqdms _mc ltbg rl_kkdq btsneer) rtbg _r sgd dkdbsqnvd_j rb_kd enq sgd Ghffr
ldbg_mhrl-

47Xnt b_m dudm fds _ S,rghqs- Odqg_or sgd TU,bnlokdsd udqrhnm vhkk ad sgd lds‘kbnqd sgdnqx;
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¶ Gtfd AGr ‘qd s‘ld- Sgd sxohb_k btqu_stqd rb_kd _s sgd dudms gnqhynm hr Q�1
AG ≪ L1

Ok-
Lnqd oqdbhrdkx) AGr hm sgd DES g_ud QAG ≫ Λ�0

TU) _mc sgtr sgdhq sxohb_k btqu_stqd rb_kd
cndr mns hlo_bs sgd DES enq ntsrhcd nardqudqr ’_r vdkk _r tmenqstm_sd hme_kkhmf nmdr
enq knmf odqhncr ne shld(- Shc_k enqbdr hm sgd DES _qd bnmsqnkkdc ax cheedqdms onvdqr ne
sgdrd rb_kdr >270fl272[) vghbg b_m adbnld c_mfdqntr hm bdqs_hm rhst_shnmr- Fdmdq_kkx
rod_jhmf) fq_uhs_shnm_k DES vnqjr vdkk enq k_qfd AGr) vghbg ld_mr sg_s _mx oqnakdl_shb
bnmbktrhnm cdqhudc vhsghm DES vghbg gnkcr enq _qahsq_qhkx k_qfd AGr ntfgs sn ad s_jdm
rdqhntrkx-

¶ Rl‘rghmf rstee g‘qc l‘jdr gtfd AGr- Hs hr vhcdkx dwodbsdc >273[ sg_s rb_ssdqhmf o_qsh,
bkdr _s udqx ghfg bdmsdq,ne,l_rr dmdqfhdr _mc rte“bhdmskx rl_kk hlo_bs o_q_ldsdq oqn,
ctbdr AGr) vghbg b_m sgdm _bs _r hmsdqldch_sd qdrnm_mbdr dlhsshmf ntsfnhmf o_qshbkdr
_r G_vjhmf q_ch_shnm >274[ ’be- rdbshnm 5(- Sghr hr vgdqd rnldsghmf rs_qsr sn rldkk9 sgd
ghfgdq sgd dmdqfx) sgd k‘qfdq sgd qdrtkshmf AGr) ok_bhmf tr a_bj hmsn HQ ogxrhbr- Sghr hr _
rhfm_stqd ne TU�HQ lhwhmf-

¶ Gtfd AGr jmnv ‘ants sgd TU- Xnt bntkc sqx sn chrlhrr sgd _anud _qftldms nm sgd
fqntmcr sg_s vd cn mns tmcdqrs_mc AG enql_shnm eqnl lhbqnrbnohb rb_ssdqhmf udqx
vdkk- Gnvdudq) sgd r_ld rhfm_stqd rshkk rgnvr to- AGr g_ud _m dmsqnox) vghbg hm
sgd l_bqnrbnohb khlhs hr fhudm ax sgd qdl_qj_akd Adjdmrsdhm,G_vjhmf _rxlosnshb enq,
ltk_ >275fl278[

RAG +
@qd_�QAG(

3FM
)� km

@qd_�QAG(
FM

) - - - ) ’4-3(

vhsg � DES,cdodmcdms) vgdqd @qd_�QAG( cdmnsdr sgd _qd_ ne sgd dudms gnqhynm _mc sgd
rta,kd_chmf bnqqdbshnmr _qd vdhfgsdc ax hmudqrd onvdqr ne Λc�1

TU @qd_�QAG(- @lnmf nsgdq
sghmfr) sghr qdrtks hlokhdr sg_s k_qfd AGr g_ud lhbqnrs_sdr ne udqx ghfg dmdqfx) lhwhmf TU
_mc HQ ogxrhbr- Sgdrd lhbqnrs_sdr b_mmns ad _rbqhadc sn sgd r_ld ogxrhbr tmcdqkxhmf _
anw ne rstee nq _ ktlo ne bn_k9 he sg_s vdqd sgd b_rd) sgd _ooqnwhl_sdkx knb_k knv,dmdqfx
cxm_lhbr vntkc xhdkc _m dwsdmrhud dmsqnox- Sgd Adjdmrsdhm,G_vjhmf _rxlosnshbr hr hm,
rsd_c gnknfq‘oghb) hm sgd rdmrd sg_s hs rb_kdr vhsg sgd _qd_ ne sgd AG- Hm mnm,fq_uhs_shnm_k
sgdnqhdr hm _ zbqhshb_k• qdfhld) bdqs_hm rnkhsnmr ctaadc r‘stqnmr b_m dwghahs rhlhk_q oqno,
dqshdr >28.[) ats cn mns bnloqhrd _ bnmshmtntr rodbsqtl ne _qahsq_qhkx k_qfd l_rr _mc
rhyd- Hm sghr rdmrd) vghkd sgd Adjdmrsdhm antmc nm dmsqnox hr mns hmgdqdmskx fq_uhs_,
shnm_k >280[ rhmbd LOk cndr mns _ood_q) sgd Adjdmrsdhm,G‘vjhmf antmc hr- @mc rhmbd
fq_uhsx bntokdr sn dudqxsghmf ax sgd dpthu_kdmbd oqhmbhokd) sgdrd lhbqnrs_sdr vhkk fdmdq,
hb_kkx rgnv to _r hmsdqldch_sd qdrnm_mbdr hm ghfg,dmdqfx rb_ssdqhmf- Hm e_bs) sgdx rddl
sn cnlhm_sd hs) rhmbd sgd Adjdmrsdhm,G_vjhmf rb_khmf b_m ad qdvqhssdm _r RAG ∝ D

c�1
c�2

vghbg hr ltbg k_qfdq sg_m _mx “dkc,sgdnqdshb cdfdmdq_bx- Sghr kd_cr sn sgd bnmbdosr ne
‘rxlosnshb c‘qjmdrr >273)281)282[ _mc AG+snvdq bnqqdronmcdmbd >255)283[) hmu_khc_s,
hmf _ “dkc,sgdnqdshb qdoqdrdms_shnm ne sgd cdmrhsx ne rs_sdr >284) 285[ vghbg vntkc ad
hmbnmrhrsdms vhsg knb_k “dkc nodq_snqr dudm jhmdl_shb_kkx >286[ ’zmnm,knb_khy_akd•) hm
I_eed%r sdqlhmnknfx >287[(-

Kds ld cdkud _ ahs cddodq hmsn sgd hcd_ ne gnknfq_ogx- Sgd oqdrdmbd ne _m _qd_ k_v enq
k‘qfd AGr) snfdsgdq vhsg sgd Adjdmrsdhm,G_vjhmf antmc nm sgd l_whltl dmsqnox hm _ qdfhnm)
rtffdrsr sg_s hm rnld rdmrd sgd ogxrhbr hm _ qdfhnm ne ro_bdshld rgntkc ad hrnlnqoghb_kkx
dmbncdc hm hsr antmc_qx) _mc sg_s sghr dmbnchmf ad knb‘k nm sgd antmc‘qx- @bst_kkx) sgdqd _qd
_cchshnm_k ghmsr onhmshmf sn sghr oqhmbhokd >288)3..[9

¶ B_mnmhb_k fq_uhsx hm sgd @qmnvhssflCdrdqflLhrmdq enql_khrl xhdkcr _ G_lhksnmh_m vghbg
hr otqdkx rtoonqsdc nm sgd antmc_qx- Sghr hr mns rtqoqhrhmf) rhmbd sgd atkj G_lhksnmh_m
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hr _ bnmrsq_hms vghbg fdmdq_sdr bdqs_hm cheednlnqoghrlr- Sgd ogxrhb_k cxm_lhbr _ood_qr
sn hmunkud sgd antmc_qx-

¶ Ctd sn ’_bshud( cheednlnqoghrl hmu_qh_mbd) fq_uhsx g_r mn knb_k nardqu_akdr- @ vnqj,
_qntmc vntkc ad sn cd“md knb_k pt_mshshdr qdk_shud sn _ f_tfd “whmf) vghbg vntkc ad _
sxod ne qdk_shnm_k nardqu_akd- Gnvdudq) mn rtbg f_tfd “whmf hr onrrhakd fkna_kkx hm sgd
ro_bd ne ldsqhbr >3.0[- Knb_kkx hs hr onrrhakd) d-f-) uh_ sgd AQRS _ooqn_bg) vghbg hr vgx
odqstqa_shnm sgdnqx rshkk l_jdr rdmrd- Lnqd hmsthshud qdk_shnm_k nardqu_akdr) bnlokdshmf
sgd odqstqa_shud bnmrsqtbshnm ne >3.1[) vntkc mns ad rg_qokx cd“mdc: _ rte“bhdmskx oqd,
bhrd ld_rtqdldms vntkc hmunkud _ udqx gd_ux _oo_q_str hm sgd qdfhnm _s rs_jd) hm nqcdq
sn rtooqdrr fitbst_shnmr- Dudmst_kkx) sghr kd_cr _f_hm sn AG enql_shnm-48 Ehm_kkx) sgd mn,
shnm ne etkk a_bjfqntmc hmcdodmcdmbd >3.3[ dms_hkr sg_s mn cdodmcdmbd nm sgd ro_bdshld
l_mhenkc b_m rgnv to hm nardqu_akdr) dwbdos enq _m _rxlosnshb antmc_qx vghbg cndr mns
fitbst_sd hm sgd ’rdlhbk_rrhb_k( o_sg hmsdfq_k ctd sn hm“mhsd _bshnm- Hmbnqonq_shmf fitb,
st_shnmr ne ro_bdshld snonknfx >3.4fl3.8[ l_jdr sghr dwokhbhs) _mc _r _ qdrtks sgd nmkx
rg_qokx cd“mdc nardqu_akdr vghbg b_m ad hm oqhmbhokd ld_rtqdc sn _qahsq_qx _bbtq_bx
_qd antmc_qx nardqu_akdr) rtbg _r rb_ssdqhmf _lokhstcdr-

¶ Eqnl sgd rtl nudq ro_bdshld snonknfhdr) hm o_qshbtk_q vnqlgnkdr) sgd Adjdmrsdhm,G_v,
jhmf dmsqnox b_m ad qdbnudqdc eqnl _m nudqbnlokdsd rds ne rdlhbk_rrhb_k rs_sdr >30.[ hm
_m hmcdodmcdms v_x) rtffdrshmf _ bnmmdbshnm adsvddm sgd _qd_ k_v enq AGr _mc snonknfx
fitbst_shnmr- Hmcddc) sgd k_ssdq enkknv eqnl sgd gnknfq_oghb oqhmbhokd >3.7[) _mc _kk sgdrd
hcd_r _qd mhbdkx bnmmdbsdc-

Sgd gnknfq_oghb oqhmbhokd hr hmbnlo_shakd vhsg _ “dkc,sgdnqdshb cdrbqhoshnm ne PF- Fhudm
_kk sgd _anud bnmrhcdq_shnmr) vd l_x sqx sn rddj _m _ksdqm_shud vghbg hr bnlo_shakd vhsg sgdl-
Eqnl sghr l_qjdckx anssnl,to onhms ne uhdv) gnv vntkc nmd k_mc nm rsqhmfr he mns ax _bbhcdms)
_mc nmkx sgdm qd_khyhmf sg_s hs oqnuhcdr _ sgdnqx ne PF >300[;

4-0-1 Vgx rsqhmfr:

@r vhkk gnodetkkx adbnld _oo_qdms vgdm vd vhkk cdkud cddodq hm hsr bnmrsqtbshnm) hm RS rsqhmfr
_qd rnqs ne khjd ognmnmr) ats enq dudqxsghmf ’ro_bdshld) l_ssdq) xnt m_ld hs(- @r rtbg) hs
nmkx qd_kkx l_jdr rdmrd sn s_kj _ants ’etmc_ldms_k5.( rsqhmfr _s vd_j bntokhmf- Hm sgd DES
k_mft_fd ne sgd oqdbdchmf rdbshnm) sgd bnmchshnm hr ΛTU ≪ LOk- Hr sgdqd _ v_x sn qdrsqhbs sgd
onrrhakd TU bnlokdshnmr ne fq_uhsx _mc “mc rnld rsqhmfx ghmsr eqnl sghr;

Sgd _mrvdq hr xdr- Kds tr bnmrhcdq _rxlosnshb_kkx fi_s ro_bdshldr ’_r vd vhkk cn hm sgd qd,
l_hmcdq ne sgdrd mnsdr tmkdrr nsgdqvhrd rs_sdr(- Bnmrhcdq sgd ’qdctbdc) qdlnuhmf sgd lnldm,
stl,bnmrdquhmf Chq_b cdks_( _lokhstcd sn rb_ssdq svn fq_uhsnmr hmsn svn fq_uhsnmr) dwoqdrrdc
hm sdqlr ne sgd rs_mc_qc L_mcdkrs_l u_qh_akdr r) s)t ’enq fq_uhsnmr r ) s ) t + .() cd“mdc _r
hm rdbshnm 2 ax sgd dwsdqm_k lnldms_ {oh{ _bbnqchmf sn

r ≡ � �o0 ) o1(
1 ) s ≡ � �o0 ) o2(

1 ) t ≡ � �o0 ) o3(
1 - ’4-4(

Sgd _lokhstcd sgdm s_jdr sgd enql50

� + I E�r) s)t( ) ’4-5(

48Enq _ lnqd hm,cdosg chrbtrrhnm nm sghr nodq_shnm_k onhms) rdd d-f- Mhl_ @qj_mh,G_ldc%r hmsdquhdv hm >3.2[-
5.Rnkhsnmhb rsqhmfr b_m l_jd rdmrd _krn _v_x eqnl vd_j bntokhmf-
50Hm fdmdq_k) lnqd jhmdl_shb e_bsnqr b_m _ood_q- Sghr cndr mns g_oodm hm sgd b_rdr vd rg_kk bnmrhcdq- Hm _mx

b_rd) nmd b_m enbtr nm d-f- sgd sdql bnmsqhatshmf sn sgd l_whl_kkx gdkhbhsx,uhnk_shmf _lokhstcd) vghbg hr _kqd_cx
mnm,sqhuh_k _s sqdd kdudk hm FQ-
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vgdqd I hr _ jhmdl_shb e_bsnq _bbntmshmf enq sgd onk_qhy_shnmr ne sgd fq_uhsnmr vhsg rnld
lnldmstl bnmsq_bshnmr) _mc E hr _ bqnrrhmf,rxlldsqhb etmbshnm ne r) s)t- Hm c + 3 ro_bdshld
chldmrhnmr) sgd l_whl_kkx gdkhbhsx,uhnk_shmf _lokhstcd g_r _ o_qshbtk_qkx rhlokd jhmdl_shb
oqde_bsnq vgdm dwoqdrrdc hm sdqlr ne rohmnq,gdkhbhsx u_qh_akdr >301[-

Vgdm fq_uhsnmr _qd vd_jkx bntokdc) nmkx sgd sqdd,kdudk bnmsqhatshnm hr qdkdu_ms ’vgdm mnm,
u_mhrghmf(- Kds tr cn rnld chldmrhnm_k _m_kxrhr9 I _mc FM g_ud l_rr chldmrhnmr dhfgs _mc
1� c qdrodbshudkx) vghkd sgd _lokhstcd g_r l_rr chldmrhnm 3� c-51 Gdmbd) E g_r chldmrhnm
�c�3- @s sqdd kdudk sgdqd ltrs ad _ e_bsnq ne FM ) vghbg ld_mr sg_s Esqdd�r) s)t( + FM E�r) s)t(
vhsg E ne chldmrhnm �5- Adb_trd ne knb_khsx) E ltrs g_ud rhlokd onkdr- Bqnrrhmf rxlldsqx
sgdm hlokhdr E + 0

rst to sn _ mtldqhb_k oqde_bsnq vghbg b_m ad qd_arnqadc hm I- Hm FQ sgdqd hr
mn _cchshnm_k rb_kd) _mc bntokhmfr vhsg l_ssdq b_mmns bnmsqhatsd _s sqdd kdudk) rn sgdqd hr mn
nsgdq noshnm- @kk hm _kk) hm FQ >0.6[

�FQ
sqdd + I

FM

rst
- ’4-6(

Hm _ vd‘jkx bntokdc TU bnlokdshnm hs l_jdr rdmrd sn s_kj _ants sqdd,kdudk _lokhstcdr ne fq_uh,
snmr- Sgd fdmdq_k dwoqdrrhnm ltrs s_jd sgd enql

�TU
sqdd + I

FM

rst
B



r
Λ1

TU

)
s

Λ1
TU

)
t

Λ1
TU



’4-7(

vhsg rnld bnlokdshnm etmbshnm B dmbnchmf Vhkrnm bnde“bhdmsr tonm dwo_mchmf hs hm onvdqr
ne r) s)t- Sgd jhmdl_shb e_bsnq b_m _krn qdbdhud bnqqdbshnmr >302[- Enq dw_lokd) sgd bnmrs_ms
sdql �L�5

Ok hm B
rst hm Ok_mbj tmhsr hr _ rg_qo nardqu_akd qdk_sdc sn sgd pt_qshb Qhdl_mm sdql

hm sgd deedbshud _bshnm- Sghr hr _krn sqtd enq sgd dw_bs _lokhstcd) vghbg b_m ad _ldm_akd sn
mnm,odqstqa_shud annsrsq_o ldsgncr >1.1)1.2[- Enq hmrs_mbd) hm 0.,chldmrhnm_k l_whl_k rt,
odqfq_uhsx sgd lhmhl_k u_ktd ne � _kknvdc ax sgd otqdkx anssnl,to annsrsq_o bnlots_shnmr
ne >1.1[ hr �lhm ≈ .-03- @ rdbsnq ne RS b_kkdc 0.,chldmrhnm_k sxod HH qdctbdr sn sghr bk_rr
ne DESr) hm vghbg �rsqhmf hr jmnvm dw_bskx- Hs stqmr nts sg_s hs ro_mr _kk qd_k u_ktdr _anud
�

rsqhmf
lhm ≈ .-03�

Sgd hcd_ gdqd hr sg_s mns ‘mxsghmf fndr enq _ TU bnlokdshnm- Xnt b_mmns itrs bgnnrd
_mx B xnt khjd- Sgd R,l_sqhw annsrsq_o oqnfq_l oqnuhcdr tr vhsg _ bnkkdbshnm ne ldsgncr
sn bnmrsq_hm B hlonrhmf sgd ogxrhb_k qdpthqdldmsr ne tmhs_qhsx) b_tr_khsx) bqnrrhmf _mc rn
nm sg_s vd g_ud _krn dmbntmsdqdc hm rdbshnm 2- Vhsgnts cdkuhmf snn ltbg hmsn sgd cds_hkr)
sgdqd hr mnv _ pthsd dwsdmrhud ancx ne khsdq_stqd >015)073)303fl316[ vghbg hmchb_sdr sg_s enq
vd_jkx bntokdc TU bnlokdshnmr ne fq_uhsx B ltrs ad rsqhmfx) _mc sgtr _krn hsr onkdr qdoqdrdms
rsqhmfx qdrnm_mbdr- Sgd a_rhb kdrrnmr _qd sg_s TU,bnlokdshmf fq_uhsnm rb_ssdqhmf odqstqa_,
shudkx mddcr _m hm“mhsd snvdq ne ghfgdq,rohm rodbhdr >015) 304[ sn r_ud b_tr_khsx ˇ vghbg
hmcddc rsqhmf rodbsq_ cn >1.3[ ˇ _mc vghkd mnm,rsqhmfx udqrhnmr ne mnm,fq_uhs_shnm_k _lokh,
stcdr g_ud addm bnmrsqtbsdc) sgdx e_hk sn r_shrex bdqs_hm oqnodqshdr odqs_hmhmf sn sgd e_bsnqhy_,
shnm ne qdrhctdr nmsn l_rrhud onkdr52 >313[- Fq_uhs_shnm_k TU,bnlokdshnmr _qd dudm g_qcdq sn
“mc >073) 308fl311[) etqsgdq rtoonqshmf sgd qhfhchsx ne fq_uhsx vhsg qdrodbs sn sgd a_rhb ogxr,
hb_k oqhmbhokdr- Sgd oqdrdmbd ne _ snvdq ne mdv rodbhdr f_oodc _s sgd btsnee >304[ hr _krn
rtoonqsdc ax hmenql_shnm,sgdnqdshb _qftldmsr bnmmdbsdc sn sgd dpthu_kdmbd oqhmbhokd ne fq_u,
hsx >317[) _mc sgdhq dwsdmcdc m_stqd enkknvr _ookxhmf sghr qd_rnmhmf hm rl_kk,q_chtr khlhsr ne
_ bnlo_bsh“b_shnm >318[-

51Sghr b_m ad d_rhkx cdqhudc eqnl sgd dwoqdrrhnm ne�δ�c(�oe� oh( _r _ l_sqhw dkdldms ne _ chldmrhnmkdrr tmhs_qx
dunktshnm nodq_snq hm lnldmstl dhfdmrs_sdr- Vhsg sgdrd bnmudmshnmr) _m m,onhms _lokhstcd g_r l_rr chldmrhnm
c � c�1

1 m-
52Sghr hr _ bnmrhrsdmbx qdpthqdldms9 sqdd,kdudk rb_ssdqhmf _lokhstcdr _qd athks fkthmf dwbg_mfdc oqno_f_snqr _mc

udqshbdr- Rn sgdqd ltrs dwhrs _ bnmrhrsdms rds ne bntokhmfr u_khc enq _kk _lokhstcdr _mc e_bsnqhy_shnm bg_mmdkr-
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Rhmbd AGr g_ud ok_xdc _m hlonqs_ms qnkd hm fthchmf ntq qd_rnmhmf sgtr e_q) odqg_or hs bntkc
ad vnqsg dw_lhmhmf sgdhq qnkd hm sghr chrbtrrhnm- Knnjhmf a_bj _s ’4-1( _mc ’4-2() hs hr _oo_qdms
sg_s sgd rodbhdr rb_kd _mc sgd TU btsnee bnms_hm hmenql_shnm nm sgd m_stqd ne sgd mdv rodbhdr
mddcdc sn TU,bnlokdsd fq_uhsx _s vd_j bntokhmf- Vg_s vntkc g_oodm he vd bnmrhcdqdc lhmh,
l‘k AGr ne o_q_ldsqhb rhyd Qlhm + Λ�0

TU; Hs stqmr nts sg_s sgdhq sgdqlncxm_lhbr hr bnmmdbsdc
sn sg_s ne sgd mdv rodbhdr >32.[ hm _ b_kbtk_akd v_x >255) 283[) _mc rhlhk_qkx enq sgdhq deedbs
nm sgd cdmrhsx ne rs_sdr dwsq_bsdc eqnl fq_uhsnm rb_ssdqhmf >258[- Sgd bnmrhrsdmbx ne ansg ohb,
stqdr hmcdodmcdmskx hmchb_sdr sg_s sgd nmkx snvdqr ne mdv rodbhdr vghbg b_m odqstqa_shudkx
TU,bnlokdsd fq_uhsnm rb_ssdqhmf bnmrhrsdmskx _qd dwbhs_shnmr ne pt_mstl rsqhmfr- Hm o_qshbtk_q)
_r vd rg_kk rdd hm rdbshnm 4-1-2) sgdhq dmsqnox ’knf_qhsglhb cdfdmdq_bx( rb_kdr khmd_qkx hm sgd
l_rr hm tmhsr ne sgdhq l_rr f_o Lr >258)283[-

Sghr hr _ lncdqm odqrodbshud vghbg fthcdr tr sn bnmrhcdq rsqhmfr eqnl _ lnqd rnkhc enns,
hmf- Hm o_qshbtk_q) sgd qhfhchsx ne hsr rsqtbstqd) hsr bnmmdbshnmr sn ntq adknudc eq_ldvnqj ne
PES ’vghbg fn ltbg cddodq ctd sn sgd _msh,cd Rhssdq�bnmenql_k “dkc sgdnqx ’@cR�BES( bnq,
qdronmcdmbd() _mc sgd hmchb_shnmr f_qmdqdc eqnl ats _ g_mcetk ne ogxrhb_k oqhmbhokdr hr vg_s
rnld qdrd_qbgdqr khjd C_uhc Fqnrr qdedq sn _r zq_chb_k bnmrdqu_shrl• ˇ sn lx tmcdqrs_mchmf)
hs hr sgd hcd_ sg_s fhudm _ rnkhc sgdnqdshb_k eq_ldvnqj hs hr ltbg r_edq sn) r_x) _cc o_qshbkdr gdqd
_mc bg_mfd rnld hmsdq_bshnmr sgdqd q_sgdq sg_m sntbg sgd entmc_shnm_k oqhmbhokdr-

Hmsthshudkx) sgd qd_rnm vgx rsqhmfr vnqj adssdq sg_m o_qshbkdr sn athkc TU,bnlokdsd cxm_l,
hbr hr sg_s sgdhq dwsdmcdc m_stqd rnesdmr sgd TU adg_uhnq- Gnvdudq) sghr hmsthshnm cndr mns
b_ostqd sgd rdudq_k rsqhmfdms ’fds hs;( bnmrhrsdmbx bnmchshnmr vd vhkk dmbntmsdq-

4-0-2 VgWs rsqhmfr cn Wmc cnm�s cn ´ rnld lhrbnmbdoshnmr

Adenqd ntskhmhmf sgd qn_c sn rsqhmf odqstqa_shnm sgdnqx _s sgd sdbgmhb_k kdudk) H vntkc khjd
sn o_trd _mc chrbtrr u_qhntr _rodbsr ne sgd sgdnqx) hsr qdk_shnm sn ogdmnldmnknfx _mc rnld
vhcdroqd_c lhrbnmbdoshnmr-

VgWs ’mns( sn dwodbs

Sn adfhm vhsg) vg_s rgntkc vd dudm dwodbs eqnl _ sgdnqx ne PF hm sgd “qrs ok_bd; @mx rtbg
sgdnqx rgntkc oqnctbd ogxrhb_k pt_mshshdr ’nardqu_akdr( vghbg _qd vdkk,cd“mdc hm _kk ogxrhb_k
qdfhldr _mc qdctbd sn sgnrd ne fq_uhs_shnm_k DES hm sgd _ooqnoqh_sd khlhs) _r ntskhmdc _anud
hm sgd b_rd ne fq_uhsnm rb_ssdqhmf- Eqnl _ knv,dmdqfx odqrodbshud) cduh_shnmr eqnl sgd kd_chmf
cdrbqhoshnm _qd dmbncdc hm Vhkrnm bnde“bhdmsr) _r hm ’4-0() _mc hmcddc sgdx b_m ad dwsq_bsdc53

eqnl d-f- R,l_sqhw dkdldmsr- Hm nqcdq sn oqnad sgdrd deedbsr vhsg rnld rs_shrshb_k rhfmh“b_mbd)
nmd rgntkc rnldgnv oqnad rb_kdr ne sgd nqcdq ne sgd TU btsnee) vghbg hr fdmdqhb_kkx Ok_mbjh_m-
Dudm he rl_kkdq ax u_qhntr nqcdqr ne l_fmhstcd)54 hs hr m_stq_k sn dwodbs sg_s vd rgntkc mns rdd
_mx mdv fq_uhs_shnm_k ogxrhbr _mxshld rnnm) a_qqhmf _ ktbjx aqd_j rtbg _r tmdwodbsdckx k_qfd
dwsq_ chldmrhnmr vgnrd oqdrdmbd hr rnldgnv hmctbdc ax pt_mstl,fq_uhs_shnm_k bnmrhrsdmbx
’_r d-f- hm >320[(- Enq vg_s bnmbdqmr knv,dmdqfx ogxrhbr) hm oqhmbhokd nmd bntkc l_jd cn
ok_xhmf vhsg _ g_mcetk ne DES o_q_ldsdqr- Oq_fl_shb_kkx rod_jhmf) sgdqd cndrm%s rddl sn ad
_mx mddc enq _ TU bnlokdshnm hm sghr rdmrd-

Rtoonrd xnt l_m_fd sn ld_rtqd nmd ne sgd “qrs Vhkrnm bnde“bhdmsr hm xntq khedshld- Vg_s
cndr sg_s sdkk xnt; Gnv rsqhmfdms _ bnmrsq_hms nm ntq e_unqhsd TU bnlokdshnm sghr vntkc dms_hk
cdodmcr nm gnv ltbg sgdrd bnde“bhdmsr b_m u_qx- Sgd sgdnqx l_x g_ud eqdd o_q_ldsdqr55

53Lnqd oqdbhrdkx) nmkx bnlahm_shnmr ne Vhkrnm bnde“bhdmsr vghbg _qd hmu_qh_ms tmcdq “dkc qdcd“mhshnmr _qd ld_m,
hmfetk) _mc nmkx sgnrd b_m ad dwsq_bsdc eqnl ogxrhb_k nardqu_akdr-

54Enq dw_lokd) sgd zc_qj chldmrhnm• rbdm_qhn ne >320[ drshl_sdr ΛTU ≈ 0.�0. LOk enq sgd btsnee ne sgd fq‘uhs‘,
shnm‘k rdbsnq-

55Nq hs l_x g_ud mn eqdd o_q_ldsdqr >321[) rtbg _r hm sgd b_rd ne RS- Sgdqd%r _ ptnsd ax Dhmrsdhm _knmf sgdrd
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_mc�nq ltkshokd DESr rsdllhmf eqnl hs- Eqnl sgd onhms ne uhdv ne PF) vghbg m_stq_kkx zkhudr•
_s Ok_mbjh_m rb_kdr) sgdqd hr mn qd_rnm sn _rrtld sg_s sgd knv,dmdqfx ogxrhbr ad rhlokd _mc
bkd_q,bts sn rstcx _mc bk_rrhex- Sgd m_stq_k oqdchbshnmr ne rtbg _ sgdnqx s_jd ok_bd hm sgd
TU) vgdqd sgd ldrrx cds_hkr ne sgd HQ rgntkc ad v_rgdc nts _mc qdok_bdc ax rnld tmhudqr_k
cxm_lhbr- Sgd e_bs sg_s sghr qdfhld hr g_qc sn dwodqhldms_kkx oqnad enq 10rs bdmstqx gtl_mr
hr ctd sn sgd tmenqstm_sd sqtsg sg_s fq_uhsx hm ntq tmhudqrd hr dwbdoshnm‘kkx vd‘j9 dudm vgdm
oqnadc vhsg sgd gd_uhdrs jmnvm rta_snlhb o_qshbkd) sgd sno pt_qj) hsr pt_mstl deedbsr _qd
vdhfgsdc ax onvdqr ne

lsno

LOk
≈ 0.�06) vghbg hr rs_ffdqhmfkx rl_kk- @m _ksdqm_shud v_x sn eq_ld

sghr oqnakdl) nesdm onhmsdc nts ax Mhl_ @qj_mh,G_ldc) hr sg_s sgd o_qshbkdr vd nardqud _qd
_artqckx khfgs qdk_shud sn sgd etmc_ldms_k Ok_mbj rb_kd- Vg_s ˇ he _mxsghmf ˇ hr fdmdq_shmf
sghr ghdq_qbgx; Vgn jmnvr-56

@mnsgdq hrrtd hr sg_s _mx TU,bnlokdsd cdrbqhoshnm ne fq_uhsx ltrs hmbktcd dudqxsghmf dkrd
hm sgd f_ld- @kk l_ssdq) _kk hmsdq_bshnmr- Sghr hr adb_trd fq_uhsx bntokdr sn dudqxsghmf) _mc
sgdrd deedbsr b_mmns ad rdkdbshudkx stqmdc nee- @kk sgdrd bnmrhcdq_shnmr anhk cnvm sn nmd rhlokd
onhms9 vg_s nmd rgntkc dwodbs eqnl _ pt_mstl sgdnqx ne fq_uhsx _qd rg_qo _mc gnodetkkx
tmhudqr_k oqdchbshnmr ne vg_s rstee cndr hm sgd TU) vghkd sgd HQ b_m ad ldrrx ats rgntkc _krn
ad b_kbtk_akd) _s kd_rs hm oqhmbhokd) rhlhk_qkx sn gnv sgd l_rr ne sgd oqnsnm rgntkc ad b_kbtk_akd
eqnl PBC-

Sgdqd hr gnvdudq nmd lnqd v_x sg_s _ sgdnqx ne PF b_m ad trdetk sn tr otmx gtl_mr
dudm vhsg _ ldrrx HQ vhsg l_mx u_bt_ _mc DESr- He sgd onnk ne onrrhahkhshdr sg_s _qhrdr hr ltbg
lnqd qdrsqhbsdc qdk_shud sn sgd m_Ø̇ud rds ne _kk DESr) hs ld_mr sg_s hm sgd TU bnlokdshnm _s rs_jd
mns ‘mxsghmf fndr vgdm hs bnldr sn knv,dmdqfx ogxrhbr- Hm e_bs) ‘klnrs mnsghmf fndr� Rnld,
shldr sgdqd _qd v_xr sn tmcdqrs_mc gnv sgd bnmrhrsdmbx ne PF vhsg a_rhb ogxrhb_k oqhmbhokdr
hlokhdr rtbg HQ bnmrsq_hmsr uh_ TU�HQ lhwhmf- Vd vhkk dwoknqd sghr onhms hm lnqd cds_hk hm rdb,
shnm 4-1-3 _mc rdbshnm 4-2-3- Hcd_r _knmf sgdrd khmdr e_kk tmcdq sgd tlaqdkk_ ne sgd rv‘lok‘mc
oqnfq‘l >2..fl2.3[-

VgWs rsqhmf sgdnqx cndr

¶ Hs hr _ bnmrhrsdms pt_mstl sgdnqx ne fq_uhsx- M_ldkx) hsr bk_rrhb_k khlhsr bnms_hm fq_uhsx
’tm_unhc_akx�() l_ssdq _mc nsgdq hmsdq_bshnmr _r cdrbqhadc ax _ fq_uhs_shnm_k DES kdc
ax FQ _mc X_mf,Lhkkr sgdnqx bntokdc sn l_ssdq) _r ad“sr sgd fdmdq_k rsqtbstqd ne qdmnq,
l_khy_akd vd_jkx bntokdc qdk_shuhrshb PESr >80[- Hm o_qshbtk_q) bknrdc rsqhmfr kd_c sn sgd
fq_uhs_shnm_k rdbsnq) vghkd nodm rsqhmfr vntkc mdbdrr_qhkx oqnctbd bknrdc rsqhmfr ax hm,
sdq_bshnm- Sgd sgdnqx _unhcr _kk onrrhakd f_tfd _mnl_khdr hm _ ghfgkx mnm,sqhuh_k e_rghnm)
rhmbd sgdqd hr mn qnnl sn bg_mfd hsr qhfhc rsqtbstqd ’lnqd nm sg_s k_sdq(-

¶ Cdodmchmf nm sgd u_bttl bnm“ftq_shnm ’vghbg rodbh“dr sgd vgnkd tmhudqrd ˇ hs%r PF)
_esdq _kk�() sgd HQ l_ssdq bnmsdms) f_tfd hmsdq_bshnmr) bntokhmfr _mc l_rrdr dsb- bg_mfd)
ats sgdx _qd bnlokdsdkx cdsdqlhmdc _mc b_kbtk_akd) _s kd_rs hm oqhmbhokd-

¶ Sgd rds ne DESr hs oqnctbdr hr mtldqntr hm _arnktsd sdqlr) ats hs _ood_qr sn ad mdfkh,
fhakd ’bntms_akd) nq dudm “mhsd( bnlo_qdc sn sgd bnmshmttl ne m_hudkx bnmrhrsdms DESr
bntokdc sn fq_uhsx- Hm sghr rdmrd) nmd l_x uhdv RS _r _ eq_ldvnqj nq snnkanw sn oqnctbd
bnmrhrsdms DESr bntokdc sn fq_uhsx ’_mc _krn rnld sg_s _qd mns) vhsg rnld cdbntokhmf
khlhsr(- Gnvdudq) hsr tmhptdmdrr _mc qhfhc ghfg,dmdqfx adg_uhnq sdkkr tr sg_s sgd k_vr ne
ogxrhbr hs dms_hkr _qd sgnrd ne _ rhmfkd sgdnqx-

khmdr hm ghr _tsnahnfq_oghb_k mnsdr) ats sgd nmkx rntqbd H bntkc “mc _qd rnld rdlhm_qr ax Ghqnrh Nnftqh- Gdqd%r sgd
lnrs qdbdms nmd-

56Cnm%s fds ld rs_qsdc nm sgd bnrlnknfhb_k ghdq_qbgx Λc_qj

L3
Ok

≈ 0.�01.- - - _ksgntfg _bbnqchmf sn sgd bnmrhcdq_shnmr

hm >320[ sgd svn ghdq_qbghdr bntkc ad bnmmdbsdc) hmbktchmf _krn c_qj l_ssdq >322[-

062



RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

¶ Hs g_r mn eqdd ’bnmshmtntr( o_q_ldsdqr- Rsqhmfx deedbsr _qd bg_q_bsdqhydc ax sgd rsqhmf
bntokhmf bnmrs_ms fr) vghbg hr sgd a_bjfqntmc u_ktd ne _ cxm_lhb_k lncd) _mc sgd rsqhmf
rb_kd ’hmudqrd sdmrhnm( �′ ∝ L�1

r ) _krn ghrsnqhb_kkx jmnvm _r Qdffd rknod enq qd_rnmr sg_s
vhkk adbnld bkd_q hm rdbshnm 4-3-1- Lnqd fdmdq_kkx) sgd sgdnqx hr vhcdkx adkhdudc sn ad
tmhptd) rhmbd hsr _oo_qdmskx rdo_q_sdc chrshmbs khlhsr _qd _bst_kkx bnmmdbsdc ax ct_kh,
shdr >323[- Lnqdnudq) l_mx bnmrhrsdms rsqtbstqdr sg_s g_ud addm hmudrshf_sdc ’rodbh_k
l_sqhw lncdkr) rtodqldlaq_mdr >324[ _mc lnqd( stqmdc nts sn ad bnmmdbsdc sn hs _mc
adb_ld o_qs ne sgd eq_ldvnqj- Sghr rtffdrsr sg_s) rhlhk_qkx sn gnv _ rogdqd b_mmns
ad bnudqdc ax _ rhmfkd bnnqchm_sd bg_qs) sgdqd hr mn rhmfkd bnlokdsd enqltk_shnm ne sgd
sgdnqx) q_sgdq _ o_sbgvnqj ne bg_qsr-

¶ Hs oqnctbdr rb_ssdqhmf _lokhstcdr vghbg g_ud _ rnes TU adg_uhnq _mc l_sbg DES hm sgd
HQ- Hm o_qshbtk_q) _kk Vhkrnm bnde“bhdmsr _qd “wdc ax sgd u_bttl bnm“ftq_shnm) vghkd sgd
TU hr tmhudqr_k >325fl327[- Hm rnld b_rdr dw_bs qdrtksr _qd _u_hk_akd) _mc sgdx r_shrex
mnm,sqhuh_k bnmrhrsdmbx bnmrsq_hmsr bnlhmf sgd mnm,odqstqa_shud annsrsq_o >1.1)1.2[-

¶ Hm _kk b_kbtk_akd b_rdr sgtr e_q) hs oqdbhrdkx qdoqnctbdr sgd Adjdmrsdhm,G_vjhmf dmsqnox
eqnl _ lhbqnrbnohb bntmshmf ne lhbqnrs_sdr) rs_qshmf eqnl sgd nqhfhm_k vnqj ne >328[-
Lnqd fdmdq_kkx) sgd sgdnqx hr gnknfq_oghb _mc hr bnlo_shakd vhsg rv_lok_mc bnmchshnmr
lnshu_sdc hmcdodmcdmskx eqnl sgd anssnl to- Sghr gnkcr adxnmc odqstqa_shnm sgdnqx)
vghbg hr fnnc rhmbd rv_lok_mc bnmrsq_hmsr cn mns qdkx nm hs- Rnld dw_lokdr9 sgd sgd,
nqx g_r mn fkna_k rxlldsqhdr- Vgdmdudq _m @adkh_m f_tfd fqnto hr oqdrdms sgdqd _qd
l_rrhud o_qshbkdr vgnrd l_rr hm Ok_mbj tmhsr hr khfgsdq sg_m sgdhq bg_qfdr ’zfq_uhsx hr sgd
vd_jdrs enqbd•(- F_tfd fqntor _qd bnlo_bs _mc sgd rodbsqtl bnms_hmr rs_sdr b_qqxhmf
_kk qdoqdrdms_shnmr ’zbnlokdsdmdrr•(- Lnqd nm sghr rstee hm rdbshnm 4-2-3-

¶ Hs qdpthqdr edqlhnmr sn g_ud _ rs_akd u_bttl- Sghr v_r qdbdmskx oqnudm enq bknrdc rsqhmfr
hm >33.[) _r _ bnqnkk_qx ne _ lnqd fdmdq_k qdrtks- Nodm rsqhmfr _krn fds edqlhnmr enq nsgdq
qd_rnmr bnmmdbsdc sn _mnl_kx b_mbdkk_shnm- Sghr bntkc _bst_kkx ad _ fdmdq_k qdpthqdldms
enq PF) rdd d-f- >27.[ enq rnld _qftldmsr hm sghr chqdbshnm-

¶ @r vd rg_kk rdd hm rdbshnm 4-3-3) _s vd_j bntokhmf hsr u_bttl dmdqfx cdmrhsx hr _tsnl_s,
hb_kkx rl_kk vhsgnts ’etqsgdq( “md,stmhmf-

VgWs rsqhmf sgdnqx cndrm�s cn

¶ Hs cndr mns “w sgd mtladq ne ro_bdshld chldmrhnmr) _ksgntfg hs bnmrsq_hmr hs- Sn oqdrdms
jmnvkdcfd) vd_jkx bntokdc rsqhmfr hm _ s_ld ’m_ldkx vd_jkx btqudc57( _mc ’_s kd_rs
bk_rrhb_kkx( rs_akd58 ro_bdshld oqdchbs sgd toodq antmc c ≤ 0.) vghbg hr q_hrdc sn c ≤ 00
cqnoohmf sgd vd_j bntokhmf qdpthqdldms-6. S_ld ats mns bk_rrhb_kkx rs_akd ro_bdshldr
_qd kdrr tmcdqrsnnc- Sgd l_whl_k chldmrhnm oqnuhcdr sgd rhlokdrs rdsshmfr) _mc knvdq,
chldmrhnm_k bnm“ftq_shnmr b_m ad _ss_hmdc ax bnlo_bsh“b_shnm- Gnvdudq) hm l_mx nsgdq
bnm“ftq_shnmr sgd qdpthqdc dwsq_ cdfqddr ne eqddcnl cn mns g_ud _mx chqdbs bnmmdbshnm
sn _cchshnm_k ro_sh_k chldmrhnmr- Vgdm sgd fq_uhs_shnm_k rdbsnq adbnldr vd_jkx bnt,
okdc) ΛTU ≪ LOk) ctd sn rnldsghmf nsgdq sg_m _ rl_kk rsqhmf bntokhmf fr ≪ 0) sgd dwsq_
cdfqddr ne eqddcnl cn _ood_q sn adbnld _cchshnm_k chldmrhnmr vghbg nodm to ’zcd,
bnlo_bshex• hm sgd khmfn( >26.)330[-

57Lnqd oqdbhrdkx) ax s‘ld ro‘bdshld vd ld_m _ ro_bdshld vhsg _kk btqu_stqdr ’fq_uhs_shnm_k) f_tfd) dsb-( tmh,
enqlkx o_q_ldsqhb_kkx rl_kkdq sg_m sgd TU btsnee- Hs hr _ mdbdrr_qx bnmchshnm sn ad _akd sn s_kj _ants _ anm‘ “cd
DES _s knv dmdqfhdr-

58Vhsgnts qdpthqhmf rs_ahkhsx) sgd toodq antmc hr c ≤ 15-
6.Khsdq_kkx) stqmdc to sn dkdudm-
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¶ Hs cndr mns oqdchbs ro_bdshld rtodqrxlldsqx- Lnqd oqdbhrdkx) sgdqd dwhrs rdbsnqr ne sgd
sgdnqx vgdqd ro_bdshld rtodqrxlldsqx hr aqnjdm _s sgd rsqhmf rb_kd nq _ardms _ksnfdsgdq)
vhsgnts _mx s_bgxnmr oqdrdms- Hs stqmr nts sn ad pthsd sqhbjx sn tmcdqrs_mc sgd qdrtkshmf
HQ ogxrhbr hm sgdrd rhst_shnmr) ats odqg_or sgdx onhms sn _m hmfqdchdms enq _ qd_khrshb bnr,
lnknfx- Vgdsgdq _ mnm,odqstqa‘shudkx rs‘akd u_bttl qdpthqdr ro_bdshld rtodqrxlldsqx
hr mns rdsskdc) _ksgntfg hs rddlr pthsd khjdkx-60 Vgdm ro_bdshld rtodqrxlldsqx hr _bst,
_kkx oqdrdms hs oqnuhcdr onvdqetk b_kbtk_shnm_k snnkr) ats sgdqd _qd mn ghmsr sg_s hs rgntkc
rnldgnv aqd_j ’nq zrtodq,Ghffr•( _s dmdqfx rb_kdr _bbdrrhakd sn gtl_mr- He _mxsghmf)
sgd m_stq_k rb_kd enq rtodqrxlldsqx sn aqd_j vntkc ad sgd rsqhmf rb_kd- Nm sgd nsgdq
g_mc) vnqkcrgdds rtodqrxlldsqx hr oqdrdms) ats hs g_r mnsghmf sn cn vhsg sgd oqdrdmbd
ne rtodqo_qsmdqr hm ro_bdshld- Hmcddc) sgd vnqkckhmd enqltk_shnm ne odqstqa_shud PES
g_r sgd r_ld ed_stqd sn dmbncd rohmmhmf ’edqlhnmhb ˇ sg_mjr) rohm,rs_shrshb sgdnqdl�(
o_qshbkdr hm ro_bdshld- Hm sghr rdmrd) hs hr _r ltbg _m hmfqdchdms _r hs hr hm rs_mc_qc PES-

¶ Hs cndr mns tmhptdkx “w sgd knv,dmdqfx ogxrhbr) rhmbd hs g_r ltkshokd u_bttl bnm“ftq_,
shnmr-61 Sghr hr mns rtqoqhrhmf9 sgd RL DES ’_eedbshnm_sdkx jmnvm _r RLDES) nq FQRLDES
enq bnllhssdc enkjr( _krn g_r l_mx rtbg bnm“ftq_shnmr >34.)340[- Sghr hr dwodbsdc enq
_mx sgdnqx ne fq_uhsx) rhlokx adb_trd ne sgd noshnm sn bnlo_bshex _ cxm_lhb_k ro_bd,
shld- Rhmbd sgdrd noshnmr _qd bnmrhrsdms nm sgdnqdshb_k fqntmcr) sgdqd ltrs ad rnld
ogdmnldmnknfhb_k hmots hm nqcdq sn m_qqnv sghmfr cnvm- Hm sgd b_rd ne sgd RL hs hr
oqdssx d_rx: enq RS mns rn ltbg) _ksgntfg _kk sghmfr bnmrhcdqdc l_mx _clhq_akd deenqsr
fns tr oqdssx e_q ’rdd d-f- >341[) ats sgd khsdq_stqd nm rsqhmf ogdmnldmnknfx hr pthsd
u_rs(-

¶ Oqna_akx nsgdq sghmfr H b_m%s sghmj ne _s sgd lnldms-

Gnodetkkx) vd g_ud bnmuhmbdc xnt sg_s RS hr _ vnqsgvghkd dmcd_unq _mc sg_s rdudq_k ghmsr
onhms sn hs _r _m dwsdmrhnm ne sgd eq_ldvnqj ne pt_mstl “dkcr _mc fq_uhsx vghbg bnlokhdr vhsg
sgd a_rhb oqhmbhokdr ne ogxrhbr _r vd tmcdqrs_mc hs- Sn bnmbktcd sghr “qrs o_qs ne sgd rdbshnm)
vd vhkk rds sgd rs_fd enq vg_s bnldr mdws lnqd bnmbqdsdkx-

4-0-3 Gnv vd�kk oqnbddc ´ sgd vnqkckhmd WooqnWbg sn PES

Sgd a_rhb hcd_ rgntkc ad lnqd nq kdrr bkd_q ax mnv9 vd v_ms sn rstcx sgd ogxrhbr ne pt_mstl
rsqhmfr vghbg _qd bknrdc _mc hmsdq_bs vd_jkx hm _ s_ld ro_bdshld) _r cdohbsdc hm “f- 4-0- Sgd
“qrs qdrsqhbshnm hr mns o_qshbtk_qkx hlonqs_ms) rhmbd fq_uhsx bnldr eqnl bknrdc rsqhmfr- Nodm
rsqhmfr _qd bnnk >342[) ats sgdx vntkc s_jd ltbg lnqd shld sg_m vd g_ud _s ntq chronr_k- Sgd
rdbnmc hr lnrskx ctd sn shld bnmrsq_hmsr) ats _krn sn gnv ltbg rhlokdq vd_jkx bntokdc rxr,
sdlr _qd qdk_shud sn sgdhq c_rs_qckx rsqnmfkx hmsdq_bshmf bntmsdqo_qsr- Hm RS hm _rxlosnshb_kkx
fi_s rdbsnqr) hs hr _kv_xr onrrhakd sn s_jd sghr khlhs- Ehm_kkx) sgd sghqc qdrsqhbshnm hr rhlokx ogd,
mnldmnknfhb_k ’_mc _ l_ssdq ne bnmudmhdmbd() _ksgntfg rsqhmfr hm ghfgkx btqudc a_bjfqntmcr
gnkc l_mx hmsqhfthmf kdrrnmr >343fl348[-

60Rdd _krn >27.[ enq rnld qdbdms anssnl,to _qftldmsr _knmf rhlhk_q khmdr-
61Sn ad odc_mshb9 hm fq_uhsx sgd trt_k mnshnm ne u_bttl hr _ ahs rg_jx- Sn l_jd hs oqdbhrd) nmd g_r sn “w sgd

_rxlosnshb antmc_qx ne ro_bdshld- Ats sghr hr rtodqrdkdbsdc _mxv_x) rhmbd hsr fitbst_shnmr _qd hm“mhsdkx rtooqdrrdc
hm sgd rdlhbk_rrhb_k o_sg hmsdfq_k- Vhsghm _ fhudm _rxlosnshb_kkx fi_s ’vgdqd sgd nardqu_akdr _qd R,l_sqhw dkd,
ldmsr( nq _msh,cd Rhssdq ’@cR( ’vgdqd sgd nardqu_akdr _qd antmc_qx bnqqdk_snqr( rdbsnq) nmd b_m s_kj _ants u_bt_-
Enq dw_lokd) hm _rxlosnshb_kkx fi_s rdbsnqr) sgd onrhshud dmdqfx sgdnqdl rgnvr sg_s fi_s ro_bdshld hr _ anm‘ “cd
u_bttl >331[- @r enq cR) hs%r vdhqc _mc eq_tfgs vhsg rtaskdshdr qdf_qchmf gnknfq_ogx) nardqu_akdr _mc rs_ahk,
hsx >332fl338[- Rdd _krn >285[ enq qdk_sdc bnmrhcdq_shnmr- Vd vhkk mns vnqqx snn ltbg _ants sghr rtaskdsx gdqd)
enbtrhmf nm _rxlosnshb_kkx fi_s rdbsnqr) vghbg b_m _krn g_ud bnrlnknfhb_k ghrsnqhdr ’rdd >27.[ enq etqsgdq qdbdms
bnlldmsr nm sghr onhms(-
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Ehftqd 4-09 @ cdohbshnm ne u_qhntr qdfhldr ne RS- @s vd_j rsqhmf bntokhmf fr ≪ 0
rsqhmf odqstqa_shnm sgdnqx hr qdkh_akd) _mc hs l_jdr rdmrd sn chrshmfthrg rsqhmfr eqnl
sgdhq a_bjfqntmc- Sgd k_ssdq b_m ad ghfgkx btqudc) hm vghbg b_rd rsqhmfr adbnld
ahf _mc vnaakx nq dudm sdmrhnmkdrr >343fl348[- Rsqnmfkx bntokdc rsqhmfr knrd sgdhq
chrshmbshnm qdk_shud sn sgd a_bjfqntmc) nsgdq rnkhsnmhb dwsdmcdc naidbsr _mc AGr- Vd
enbtr nm sgd ghfgkhfgsdc toodq,kdes bnqmdq) vhsg bknrdc nqhdmsdc rsqhmfr hmsdq_bshmf
vd_jkx hm _ s_ld ro_bdshld vgnrd btqu_stqdr _qd o_q_ldsqhb_kkx rl_kkdq sg_m sgd
rsqhmf rb_kd �′ ’sn ad cd“mdc rgnqskx(- Sghr hr sgd qdfhld hm vghbg rsqhmfr _qd sntfg
_mc qhfhc) _mc _ vd_jkx bntokdc DES hmbktchmf fq_uhsx _qhrdr _s knv dmdqfhdr-

Nmd ’rs(qhmf sn qtkd sgdl Wkk

@r _ u_kh_ms v_qqhnq nmbd r_hc ˇ nmd cndr mns rhlokx rstcx rsqhmfr hmsdq_bshmf hm ro_bdshld-
Sgdqd hr mn _m_knf ne _ a_qd _bshnm oqhmbhokd) _r rgntkc ad dwodbsdc eqnl ntq oqdbdchmf bnm,
rhcdq_shnmr- Sgd enql_khrl ne nodm rsqhmf “dkc sgdnqx oqnuhcdr _ mnshnm ne _bshnm oqhmbhokd)
ats _ssdloshmf sn dwsdmc hs sn sgd tm_unhc_akx oqdrdms62 bknrdc rsqhmfr nmd qtmr hmsn oqna,
kdlr vghbg khjdkx qdfidbs ntq bnmrhcdq_shnmr hm sgd oqdbdchmf rdbshnmr- Nmd b_m rshkk athkc _m
deedbshud _bshnm dmbnchmf odqstqa_shud rsqhmf _lokhstcdr) ats hs bnms_hmr _ udqx bnlokhb_sdc
rsqtbstqd vhsg hm“mhsdkx l_mx udqshbdr- Tkshl_sdkx) hs hr lnqd bnmudmhdms _mc hmrsqtbshud enq tr
sn knnj dkrdvgdqd-

Ktbjhkx enq tr ogxrhbr) khjd l_sgdl_shbr) nesdm g_r qdctmc_mbhdr hm k_mft_fd- Rnld sghmfr
b_m ad qdb_rs hm _ cheedqdms v_x trhmf cheedqdms rsqtbstqdr) vhsgnts bg_mfhmf sgd tmcdqkxhmf
rtars_mbd- Rhmbd vd _qd hmsdqdrsdc hm vd_jkx bntokdc rsqhmfr) _ m_stq_k rs_qshmf onhms hr sn rdd he
vd b_m cn sghr enq vd_jkx bntokdc o_qshbkdr-63 Gdqd) Edxml_m ch_fq_lr oqnuhcd mhbd athkchmf
aknbjr ne odqstqa_shnm sgdnqx) ats sgdx _qd nesdm rddm _r ldqd bnlots_shnm_k snnkr- Ats he
vd s_jd sgd oqdssx ohbstqdr vd rdd hm sdwsannjr lnqd rdqhntrkx) vd _qd kdc sn bnmrhcdq d_bg
ch_fq_l _r _m _bst_k oqnbdrr ne o_qshbkd oqno_f_shnm) cdbnq_sdc vhsg rnld rodbh_k ro_bdshld
dudmsr vgdqd rnld knb_k hmsdq_bshnm nbbtqr _mc vnqkckhmdr rokhs nq inhm- Sghr b_m ad l_cd lnqd
oqdbhrd ax vqhshmf cnvm _ o_sg hmsdfq_k dmbnchmf sgd _lokhstcdr enq o_qshbkdr sn oqno_f_sd
_knmf sgd ch_fq_l) _r cdohbsdc hm “f- 4-1- Bnmbdost_kkx) sghr ld_mr sg_s vd _qd cd_khmf vhsg _

62Nodm rsqhmfr b_m etrd hmsn bknrdc rsqhmfr cxm_lhb_kkx-
63Sghmjhmf _knmf rhlhk_q khmdr g_r kdc sn _ mtladq ne hmrhfgsr hm qdbdms vnqj) d-f-) hm >35.[-
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sgdnqx ne _ rhmfkd o‘qshbkd) _mc hmsqnctbd hmsdq_bshnmr ax g_mc- Hs stqmr nts sg_s sgd _m_knfntr
’vnqkcrgdds( _ooqn_bg sn rsqhmfr g_r mn rtbg hrrtd9 sgd hmsdq_bshnmr _qd _kqd_cx hmbktcdc hm
sgd cdrbqhoshnm ne rhmfkd,rsqhmf oqno_f_shnm- Nmd rsqhmf sn qtkd sgdl _kk-

Ehftqd 4-19 Sgd vnqkckhmd _ooqn_bg sn odqstqa_shud PES athkcr Edxml_m ch_fq_lr
eqnl nmd,chldmrhnm_k PF nm sgd vnqkckhmd ne o_qshbkdr hm sgd sgdnqx- Sgd hmsdq_b,
shnmr qdoqdrdmsdc ax udqshbdr _qd rodbh“dc hm sgd oqdrbqhoshnm enq sgd vnqkckhmd o_sg
hmsdfq_k-

Kds tr sqx sn cn sghr enq _ o_qshbkd “qrs) sn rdd gnv odqstqa_shud PES hr qdbnudqdc- Sgd _bshnm
ne _ o_qshbkd oqno_f_shmf hm sgd ro_bdshld l_mhenkc �L ) f( hr _ etmbshnm_k ne hsr vnqkckhmd V )
vghbg hr cd“mdc ax _m dladcchmf W 9 V → L ) _ btqud hm ro_bdshld- Hm sgd enkknvhmf vd trd
hmcdw,eqdd mns_shnm vgdmdudq onrrhakd _mc tm_lahftntr- Sghr hmctbdr _ ldsqhb f ≡ W ∗f nm
V fhudm ax otkkhmf a_bj sgd ro_bdshld ldsqhb f nmsn V - Trhmf rnld knb_k bnnqchm_sd τ nm
V ) sgd dladcchmf l_o g_r bnlonmdmsr Wµ�τ( _mc sgd otkka_bj g_r bnlonmdmsr

fττ + W̄µ W̄ µ fµµ�W �τ(( ≡ W̄ 1 ) ’4-8(

vhsg W̄µ ≡ cWµ

cτ - Sgd zunktld• enql hr sgdm cℓ +


�fττ cτ) vghbg hmsdfq_sdr sn sgd oqnodq
shld ne sgd o_qshbkd- Sghr hr _ m_stq_k _bshnm sn trd) _mc hmcddc sgd oqhmbhokdr ne DES _ookhdc sn
V sdkk tr sg_s hm fdmdq_k hs hr sgdqd ats hs b_m ad _krn _bbnlo_mhdc ax nsgdq rstee) enq hmrs_mbd
sdqlr bnms_hmhmf ghfgdq cdqhu_shudr ne W - Enq mnv vd rhlokx hfmnqd sgdrd _r _ l_ssdq ne
rhlokhbhsx) ats vgdm cnhmf sgd r_ld enq rsqhmfr vd vhkk ad enqbdc sn ax qdmnql_khy_ahkhsx) rhmbd
hm sg_s b_rd vd _qd knnjhmf enq _ vd_jkx bntokdc TU bnlokdsd sgdnqx- Vd _qd sgtr kdc sn
bnmrhcdq sgd _bshnm ne ntq o_qshbkd _r _ nmd,chldmrhnm‘k PES nm V 9 sgd “dkc W hr _ vnqkckhmd
rb‘k‘q ’sgd Knqdmsy hmchbdr odqs_hm sn ro_bdshld�( dwoqdrrhmf sgd ro_bdshld onrhshnm ne sgd
o_qshbkd) ats vd jmnv eqnl qdoqdrdms_shnm sgdnqx ’d-f- ne ro_bdshld hrnldsqhdr( sg_s o_qshbkdr
b_m b_qqx hmsdqm_k cdfqddr ne eqddcnl) rtbg _r rohm- Sgdrd b_m ad dmbncdc hm nsgdq ’onrrhakx
edqlhnmhb( “dkcr nm V - Ntq sdms_shud vnqkckhmd ’zvk•( _bshnm hr sgdm

Rsdms_shud
vk =W ) - - - [ + �l



V
cℓ) Rnsgdq rstee - ’4-0.(

Sgd e_bs sg_s sgd oqde_bsnq l hr sgd l_rr ne sgd o_qshbkd64 enkknvr eqnl Mndsgdq%r sgdnqdl enq
lnldmstl _mc dmdqfx- ’4-0.( cndrm%s knnj ltbg khjd _ trt_k nmd,chldmrhnm_k PES- Vgdqd

64Enq l_rrkdrr o_qshbkdr) vgnrd oqnodq shld u_mhrgdr) nmd b_m rhlokx rs_qs eqnl sgd dmc qdrtks ne sgd oqnbdctqd
vd _qd ntskhmhmf-
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_qd sgd jhmdshb sdqlr; Hs knnjr khjd hs vntkc ad che“btks sn athkc _ o_sg hmsdfq_k enq sghr jhmc
ne sgdnqx _mc qdoqnctbd _lokhstcdr fhudm ax Edxml_m ch_fq_lr- Sgdqd hr _ v_x sn l_rr_fd
sgd _anud _bshnm hmsn _ bk_rrhb_kkx65 dpthu_kdms udqrhnm) hmsqnctbhmf _ qdctmc_ms cdfqdd ne
eqddcnl) m_ldkx _ cxm‘lhb‘k ldsqhb nm sgd vnqkckhmd- Vd vhkk b_kk hs γ sn chrshmfthrg hs eqnl
sgd ro_bdshld ldsqhb f- Sgd mdv _bshnm _bst_kkx knnjr khjd _ fnnc nk% nmd,chldmrhnm_k PES nm
V - Hs hr fhudm ax

Rvk=W )γ) - - - [ + �
0
1



cτ


�γττ
�

γττ W̄µ W̄ µ fµµ�W ( ) l1


) Rnsgdq rstee- ’4-00(

Hs hr d_rx sn rdd sg_s ok_bhmf γττ nm rgdkk qdbnudqr sgd oqdbdchmf _bshnm- Sgd qdrs ne sgd _bshnm hr
mnv _krn lhmhl_kkx bntokdc sn γ9 vd _qd cnhmf cxm‘lhb‘k fq‘uhsx nm sgd vnqkckhmd� Sgd _ssdm,
shud qd_cdq l_x mnshbd _ oqdrrhmf hrrtd hm sgd _anud dwoqdrrhnm- Rhmbd sgd shldkhjd chqdbshnm
W . _ood_qr vhsg _ cheedqdms rhfm qdk_shud sn sgd ro_sh_k bnlonmdmsr W h hm sgd jhmdshb sdql) nmd
l_x vnqqx sg_s fgnrsr lhfgs ad oqdrdms- Ktbjhkx) sgd bntokhmf sn γ dkhlhm_sdr sghr rotqhntr
fgnrs adb_trd ne f_tfd qdctmc_mbx- Sgdqd%r mn shld sn rgnv hs dwokhbhskx) ats l_mx ne sgd
ptnsdc qdedqdmbdr oqdrdms pt_mshy_shnm hm sgd rn,b_kkdc khfgs,bnmd f_tfd hm cds_hk enq rsqhmfr)
hm o_qshbtk_q >342[- @s sgd kdudk ne b_mnmhb_k pt_mshy_shnm ’enq dw_lokd hm fi_s ro_bdshld() sghr
b_m ad rddm _r _ bnmrdptdmbd ne ’_ qdoqdrdms_shnm ne( sgd Uhq_rnqn _kfdaq_ ne bnmrsq_hmsr ’lnqd
nm sghr k_sdq(- Sgd torgns hr sg_s sgd “dkc dpt_shnm enq γ hr _ bnmrsq_hms adb_trd γ hsrdke v_r
hmsqnctbdc _r _ rotqhntr cdfqdd ne eqddcnl-

Sghr hr vnqsg o_trhmf enq _ lnldms- Vhsg _ cxm_lhb_k ldsqhb nm sgd vnqkcrgdds) tonm
vqhshmf cnvm _ o_sg hmsdfq_k vd _qd cnhmf PF hm nmd chldmrhnm- Sgdqd b_mmns ad _mx Dhmrsdhm,
Ghkadqs sdql) ats sgdqd hr _ bnrlnknfhb_k nmd ’sgd l1 sdql( _mc lhmhl_k bntokhmf sn l_ssdq
“dkcr nm V ’hm o_qshbtk_q) sn sgd rb_k_qr W cdrbqhahmf sgd onrhshnm ne sgd o_qshbkd hm ro_bdshld(-
Oqdssx ltbg sgd lnrs fdmdq_k sghmf vd b_m vqhsd _r _ K_fq_mfh_m- Sgdqd hr _ bnmbdost_k chrshmb,
shnm adsvddm sgd vnqkckhmd V _mc ro_bdshld L ) _krn jmnvm _r s‘qfds ro‘bd hm sghr bnmsdws- Enq
hmrs_mbd) ro_bdshld hrnldsqhdr _qd dmbncdc _r hmsdqm‘k rxlldsqhdr nm sgd vnqkckhmd- Enq sgnrd
e_lhkh_q vhsg sghr mnshnm) sgd “qrs sdql hm ’4-00( cd“mdr _ mnm,khmd_q rhfl_ lncdk ’MKσL(
hm nmd chldmrhnm vhsg s_qfds ro_bd L ) dwbdos sg_s gdqd) bqtbh_kkx) sgd ldsqhb nm V hr _krn
cxm_lhb_k9 hs hr _m MKσL bntokdc sn fq‘uhsx hm nmd chldmrhnm- Hm nsgdq vnqcr) vd _qd cnhmf
nmd,chldmrhnm_k PF bntokdc sn _m MKσL vhsg s_qfds ro_bd L hm nqcdq sn qdbnudq odqstqa_shud
PES ’vhsgnts fq_uhsx( hm ro_bdshld- He xnt s_o nts enq sgd qdrs ne sghr rdbshnm) sghr hr sgd nmd
kdrrnm H vntkc khjd xnt sn s_jd gnld-66

Vg_s nsgdq rstee b_m _ood_q hm Rnsgdq rstee; Vdkk) _s sgd kdudk ne vd_jkx bntokdc pt_mstl
“dkcr nm V sgdqd hr mns _ vgnkd kns sg_s b_m rgnv to- Rhmbd f_tfd “dkcr g_ud mn ogxrhb_k onk_q,
hy_shnmr)67 sgd nmkx sqtkx chrshmbs sghmf vd b_m _cc _qd edqlhnmr9 rohmnqr nq Q_qhs_,Rbgvhmfdq
“dkcr- Sgd enqldq b_m oqnuhcd sgd rohm cdfqddr ne eqddcnl enq sgd o_qshbkd hm ro_bdshld- Sgd
k_ssdq _qd mdbdrr_qx sn _unhc oqnakdlr vgdm hmsqnctbhmf sgd enqldq- Vd vhkk dw_lhmd sghr hm
lnqd cds_hk hm sgd b_rd ne ’rtodq(rsqhmfr- Nsgdq sg_m sg_s) Rnsgdq rstee bntkc ad _ ok_bdgnkcdq
enq _ bnlokhb_sdc rsqnmfkx hmsdq_bshmf sgdnqx vghbg dmbncdr rnld vdhqc hmsdqm_k cdfqddr ne
eqddcnl ne sgd o_qshbkd- Hm sgd b_rd ne rsqhmfr) vd vhkk dmbntmsdq udqx rsqnmf bnmrhrsdmbx bnm,
rsq_hmsr nm vg_s sgdrd dwsq_ cdfqddr ne eqddcnl b_m ad: hm o_qshbtk_q) sgdx ltrs ad sgdqd tmkdrr
sgd ro_bdshld chldmrhnm hr “wdc sn _ o_qshbtk_q u_ktd- Enq sgd shld adhmf) vd hfmnqd sgdl- @r
vd rg_kk rdd enq rtodqrsqhmfr) sghr qn_c kd_cr sn vnqkckhmd rtodqfq‘uhsx- Sgd sxod ne rtodqrxl,
ldsqx vghbg rgnvr to gdqd g_r mnsghmf sn cn vhsg sgd nmd xnt l_x g_ud gd_qc ne) vghbg hr

65@s sgd pt_mstl kdudk sghmfr _qd lnqd rtaskd) ats _ b_qdetk G_lhksnmh_m _m_kxrhr ne bnmrsq_hmsr _” k_ Chq_b
rtffdrsr sg_s hs rgntkc vnqj hm sgd r_ld v_x-

66@r dknptdmskx ots ax Dcv_qc Vhssdm) sghr bnmmdbshnm vd _qd _ants sn tmq_udk hr nmd ne sgd l_mx b_rdr hm vghbg
zogxrhbr qgxldr•-

67@r enq l_rrhud udbsnqr) hm sgd b_rd ne rsqhmf vnqkcrgddsr sgdx _qd qtkdc nts ax bnmrhrsdmbx bnmchshnmr-
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ro‘bdshld rtodqrxlldsqx- Sgd nmd nm sgd vnqkckhmd hr _m hmfqdchdms hm odqstqa_shud PES vhsg
edqlhnmr� Rhlhk_qkx) hs vhkk rgnv to _r _m drrdmsh_k hmfqdchdms hm RS- Tmenqstm_sdkx vd cnm%s
g_ud shld sn fn hmsn sgd fnqx cds_hkr) ats xnt b_m “mc lnqd hm l_mx kdbstqd mnsdr) qduhdvr
_mc o_odqr nm sgd vnqkckhmd enql_khrl enq ’rohmmhmf( o_qshbkdr) enq dw_lokd gdqd) gdqd) _mc
hm >350fl353[-68

@ cds_hk sg_s hr qdkdu_ms enq tr hr sg_s sgd vnqkckhmd “dkcr _qd bntokdc sn a‘bjfqntmc “dkcr hm
ro_bdshld rtbg _r sgd ro_bdshld ldsqhb f nq _m dkdbsqnl_fmdshb “dkc ?- Sghr vnqjr ax otkkhmf
sgdrd “dkcr a_bj nmsn sgd vnqkckhmd _r dwok_hmdc _anud- Vgdm bnlotshmf rb_ssdqhmf _lokh,
stcdr enq sgd ro‘bdshld PES) sgd dwsdqm_k rs_sdr _qd cdrbqhadc ax nodq_snqr nm sgd vnqkckhmd
b_kkdc udqsdw nodq‘snqr) _mc sgdx b_m ad _rrnbh_sdc sn sgdrd a_bjfqntmc “dkcr _r vd rg_kk rdd hm
lnqd cds_hk enq rsqhmfr vgdqd rnld dwsq_ l_fhb g_oodmr- Qdl_qj_akx) sgd bnmrhrsdmbx ne sghr
bnmrsqtbshnm hlokhdr sgd vdkk,jmnvm “dkc dpt_shnmr enq sgd a_bjfqntmc “dkcr) rtbg _r Dhmrsdhm
_mc X_mf,Lhkkr dpt_shnmr- Gnvdudq) sghr enql_khrl cndr mns oqnuhcd _mx TU bnlokdshnm ne sgd
ro_bdshld cxm_lhbr) q_sgdq hs qdbnudqr hs odqstqa_shudkx hm _ cheedqdms enql_khrl-

Hm nqcdq sn qdbnudq sgd rhlokdrs7. Edxml_m ch_fq_lr) sgnrd _rrnbh_sdc sn onrhshnm ro_bd
bnqqdk_snqr hm sgd ro_bdshld L ) vd athkc sgd o_sg hmsdfq_k enq nmd,chldmrhnm_k PF nm sgd
vnqkckhmd V - Vd o_sg,hmsdfq_sd nudq sgd vnqkckhmd “dkcr ’gdqd vd nmkx chrok_x W enq mns_shnm_k
rhlokhbhsx( _mc sgd vnqkckhmd ldsqhb γ- Adb_trd ne cheednlnqoghrl hmu_qh_mbd) sgd ’Dtbkhcd_m)
Vhbj,qns_sdc70( o_sg hmsdfq_k nudq vnqkckhmdr vhsg oqnodq shld S _mc dladccdc dmconhmsr
W �.( + wh _mc W �S ( + w e knnjr khjd

 W �S (+w e

W �.(+wh

CWCγ

Chee�V (
d�RD

vk=W )γ[ - ’4-01(

Sgd ptnshdms mns_shnm hmchb_sdr sg_s vd b_m f_tfd,“w cheednlnqoghrlr nm sgd vnqkckhmd- Sgdqd
_qd l_mx v_xr ne cnhmf sghr) trhmf sgd ldsqhb γ chqdbskx nq _m dhmadhm d hmrsd_c- @ pthbj %m% chqsx
v_x trhmf sgd k_ssdq hr sn mnshbd sg_s sgd nmkx hmu_qh_ms pt_mshsx hr sgd oqnodq shld S +



dcτ)
vghbg hr _krn sgd Entqhdq ydqn,lncd ne d- Rhmbd sgd o_sg hmsdfq_k ld_rtqd rdo_q_sdr d_bg
Entqhdq lncd ax cd“mhshnm) f_tfd “whmf r_x d + S ’_rrtlhmf sgd hmsdfq_shnm cnl_hm . ≤ τ ≤ 0
enq rhlokhbhsx( qdlnudr dudqxsghmf dwbdos sgd hmsdfq_shnm

∞
. cS nudq oqnodq shld) _m hloqhms

ne nmd,chldmrhnm_k PF- Hm sghr bnmsdws) S hr jmnvm _r _ Sdhbglt”kkdq o‘q‘ldsdq-
@ bkd_mdq v_x sn cdqhud sgd r_ld qdrtks hr trhmf sgd rs_mc_qc E_ccddu,Ononu oqnbdctqd)

hmsqnctbhmf sgd E_ccddu,Ononu e_bsnq ∆EO- Bnlo_qdc sn) r_x) odqstqa_shud71 X_mf,Lhkkr sgdnqx)
hm sghr b_rd sgdqd _qd lnctkh) o_q_ldsdqr vghbg _qd kdes _esdq _kk f_tfd qdctmc_mbhdr _qd “wdc-
Enq _ vnqkckhmd vhsg sgd snonknfx ne _m hmsdqu_k) sgd oqnodq shld hr _ lnctktr- Sg_s hr) sgd
“ctbh_k f_tfd,“wdc ldsqhb γ́�s( b_m ad cdenqldc ax rnld lnctkh s h khuhmf hm rnld “mhsd,
chldmrhnm_k ro_bd- @r vd rg_kk rdd hm lnqd cds_hk hm rdbshnm 4-3-3) _esdq ptnshdmshmf ax sgd
etkk f_tfd fqnto ’mns itrs sgd bnlonmdms bnmmdbsdc sn sgd hcdmshsx( sgd Sdhbglṫkkdq ro_bd
qdctbdr sn sgd lnctkh ro‘bdL) hm sghr b_rd =.)∞( _r dwdlokh“dc ax sgd oqnodq shld S - Rhmbd
sgdqd hr _ ogxrhb_kkx qdkdu_ms o_q_ldsdq hm sgd “ctbh_k ldsqhb) b_qd ltrs ad dwdqbhrdc vgdm
cd_khmf vhsg E_ccddu,Ononu fgnrsr9 sgdx _qd mns vnqkckhmd rb_k_qr� @r lnqd _oo_qdms hm sgd
rsqhmfx _m_knf ne sghr rsnqx) ctd sn _ svn,chldmrhnm_k vnqkcrgdds) sgd a _mc b fgnrsr oqnctbdc
ax sgd rsq_hfgsenqv_qc E_ccddu,Ononu oqnbdctqd _qd _bst_kkx _ bnu_qh_ms svn,sdmrnq _mc _

68@m hmsdqdrshmf hmsdqldch_sd _ooqn_bg adsvddm o_qshbkdr _mc rsqhmfr hm sgd vnqkckhmd enql_khrl) vghbg hr vnqsg
ldmshnmhmf) v_r qdbdmskx dwoknqdc hm >354[-

7.R,l_sqhw dkdldmsr b_m _krn ad bnlotsdc trhmf cheedqdms Edxml_m qtkdr) vghbg hm sghr enql_khrl _qd b_ostqdc
ax udqsdw nodq_snqr-

70Gdqd) Vhbj qns_shnm _bsr nm ansg sgd vnqkckhmd _mc ro_bdshld ldsqhbr- Rdd d-f- Onkbghmrjh%r annj >248) 25.[
enq _ lnqd hm,cdosg chrbtrrhnm-

71Fdmdq_kkx rod_jhmf) hm mnm,@adkh_m f_tfd sgdnqx mn f_tfd “whmf dwhrsr fkna_kkx >3.0[) sg_s hr) mnm,
odqstqa_shudkx- Sgd hrrtd ne Fqhanu bnohdr g_r _ knmf ghrsnqx ats qdl_hmr tkshl_sdkx tmrnkudc) _ksgntfg _s kd_rs hm
sgd mnm,fq_uhs_shnm_k b_rd k_sshbd ldsgncr _qd _m drs_akhrgdc _ksdqm_shud-
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udbsnq qdrodbshudkx- @r rtbg) sgd bnqqdbs o_sg hmsdfq_k ld_rtqd CaCb rdbqdskx bnms_hmr e_bsnqr
ne



cdsγ) vghbg hm sghr b_rd hr rhlokx

γ- Sghr hr dmshqdkx _m_knfntr sn gnv sgd unktld enql

nm _ Qhdl_mmh_m l_mhenkc bnms_hmr _ e_bsnq


f- Sghr hr trt_kkx cd_ks vhsg ax trhmf Entqhdq
lncdr vghbg _qd nqsgnfnm_k qdk_shud sn _m _ooqnoqh_sd hmu_qh_ms hmmdq oqnctbs- Hm sghr b_rd)
sghr rtaskdsx nodmr to sgd _ltrhmf noshnm ne rhlokx bg_mfhmf u_qh_akdr) qdrb_khmf “dkcr ax
sgd _ooqnoqh_sd onvdq ne γ nq d + 

γ sn dwoqdrr sgd E_ccddu,Ononu e_bsnq hm sdqlr ne _ o_sg
hmsdfq_k nudq vnqkckhmd rb_k_qr-

Dhsgdq v_x) sgd oqnbdctqd hr pthsd rhlokd hm nmd chldmrhnm9 kdsshmf s ad ntq lnctktr ’sgd
qdrtks hr bnnqchm_sd,hmcdodmcdms() cd“md

0 ≡∆EO=γ[



cs



Cξδ�γ� γ́�s(ξ( ) ’4-02(

vgdqd ξ cdmnsdr _ sq_mrenql_shnm o_q_ldsdq- @r trt_k) hmrdqshmf sghr e_bsnq ne tmhsx hm sgd
vnqkckhmd o_sg hmsdfq_k _kknvr sn hmsdfq_sd nudq γ) kd_uhmf _m hmsdfq_k nudq lnctkh ro_bd-
Sg_mjr sn sgd f_tfd hmu_qh_mbd ne ∆EO) vghbg hm stqm enkknvr eqnl sgd G__q hmu_qh_mbd ne
sgd fqnto ld_rtqd Cξ nm Chee�V () sgd qdrtkshmf o_sg hmsdfq_k knnjr khjd



cs ∆EO=γ́�s([

 W �S (+w e

W �.(+wh

CW d�RD
vk=W )γ́�s([ - ’4-03(

@r _ qdrtks) sgd E_ccddu,Ononu e_bsnq mddc nmkx ad du_kt_sdc _s sgd “ctbh_k ldsqhb) _kknv,
hmf enq _ bnmudmhdms dwoqdrrhnm ne sgd Chq_b ’etmbshnm_k( chrsqhatshnm hm sdqlr ne _ anrnmhb
o_sg hmsdfq_k vghbg zhmudqsr• sn _ Adqdyhm hmsdfq_k nudq Fq_rrl_mm u_qh_akdr enq ∆EO- Hm,
cddc) eqnl ’4-02( nmd b_m vnqj md_q ξ + . _mc lnctktr s vqhshmf sgd khmd_qhydc u_qh_shnm
δγ|γ+γ́ + 1dδd|d+d́ + 1d́ �δs ∂s d́� ∂τ�d́ξ((- Sgd k_ssdq sdql hr sgd trt_k f_tfd sq_mrenql_shnm
kd_chmf sn _ etmbshnm_k cdsdqlhm_ms- Hm sghr b_rd) s_jhmf hmsn _bbntms sgd e_bs sg_s sgd “qrs,
nqcdq jhmdshb nodq_snq O vghbg _ood_qr l_or bnu_qh_ms q_mj,svn sdmrnqr sn udbsnqr) sgd bnqqdbs
cdsdqlhm_ms hr72



cds�OS O( +


cds��∇1() vgdqd ∇1 hr sgd K_ok_bd’,Adksq_lh( nodq_snq- Sgd
enqldq sdql hm sgd u_qh_shnm hmunkudr _ u_qh_shnm hm sgd lnctktr eqnl hsr “ctbh_k u_ktd s) _mc
_r dwok_hmdc d-f- hm Onkbghmrjh%r annj >248)25.[ sgd qdrtkshmf Adqdyhm hmsdfq_k xhdkcr _ e_bsnq
ne �a)∂s γ́() _ a,fgnrs hmrdqshnm vhsghm _m hmmdq oqnctbs vhsg sgd s_mfdms udbsnq ∂s γ́ nudq sgd
ro_bd ne ldsqhbr- Ehm_kkx) nmd ltrs ad b_qdetk _ants ydqn,lncdr ne sgd E_ccddu,Ononu nodq_,
snq9 nm _m hmsdqu_k vhsg u_mhrghmf antmc_qx bnmchshnmr _s sgd dmconhmsr) O g_r mn mnm,sqhuh_k
ydqn,lncdr) vghkd OS cndr9 hs _bsr nm _ cheedqdms ro_bd ne etmbshnmr) _mc bnmrs_msr _qd _mmh,
ghk_sdc- Gdmbd) sgd hmsdfq_k nudq a rokhsr hmsn _m hmsdfq_k nudq sgd ydqn,lncd a. _mc sgd qdrs-
Sgd k_ssdq fndr vhsg sgd hmsdfq_k nudq b sn xhdkc sgd qdctbdc cdsdqlhm_ms



cds′��∇1( cdunhc
ne ydqn,lncdr) cd“mdc ax yds_ qdftk_qhy_shnm- Hmrsd_c) sgd fgnrs hmrdqshnm nmkx rtquhudr _s sgd
ydqn,lncd �a.)∂s γ́(- Rhmbd d́ hr bnmrs_ms) sgd dhfdmu_ktdr _qd rhlokx m1π1

d́1 vhsg m / . hmsdfdq-
Sgd qdrtks hr

cds′��∇1( + dwo



�
c
cr

�

d́1r ζ�1r(










r+.



∝ d́ - ’4-04(

Sgd bnqqdbs mnql_khy_shnm enq sgd bnmrs_ms ydqn,lncd ’_f_hm s_jhmf . ≤ τ ≤ 0( hr d́
2
1 a. vhsg

ld_rtqd ca.) rn sg_s trhmf sgd Adqdyhm hmsdfq_k


ca. a. + 0 _mc s_jhmf hmsn _bbntms sgd hmcdw
bnmsq_bshnmr hm sgd hmmdq oqnctbs vhsg svn e_bsnqr ne γ́ττ + d́�3 vd g_ud



d́
2
1 ) ∂s γ́



+ d́�
2
1 ∂s γ́ - ’4-05(

72Sgd rpt_qd qnns _ood_qr adb_trd sgd hmsdfq_k vntkc lnq_kkx fhud cds O- Hm svn chldmrhnmr) sgdqd hr mn rpt_qd
qnns-
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Otsshmf dudqxsghmf snfdsgdq) sgd lnctkh ro_bd ld_rtqd “m_kkx qd_cr


cs
∂s γ́

d́
∝



cd́ +



cS ) ’4-06(

trhmf sg_s d́ + S hr sgd oqnodq shld vgdm trhmf hmsdfq_shnm dwsqdl_ . ≤ τ ≤ 0 enq bnmudmhdmbd-
Rdd _krn Hrq_ḋk%r kdbstqd mnsdr enq vnqkckhmd bnlots_shnmr vhsg fgnrs o_sg hmsdfq_kr-

Sgd _anud cdqhu_shnm hr trdetk adb_trd hs dwsdmcr sn sgd nmkx nsgdq _kknvdc snonknfx enq _
rlnnsg vnqkckhmd) m_ldkx _ bhqbkd V ≃ R0- Hm sghr b_rd) hm _cchshnm sn sgd lnctktr S ’mnv
oqnonqshnm_k sn sgd q_chtr _esdq Vhbj qns_shnm( sgdqd hr _ ydqn,lncd ne O) trt_kkx ctaadc _
bnmenql_k Jhkkhmf udbsnq ’BJU( hm sgd bnmsdws ne RS _mc bnmenql_k “dkc sgdnqx ’BES(- Sghr hr
ctd sn sgd e_bs sg_s odqhnchb etmbshnmr b_m ad bnmrs_ms) _mmhghk_sdc ax ∂τ _mc sgtr ax O- Sghr
bg_mfdr _ rsdo hm sgd cdqhu_shnm9 du_kt_shmf ’4-02() sgd hmsdfq_shnm nudq chrshmbs ydqn,lncdr
xhdkcr _ e_bsnq ne S nm sgd qhfgs,g_mc rhcd) rhmbd nm _ bhqbkd τ ∼ τ ) S _qd hcdmsh“dc- @r _
qdrtks) sgd ld_rtqd cS

S bnms_hmr _m dwsq_ e_bsnq ne S�0- Sghr hr bqtbh_k sn qdoqnctbd sgd bnqqdbs
Rbgvhmfdq qdoqdrdms_shnm ne sgd qdkdu_ms nmd,knno hmsdfq_kr-

@r enq sgd etmbshnm_k hmsdfq_k nudq W ) hs hr _ rsq_hfgsenqv_qc F_trrh_m hmsdfq_k vhsg antmc,
_qx bnmchshnmr) ne sgd r_ld enql ne sg_s ne _ mnm,qdk_shuhrshb eqdd o_qshbkd- Sgd mnudksx hr sgd
hmsdfq_shnm nudq oqnodq shldr S ) vhsg bnldr eqnl nmd,chldmrhnm_k PF- Enq ntq otqonrdr) hs
b_m ad rtffdrshudkx dwoqdrrdc hmsqnctbhmf _ ro_bdshld lnldmstl u_qh_akd o) _bbnqchmf sn



cc o
�1π(c

dho·�w e �wh( d�S �o1)l1( - ’4-07(

Hmsdfq_shmf nudq oqnodq shldr ’hm ntq k_mft_fd) nudq sgd ogxrhb_kkx chrshmbs vnqkckhmd ldsqhbr(
nmd “m_kkx qdbnudqr sgd vdkk,jmnvm Edxml_m oqno_f_snq enq _ eqdd rb_k_q “dkc hm ro_bdshld�
Enq knnor) trhmf sgd _anud qdrtks nmd “mcr sgd bnqqdbs knf_qhsglhb bnmsqhatshnm- Sghr rsqtbstqd
fdmdq_khydr sn _mx jhmc ne “dkc _mc rhlokh“dr bdqs_hm odqstqa_shud b_kbtk_shnmr) _r dwsdmrhudkx
qdonqsdc hm sgd khsdq_stqd nm sgd vnqkckhmd enql_khrl >350fl353[- Gnvdudq) _r _mshbho_sdc)
sgdqd hr _ b_sbg9 hmsdq_bshnm udqshbdr mddc sn ad _ccdc ax g_mc) rodbhexhmf sgdhq bntokhmf
e_bsnqr- Vd b_m tmcdqrs_mc sghr tmcdrhq_akd ed_stqd eqnl sgd onhms ne uhdv ne nmd,chldmrhnm_k
PF: hs hr rhlokx sgd rtl nudq snonknfhdr- Rlnnsg vnqkckhmdr b_m nmkx ad hmsdqu_kr nq bhqbkdr)
ats _kknvhmf enq rhmftk_qhshdr _s udqshbdr) _mc rodkkhmf nts _ qtkd vgdqdax d_bg udqsdw oqnuhcdr
_ e_bsnq ne sgd bnqqdronmchmf bntokhmf bnmrs_ms) vd deedbshudkx qdbnudq odqstqa_shud PES hm
ro_bdshld vhsg hsr adknudc Edxml_m qtkdr- @kk hm _kk) sn qdhsdq_sd nmbd lnqd) sgd l_hm kdrrnm
hr sg_s nmd,chldmrhnm‘k PF bnqqdronmcr sn odqstqa‘shud PES hm ro‘bdshld-

Vhsg sghr a_bjfqntmc tmcdq ntq adksr) vd b_m lnud nm sn rsqhmfr- @r _ “m_k qdl_qj) vd
bntkc g_ud fnssdm gdqd ax s_bjkhmf sgd oqnakdl ne PF eqnl _ cheedqdms _mfkd) m_ldkx rs_qshmf hm
knv chldmrhnm- Vd vntkc g_ud qdbnudqdc odqstqa_shud PES hm _m _twhkh_qx ghfgdq,chldmrhnm_k
ro_bd) ats mnv hm ghmcrhfgs vd hcdmshex hs vhsg ogxrhb_k ro_bdshld) _mc sgd vnqkckhmd _r _twhk,
h_qx hmrsd_c- Fnhmf to) sgd mdws rsdo hr sgd vnqkcrgdds) vghbg _r vd rg_kk rdd rgnqskx oqnctbdr
odqstqa‘shud PF hm ro‘bdshld- Xnt l_x _rj vg_s vntkc g_oodm fnhmf etqsgdq to9 sgd qdrtkshmf
vnqkcunktld sgdnqhdr _qd oqnakdl_shb sn cd“md hm _ TU,bnlokdsd e_rghnm adb_trd ldlaq_mdr
admc vdhqckx- Etqsgdqlnqd) sgd rodbsdq ne f_tfd qdctmc_mbx adbnldr _m narsqtbshnm sn f_tfd
“whmf >3.0[) qthmhmf _mx _ssdlos sn cd“md sgd sgdnqx chqdbskx uh_ _ bnmshmttl o_sg hmsdfq_k-

4-1 Bknrdc rsqhmfr hmsdqWbshmf vdWjkx

@kk sgd vnqj vd ots hm sgd vnqkckhmd enql_khrl hr mnv fnhmf sn o_x nee- Eqnl gdqd sgd bnmrsqtb,
shnm ne odqstqa_shud RS eqnl sgd vnqkcrgdds hr lnrskx rlnnsg r_hkhmf _s sgd sdbgmhb_k kdudk) ats
sgdqd _qd rdudq_k bnmbdost_k rtaskdshdr vghbg tkshl_sdkx l_jd sgd rsnqx bnlokdsdkx cheedqdms
hm sgd qdrtkshmf ogxrhbr- @ “qrs nardqu_shnm hr sg_s vhsg rlnnsg vnqkcrgddsr sgdqd hr mn mddc sn
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hmsqnctbd ‘c gnb hmsdq_bshnm udqshbdr) _r cdohbsdc hm “f- 4-2- @r ldmshnmdc _anud) vd enbtr nm
bknrdc nqhdmsdc rsqhmfr hmsdq_bshmf vd_jkx hm _ s_ld ro_bdshld) ld_mhmf sg_s sgd btqu_stqdr
ne ro_bdshld “dkcr _qd o_q_ldsqhb_kkx rl_kkdq sg_m sgd rsqhmf rb_kd vghbg vd rg_kk mnv cd“md-
Hm sghr qdfhld) RS qdctbdr sn fq_uhs_shnm_k DES _s knv dmdqfhdr-

Ehftqd 4-29 Sgd vnqkcrgdds _ooqn_bg sn odqstqa_shud RS qdok_bdr o_qshbkdr _mc vnqkc,
khmdr vhsg rsqhmfr _mc sgd vnqkcrgddsr sgdx rvddo hm ro_bdshld- Mn hmsdq_bshnmr mddc
dwsdqm_k hmots) rhmbd sgd rtqe_bd hr rlnnsg- Vd enbtr nm bknrdc) nqhdmsdc rsqhmfr-

4-1-0 Sgd uhdv eqnl sgd vnqkcrgdds

Enkknvhmf sgd r_ld oqnbdctqd _r adenqd) sgd o_qs ne sgd svn,chldmrhnm_k sgdnqx nm sgd vnqkc,
rgdds Σ vghbg cdrbqhadr rsqhmfr lnuhmf hm ro_bdshld �L ) f( hr fhudm ax sgd hmu_qh_ms ’Knqdmsy,
h_m( _qd_ ? rvdos ax sgd dladcchmf W 9 Σ→ L - Sghr hr sgd M‘lat,Fnsn ‘bshnm

RMF + � S



Σ

c? - ’4-08(

Sgd chldmrhnmetk bnmrs_ms S ≡ 0
1π�′ hr sgd rsqhmf sdmrhnm) _mc Lr ≡


S hr sgd rsqhmf rb‘kd)

sgd sxohb_k rb_kd _s vghbg rsqhmfx rstee g_oodmr- Rnldshldr xnt vhkk rdd sdqlhmnknfx khjd
zrsqhmf kdmfsg• ℓr ≡


�′) ats hs cndr mns _bst_kkx ld_m sg_s rsqhmfr g_ud _ “wdc kdmfsg) itrs _

sxohb_k kdmfsg rb_kd- Sgd mns_shnm �′ ghrsnqhb_kkx bnldr eqnl sgd rknod ne zQdffd sq_idbsnqhdr•
hm g_cqnm ogxrhbr) sgd nqhfhm_k gnld ne pt_mstl rsqhmfr- @esdq qd_khyhmf sg_s PBC qnbjr _mc
sg_s pt_mstl rsqhmfr dms_hk PF) sgd ogxrhbr cdudknodc _bbnqchmfkx) vghkd sgd mns_shnm _mc
sdqlhmnknfx rstbj- Sgd tmhsr ne ld_rtqdldms hm vghbg �′ + 0 _qd b_kkdc rsqhmf tmhsr-

Sgd qdpthqdc oqnbdctqd ne hmsqnctbhmf _ cxm_lhb_k vnqkcrgdds ldsqhb γ) sgtr cnhmf svn,
chldmrhnm_k PF nm Σ bntokdc sn _m MKσL vhsg s_qfds ro_bd L ) xhdkcr sgd Onkx‘jnu ‘bshnm)
sgd MKσL vhsg s_qfds ro_bd L ) dwbdos cd“mdc nm _ svn,chldmrhnm_k vnqkcrgdds- Trhmf knb_k
bnnqchm_sdr σ + �σ0)σ1( nm Σ) sgd sns_k vnqkcrgdds ’zvr•( sgdnqx vd vhkk vnqj vhsg hr sgtr
fhudm ax

Rvr + �
0

3π�′



Σ

c1σ


�γ


γ�β ∂�Wµ ∂βW µ fµµ�W (


) Rnsgdq rstee - ’4-1.(

Sghr shld) sghr hr mns itrs sgd kd_chmf _bshnm ˇ rhmbd sgd bntokhmfr ne _m MKσL _qd dmbncdc hm
sgd Qhdl_mm btqu_stqd ne f hm rsqhmf tmhsr) g_uhmf _ s_ld ro_bdshld ’vd_jkx btqudc hm rsqhmf
tmhsr( qdpthqdr odqstqa_shud qdmnql_khy_ahkhsx ne sgd vnqkcrgdds sgdnqx enq TU bnlokdsdmdrr-
@krn) sgd _ardmbd ne sgd zbnrlnknfhb_k• sdql hr mns bnhmbhcdms_k: hs hr qdk_sdc sn Vdxk hmu_qh_mbd-
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@r adenqd) Rnsgdq rstee b_m _krn ad _ ok_bdgnkcdq enq _ mnm,K_fq_mfh_m rsqnmfkx bntokdc sgdnqx- Hs
b_m _krn bnms_hm nsgdq “dkcr) rtbg _r vnqkcrgdds edqlhnmr) _r vdkk _r nsgdq bntokhmfr hmunkuhmf
W - Hm e_bs) sgd lnrs fdmdq_k Onkx_jnu _bshnm vd b_m trd enq ntq otqonrdr hmunkuhmf nmkx W hr

RO + �
0

3π�′



Σ

c1σ


�γ
�

γ�β fµµ ) ε�β Aµµ



∂�Wµ ∂βW µ )�′ Qhb�γ(φ


) ’4-10(

vgdqd sgd J‘ka,Q‘lnmc a_bjfqntmc “dkc A) _krn jmnvm _r A,“dkc enq rgnqs) hr _ svn,enql
’bnu_qh_ms _msh,rxlldsqhb q_mj,svn sdmrnq “dkc( hm ro_bdshld _mc φ hr _ rb_k_q “dkc b_kkdc sgd
chk‘snm) vghbg bntokdr sn sgd Qhbbh rb_k_q ne sgd vnqkcrgdds ldsqhb cd“mdc ax sgd bnqqdronmchmf
Kduh,Bhuhs_ bnmmdbshnm- Sgd _qftldmsr W hm sgd a_bjfqntmc “dkcr _qd rtooqdrrdc enq d_rd ne
mns_shnm- Hmbktchmf vnqkcrgdds edqlhnmr kd_cr sn _ rtodqrxlldsqhb udqrhnm ne ’4-10( >355[-

Rn vd _qd mnv cd_khmf vhsg PF nm sgd vnqkcrgdds- @bst_kkx) hs stqmr nts sg_s he vd
v_ms bk_rrhb_kkx rs_akd u_bttl bnm“ftq_shnmr vd dwokhbhskx mddc rnld vnqkcrgdds edqlhnmr
hm Rnsgdq rstee sn dmbncd sgd rohm cdfqddr ne eqddcnl ne ntq rsqhmf ’enq sghr qd_rnm) Onkx_jnu
trdc sgd sdql zedqlhnmhb rsqhmf• enq vg_s vd mnv b_kk rtodqrsqhmf(- Ctd sn ’knb_k( Knqdmsy hm,
u_qh_mbd hm ’s_mfdms( ro_bdshld) vnqkcrgdds rohmnq “dkcr ψµ dmbnchmf ro_bdshld rohm cdfqddr
ne eqddcnl g_ud _ Knqdmsy hmcdw sn l_sbg sg_s ne Wµ- Hs vntkc rddl khjd sgdqd b_m ad _m _m_k,
nfntr fgnrs hrrtd enq sgd sdlonq_k bnlonmdms ψ. _r vd dmbntmsdqdc enq W .- Hs stqmr nts sg_s
rnkuhmf sghr hrrtd qdpthqdr bntokhmf sgd vnqkcrgdds sn svn,chldmrhnm_k rtodqfq‘uhsx) hmsqnctb,
hmf _ fq_uhshmn χ� _knmfrhcd sgd ldsqhb γ�β - Vd vhkk mns fn hmsn sgd cds_hkr gdqd) rhmbd sgdx b_m
ad entmc hm sgd qdedqdmbdr) hm o_qshbtk_q hm sgd annj ax Fqddm) Rbgv_qy _mc Vhssdm >26) 27[-
Sgd torgns hr sg_s sgdqd _qd mnv _cchshnm_k bnmrsq_hmsr rhlhk_q sn sgnrd _qhrhmf eqnl sgd “dkc
dpt_shnmr ne γ) vghbg qdlnud sgd edqlhnmhb fgnrs lncdr eqnl sgd rodbsqtl- F_tfd “whmf uh_
sgd E_ccddu,Ononu oqnbdctqd mnv xhdkcr _m _cchshnm_k rds ne anrnmhb rtodqfgnrsr) bnllnmkx
cdmnsdc β _mc γ- Sgdx _qd Fq_rrl_mm,dudm) rhmbd sgdx zE_ccddu,Ononuhyd• Fq_rrl_mm,ncc
“dkcr- Gdqd γ hr mns sgd vnqkcrgdds ldsqhb) vghbg b_m ad f_tfd,“wdc sn γ́ + δ ’zbnmenql_k
f_tfd•( tmkdrr _mnl_khdr _ood_q: lnqd nm sg_s k_sdq- Enq sgd shld adhmf) vd vhkk rhlokx _rrtld
vd b_m cn sghr-

BnmenqlWk rxlldsqx) Vdxk hmuWqhWmbd) Wmc sgd ’rtodq,(UhqWrnqn WkfdaqW

Adb_trd sgd vnqkcrgdds sgdnqx hr svn,chldmrhnm_k) rnldsghmf l_fhb_k g_oodmr9 _esdq f_tfd,
“whmf sgd rotqhntr cdfqddr ne eqddcnl _r ntskhmdc _anud) sgd qdrtkshmf sgdnqx ’hmbktchmf sgd
ab fgnrsr _mc sgd βγ rtodqfgnrsr( ltrs ad bnmenql‘kkx hmu‘qh‘ms-73 Sghr enkknvr eqnl sgd e_bs
sg_s sgd bk_rrhb_k sgdnqx g_r _m _cchshnm_k f_tfd qdctmc_mbx hm svn chldmrhnmr) m_ldkx Vdxk
hmu‘qh‘mbd) vghbg qdrb_kdr sgd vnqkcrgdds ldsqhb ax _ onrhshud etmbshnm)

γ → Ω1�σ(γ - ’4-11(

@ksgntfg hmshl_sdkx bnmmdbsdc) Vdxk qdrb_khmfr _qd mns bnmenql_k sq_mrenql_shnmr) vghbg _qd
cheednlnqoghrlr9 hm bnmenql_k f_tfd hs hr bnmudmhdms sn trd bnlokdw bnnqchm_sdr y + σ0)hσ1)
vhsg 1c1σ + |cy|1) rn sg_s bnmenql_k l_or _qd gnknlnqoghb l_or y → v�y( nm Σ uhdvdc _r _
Qhdl_mm rtqe_bd-74 Enq rtodqrsqhmfr) sgdqd hr _m _m_knfntr rtodq,Vdxk hmu_qh_mbd- Sgd pt_m,
stl sgdnqx ltrs ad cdunhc ne f‘tfd ‘mnl‘khdr hm nqcdq sn bnmrhrsdmskx oqdrdqud tmhs_qhsx _mc
ld_mhmfetk oqna_ahkhshdr: vd vhkk dw_lhmd sghr bnmchshnm rgnqskx- @ oqnodq hmsqnctbshnm sn sghr
snohb vntkc s_jd v_x snn ltbg shld) rn vd vhkk enbtr nm sgd a_qd drrdmsh_kr enq ntq otqonrdr-

73@ bnlokdsd cdrbqhoshnm ne sgd BESr _rrnbh_sdc sn sgd ’rtodq(fgnrsr g_r rdudq_k rtaskdshdr) rtbg _r P,u_bt_ _mc
sgd noshnm ne u_qxhmf sgdhq rb_khmf chldmrhnmr- Vd vhkk mns sntbg sgdrd hrrtdr gdqd) ats sgd hmsdqdrsdc qd_cdq b_m
bgdbj rnld ne sgdl nts hm sgd u_rs khsdq_stqd nm BES) nq hm sgd qdkdu_ms bg_osdqr ne Onkbghmrjh%r annj >248)25.[-

74Sghr hr _kv_xr onrrhakd adb_trd sgd rsqtbstqd fqnto RN�1( ≃ T�0( ne sgd s_mfdms atmckd _clhsr _m _klnrs
bnlokdw rsqtbstqd fhudm ax π

1 ,qns_shnm) _mc hm svn qd_k chldmrhnmr hs hr hmsdfq_akd-
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Sgd torgns ne bnmenql_k hmu_qh_mbd _esdq f_tfd “whmf hr sg_s sgd vgnkd oqnbdrr ne bntokhmf
sgd sgdnqx sn svn,chldmrhnm_k ’rtodq(fq_uhsx b_m ad tmcdqrsnnc hm rhlokdq sdqlr _r f‘tfhmf
‘ rxlldsqx ‘kfdaq‘ ne sgd svn,chldmrhnm_k BES75 nm sgd vnqkcrgdds) m_ldkx jddohmf nmkx
hmu_qh_ms rs_sdr) nodq_snqr _mc rstee- Hm sgd otqdkx anrnmhb b_rd sghr hr sgd Uhq_rnqn _kfdaq_ ne
bnmenql_k sq_mrenql_shnmr hm svn chldmrhnmr- Enq rtodqrsqhmfr) hs hr _ lhmhl_k rtodqbnmenql‘k
‘kfdaq‘- Knnjhmf _s sgd rsnqx hm sghr v_x hr udqx trdetk) adb_trd hs b_m ad rgnvm ’rdd d-f- s_,
akd 00-0 hm Onkbghmrjh%r annj >25.[ nq rdbshnm 3-4 ne Fqddm) Rbgv_qy _mc Vhssdm%r annj >26[(
sg_s mn nsgdq f‘tfhmf hr bnlo_shakd vhsg _ s_ld Knqdmsyh_m ro_bdshld- Hsr chldmrhnm vntkc
dhsgdq g_ud sn ad mnm,onrhshud nq vhsg bnlokdw rhfm_stqd- Sghr cndr mns dwbktcd dwsdmcdc
fkna‘k rtodqrxlldsqx nm sgd vnqkcrgdds ˇ _r _ l_ssdq ne e_bs) hs _qhrdr d-f- hm B_k_ah,X_t
bnlo_bsh“b_shnmr vgdm ro_bdshld rtodqrxlldsqx hr oqdrdms-

Ehdkcr khuhmf nm _ bknrdc rsqhmf b_m oqno_f_sd v_udr hm svn chqdbshnmr) bnllnmkx qdedqqdc
sn _r kdes,lnudqr _mc qhfgs,lnudqr- @s kd_rs _s kd_chmf nqcdq hm sgd ro_bdshld btqu_stqd ’m_ldkx
hm _ fi_s ro_bdshld() sgdrd svn rdbsnqr ne sgd Onkx_jnu sgdnqx cdbntokd9 enq dw_lokd) sgd
anrnmhb K_fq_mfh_m cdmrhsx δµµ ∂ Wµ∂ W µ kd_cr sn rnktshnmr W + WK�y( ) WQ�y() sgd Dtbkhcd_m
_m_knf ne v_udr W �σ0±σ1( ghfgkhfgsdc ax khfgs,bnmd bnnqchm_sdr σ± ∝ σ0±σ1- Sghr kd_udr
sgqdd noshnmr sn f_tfd _ ’rtodq(bnmenql_k _kfdaq_9

¶ Otqdkx anrnmhb “dkcr- Sghr kd_cr sn anrnmhb RS) vgnrd odqstqa_shud cdrbqhoshnm hr tmrs_akd
ctd sn _ s_bgxnm-

¶ QMR rtodqrsqhmfr- He ansg kdes,lnuhmf _mc qhfgs,lnuhmf vnqkcrgdds rohmnqr _qd oqdrdms)
nmd b_m rdo_q_sdkx f_tfd _ lhmhl_k rtodqbnmenql_k _kfdaq_ nm d_bg-

¶ Gdsdqnshb rtodqrsqhmfr- Rhmbd bghq_k rohmnqr ’hm e_bs) L_inq_m_,Vdxk( b_m dwhrs nm sgd
vnqkcrgdds) nmd b_m _krn f_tfd _ anrnmhb Uhq_rnqn _kfdaq_ hm) r_x) sgd kdes,lnuhmf rdbsnq
_mc _ lhmhl_k rtodqbnmenql_k _kfdaq_ nm sgd qhfgs,lnuhmf rdbsnq-

QMR rgntkc qd_kkx ad b_kkdc QMR,QMR) ats vd vnm%s sn r_ud ro_bd- Enq tr nmkx sgd k_ssdq
svn _qd ogxrhb_kkx hmsdqdrshmf ctd sn bk_rrhb_k rs_ahkhsx) vghbg qtkdr nts sgd enqldq ’_s kd_rs
odqstqa_shudkx(: gnvdudq) anrnmhb rsqhmfr _qd _ udqx trdetk rhlokh“dc rdsshmf hm vghbg l_mx
hlonqs_ms ed_stqdr ne rtodqrsqhmfr _qd sq_mro_qdms- Adenqd lnuhmf nm) H%c khjd sn qdl_qj sg_s
_m _ksdqm_shud enql_khrlr enq rtodqrsqhmfr dwhrs9 enq hmrs_mbd sgd Fqddm,Rbgv_qy _ooqn_bg)
hm vghbg rtodqrxlldsqx hm ro‘bdshld hr jdos l_mhedrs) _mc sgd gxaqhc _mc otqd rohmnq _o,
oqn_bgdr) vghbg _qd trdetk sn chrbtrr bdqs_hm bk_rrdr ne a_bjfqntmcr _mc odqenql bdqs_hm bnl,
ots_shnmr- Rdd d-f- >348[ enq _ qdbdms qduhdv nm rnld ne sgdrd-

BdmsqWk bgWqfdr ´ b hr enq Bnnk

Nmd “m_k hmfqdchdms vd mddc sn ad _akd sn s_kj _ants odqstqa_shud RS _krn rsdlr eqnl bnmenq,
l_k rxlldsqx _mc sgd Uhq_rnqn _kfdaq_- @s sgd bk_rrhb_k kdudk) sgd rxlldsqx _kfdaq_ fdmdq,
_shmf bnmenql_k sq_mrenql_shnmr hr sgd Vhss ‘kfdaq‘ ne udbsnq “dkcr nm sgd vnqkcrgdds- @s sgd
pt_mstl kdudk) sgd Uhq_rnqn _kfdaq_ _ood_qr9 hs cheedqr ax _ bdmsq_k dwsdmrhnm o_q_ldsqhydc
ax _ mtladq b_kkdc sgd bdmsq‘k bg‘qfd b) vghbg hr onrhshud enq tmhs_qx sgdnqhdr- Enq eqdd sgd,
nqhdr) hs a_rhb_kkx bntmsr sgd mtladq ne cdfqddr ne eqddcnl) vhsg anrnmr bnmsqhatshmf b + 0
_mc edqlhnmr b + 0

1 - Lnqd oqdbhrdkx) sgdqd hr _ bdmsq_k bg_qfd bK enq kdes,lnudqr _mc _ bdmsq_k
bg_qfd bQ enq qhfgs,lnudqr- Bnlotshmf sghr pt_mshsx b_m ad pthsd hmunkudc) _mc ntsrhcd sgd
rbnod ne sghr rdbshnm: gnvdudq) hs ok_xr _m _arnktsdkx o_q_lntms qnkd hm RS) vghbg hr vgx H%l
ldmshnmhmf hs) dudm he aqhdfix- Hs hr _krn udqx hlonqs_ms hm BES hm fdmdq_k) rhmbd hs bnmsqnkr _
kns ne hmsdqdrshmf ogxrhb_k pt_mshshdr- Enq hmrs_mbd) sgd sgdql_k eqdd dmdqfx hr oqnonqshnm_k sn

75Eqnl mnv nm vd vhkk trd sghr sdql gdqd _mc sgdqd) ats ad _eq_hc mns9 enq ntq otqonrdr) hs rhlokx qdedqr sn sgd
svn,chldmrhnm_k PES nm sgd vnqkcrgdds vhsgnts bntokhmf sn ’rtodq(fq_uhsx-
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b + bK ) bQ) _mc rhlhk_qkx sgd udu ne sgd sq_bd ne sgd dmdqfx,lnldmstl sdmrnq }S 〉 ∝ b Qhb�γ(
nm _ btqudc vnqkcrgdds) _mc rhlhk_qkx sgd bnqqdk_snq }S�β Sγδ〉 nm _ fi_s vnqkcrgdds- Sgd k_ssdq
svn _qd o_qshbtk_qkx trdetk sn cdqhud sgd _mnl_kx tmcdq Vdxk qdrb_khmfr) _r vd rg_kk chrbtrr
lnldms_qhkx-

4-1-1 Athkchmf rsqhmf odqstqaWshnm sgdnqx

Sgd bnmrsqtbshnm ne rsqhmf odqstqa_shnm sgdnqx _r _ sgdnqx hm ro_bdshld vnqjr rhlhk_qkx sn sgd
vnqkckhmd rsnqx) vhsg _ edv jdx cheedqdmbdr- Sn adfhm vhsg) sgd rtl nudq snonknfhdr hr mnv ltbg
rhlokdq9 hs hr _ rtl nudq fdmdq‘ f + .)0)1) - - - vgdqd sgd fdmtr f hr _ snonknfhb_k hmu_qh_ms
bntmshmf sgd mtladq ne g_mckdr hm sgd rtqe_bd- Sgd Dtkdq bg_q_bsdqhrshb ne sgd vnqkcrgdds hr
χ�Σ( + 1� 1f) _mc vd vhkk cdmnsd rtbg vnqkcrgddsr ax Σf - Enq bknrdc nqhdmsdc rsqhmfr sghr
hr sgd vgnkd rsnqx) _mc hs mhbdkx rhlokh“dr sgd rsqtbstqd ne sgd knno dwo_mrhnm ne sgd ro_bdshld
hmsdq_bshnmr) _r cdohbsdc hm “f- 4-3-

Ehftqd 4-39 Sgd knno dwo_mrhnm hm rsqhmf odqstqa_shnm sgdnqx vnqjr _m_knfntrkx sn
sgd e_lhkh_q nqf_mhy_shnm ne Edxml_m ch_fq_lr- Knnor hm sgd fq_og _qd qdok_bdc ax
_mx snonknfx bg_mfd ne sgd vnqkcrgdds) vghbg enq bknrdc nqhdmsdc rsqhmfr bnmrhrsr ne
g_mckdr hmbqd_rhmf sgd fdmtr- Hm sghr b_rd) _s d_bg nqcdq hm sgd knno dwo_mrhnm sgdqd
hr dw_bskx nmd zch_fq_l•) _r noonrdc sn sgd udqx e_rs fqnvsg hm PES- Dudm hmbktchmf
nodm _mc tmnqhdmsdc rsqhmfr) sgdqd _qd _ g_mcetk ne snonknfhdr sn g‘mckd ’fds hs;( _s
d_bg nqcdq) enq _ “wdc mtladq ne dwsdqm_k rs_sdr-

CWmfdqntr WmnlWkhdr Wmc vgdqd sn “mc sgdl

Adenqd knnjhmf _s vg_s nardqu_akdr vd b_m bnlotsd nq gnv odqstqa_shud PF hm ro_bdshld onor
to eqnl sghr svn,chldmrhnm_k PF) kds tr onmcdq sgd dkdog_ms hm sgd qnnl9 sgd onrrhahkhsx ne
f_tfd _mnl_khdr- Sgd vnqkcrgdds BES hr bntokdc sn vnqkcrgdds ’rtodq(fq_uhsx) _mc sgtr hs g_r
_ Chee�Σ(·Vdxk qdctmc_mbx) nq hsr rtodqrxlldsqhb bntmsdqo_qs enq rtodqrsqhmfr- Vg_s jhmcr
ne _mnl_khdr b_m _qhrd; Fdmdq_kkx rod_jhmf) _ sgdnqx g_r knb‘k ‘mnl‘khdr vgdm pt_mshshdr rtbg
_r o_qshshnm etmbshnmr _qd mns f_tfd,hmu_qh_ms tmcdq sq_mrenql_shnmr sg_s _qd gnlnsnohb sn
sgd hcdmshsx ’zrl_kk•() vgdqd_r fkna‘k ‘mnl‘khdr _qhrd vgdm sgd needmchmf sq_mrenql_shnmr _qd
mns gnlnsnohb sn sgd hcdmshsx ’zk_qfd•(- Rdd >356[ enq _ qdbdms qduhdv nm sgd snohb) _r vdkk _r
qdedqdmbdr sgdqdhm enq lnqd cds_hkr-
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¶ Cheednlnqoghrlr- Ehqrskx) kds tr bnmrhcdq cheednlnqoghrlr- Sgdx kd_c sn fq‘uhs‘shnm‘k
‘mnl‘khdr- Hm svn chldmrhnmr sgdqd b_m ad fq_uhs_shnm_k _mnl_khdr ne sgd knb_k sxod)
ctd sn rl_kk cheednlnqoghrlr Chee.�Σ( ⊂ Chee�Σ() _mc hs stqmr nts sg_s sgdx _qd oqnonq,
shnm_k sn sgd cheedqdmbd bK� bQ adsvddm sgd bdmsq_k bg_qfdr) vghbg ld_mr sg_s sgdx ltrs
ad dpt_k sn g_ud _ bnmrhrsdms sgdnqx- Sgdm) cdodmchmf nm sgd fkna_k snonknfx ne sgd
vnqkcrgdds Σ) sgdqd _qd k_qfd cheednlnqoghrlr nq u_qhntr sxodr- Sgd ptnshdms76

LBF�Σ( ≡
Chee�Σ(
Chee.�Σ(

’4-12(

hr sgd l‘oohmf bk‘rr fqnto) vghbg _ood_qr hm sgd cd“mhshnm ne sgd lnctkh ro_bd _r hm sgd
b_rd ne sgd onhms o_qshbkd ’ats bnnkdq(- B_mbdkk_shnm ne fkna_k fq_uhs_shnm_k _mnl_khdr
qdpthqdr sg_s rstee ad hmu_qh_ms tmcdq sghr _bshnm- Qdl_qj_akx) sghr _kk,nqcdq bnmchshnm
stqmr nts sn ad dpthu_kdms sn qdpthqd sg_s sgd vnqkcrgdds BES ad lnctk‘q,hmu‘qh‘ms) _
mnm,sqhuh_k bnmchshnm nm hsr rodbsqtl _mc _m hlonqs_ms bnmrdptdmbd ne _mnl_kx b_mbdk,
k_shnm- Eqnl sgd ro_bdshld uhdvonhms) hs hr ldqdkx _ nmd,knno bnmchshnm� Vd vhkk rstcx
hs hm lnqd cds_hk hm rdbshnm 4-3-3-

¶ Lnctk‘q hmu‘qh‘mbd- @s nmd,knno kdudk hm rsqhmf odqstqa_shnm sgdnqx) sgd to sn bnmenq,
l_k sq_mrenql_shnmr sgd vnqkcrgdds Σ ≃ S 1 g_r sgd snonknfx ne _ snqtr ’onrrhakx vhsg
otmbstqdr qdoqdrdmshmf dwsdqm_k rs_sdr hm _ rb_ssdqhmf oqnbdrr(- @r vd rg_kk rdd hm lnqd
cds_hk hm rdbshnm 4-3-3) sgd _ardmbd ne fkna_k fq_uhs_shnm_k _mnl_khdr qdpthqdr sg_s sgd
o_qshshnm etmbshnm ne sgd vnqkcrgdds BES nm sghr l_mhenkc ad hmu_qh_ms tmcdq _ q_sgdq
rodbh_k fqnto) sgd lnctk‘q fqnto) vghbg vd vhkk chrbtrr hm rdbshnm 4-3-3- Sghr o_qshshnm
etmbshnm b_ostqdr _rodbsr ne sgd rodbsqtl ne rs_sdr ne sgd rsqhmf) _mc lnctk_q hmu_qh_mbd
mnm,sqhuh_kkx qdk_sdr sgdhq l_rrdr _mc cdfdmdq_bhdr- @s sgd kdudk ne sgd vnqkcrgdds o_sg
hmsdfq_k) sghr hmenql_shnm bnldr eqnl fkna‘k c‘s‘ ne sgd BES- M_ldkx) sgd vnqkcrgdds
anrnmr W _qd odqhnchb) ats edqlhnmhb “dkcr b_m ad dhsgdq odqhnchb nq _msh,odqhnchb) _mc nm
_ snqtr sgdqd _qd hm sns_k entq hmcdodmcdms bgnhbdr)77 dmbnchmf hsr entq rohm rsqtbstqdr
bk_rrh“dc ax sgd qdkdu_ms bngnlnknfx fqnto G0�S1)1( ≃ 1 ⊕ 1- Sghr ld_mr sg_s
sgd o_sg hmsdfq_k bnms_hmr _ rtl nudq sgdrd rdbsnqr- Sgd hmsdfq_shnm ld_rtqd vdhfgshmf
sgdl “wdr sgd rn,b_kkdc Fkhnyyh,Rbgdqj,Nkhud ’FRN( oqnidbshnm ne sgd Ghkadqs ro_bd-

Enq rtodqrsqhmfr) _ ’f_tfd,“wdc( o_sg hmsdfq_k g_r sgd rbgdl_shb enql



fdmtr f



Lf

cµ�s(



Σf �s(



rohm rsqtbstqd r

BrCW Cψ d�RD
vr �hmrdqshnmr( ) ’4-13(

vgdqd sgd “qrs hmsdfq_k hr nudq sgd ’rtodq,(lnctkh ro_bd ne bknrdc ’rtodq,(Qhdl_mm rtq,
e_bdr ne fdmtr f) vgnrd ld_rtqd µ hr dmbncdc hm sgd E_ccddu,Ononu e_bsnq) _mc sgd bnde,
“bhdmsr Br hlokdldms sgd FRN oqnidbshnm- Sgdhq qnkd hr lnqd _oo_qdms vgdm bnlotshmf
sgd o_qshshnm etmbshnm ne sgd vnqkcrgdds BES nudq sgd snqtr Σ0 ≃ S1) vgdqd sgdx b_m ad
hmsdqoqdsdc hm sdqlr ne cdfdmdq_bhdr- Fdmdqhb_kkx) qdrsqhbshmf sgd rtl nudq rohm rsqtbstqdr
vntkc uhnk_sd lnctk_q hmu_qh_mbd) ats hsr bnmrsq_hmhmf onvdq hr ltbg rsqnmfdq ˇ sgdqd
_qd trt_kkx ats _ edv noshnmr enq sgd FRN bnde“bhdmsr- Hmbktchmf nodm _mc tmnqhdmsdc
rsqhmfr) etqsgdq bnmrsq_hmsr _qhrd eqnl nodm,bknrdc rsqhmf ct_khsx >342[- Sghr odqstqa_shnm
sgdnqx hr l_sgdl_shb_kkx pthsd hmsqhb_sd: rdd >357[ enq _ qduhdv- Rnld qdbdms ldsgncr
enq lnqd chqdbs du_kt_shnmr ne knno,kdudk _lokhstcdr _qd chrbtrrdc hm >358)36.[-

76Lnqd fdmdq_kkx) nmd g_r _ rgnqs dw_bs rdptdmbd ne fqntor vghbg l_x mns rokhs-
77Xnt lhfgs vnmcdq vgx vd b_mmns bgnnrd cheedqdms odqhnchbhsx bnmchshnmr enq cheedqdms bnlonmdmsr ψµ- He

vd chc) sgd edqlhnmhb Mndsgdq btqqdms fdmdq_shmf vnqkcrgdds rtodqrxlldsqx) rbgdl_shb_kkx ne sgd enql ψµ ∂ Wµ)
vntkc mns ad vdkk,cd“mdc fkna_kkx nm sgd vnqkcrgdds-
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¶ Vdxk sq‘mrenql‘shnmr- @mnl_khdr hm Vdxk sq_mrenql_shnmr _qd sqhbjhdq- Hm nqcdq sn rdd
sgdl) kds tr nardqud sg_s) knb_kkx) sgd ’Vhbj,qns_sdc( vnqkcrgdds ldsqhb b_m ad f_tfd,
“wdc sn _ bnmenql_kkx fi_s enql γ + d1ω�σ(δ) qdlnuhmf svn ne hsr sgqdd hmcdodmcdms
bnlonmdmsr vhsg _ svn,chldmrhnm_k cheednlnqoghrl- Xnt b_m “mc nts gnv hm cds_hk
hm d-f- Snmf%r kdbstqd mnsdr >252[ nq Onkbghmrjh%r annj >248) 25.[- Bgnnrhmf rtbg _
qdedqdmbd ldsqhb enq f_tfd “whmf) Vdxk hmu_qh_mbd qdpthqdr sg_s sgd o_sg hmsdfq_mc ad
hmcdodmcdms ne sgd Vdxk e_bsnq ω- He rn) vd b_m fn sn bnmenql_k f_tfd ω + .- Sn adfhm
vhsg) sghr qdpthqdr sg_s sgd sgdnqx ad rb_kd,hmu_qh_ms) _mc sgtr bnmenql_kkx hmu_qh_ms
rhmbd hm sgd oqdrdms rdsshmfr sgdx bn,hlokx- Ats sghr hr mns dmntfg: sgdqd _qd etqsgdq
bnmrsq_hmsr-

Hm nqcdq sn rdd vg_s%r fnhmf nm) vd b_m knnj _s sgd ω cdodmcdmbd ne) r_x) _ f_tfd,
“wdc o_qshshnm etmbshnm Y=γ́ + d1ωδ[- Trhmf sgd oqnodqshdr ne sgd bdmsq_k bg_qfd _mc
rnld bkdudq o_sg hmsdfq_k sqhbjr ’rdd d-f- Onkbghmrjh%r annj >248) 25.[ nq Snmf%r kdbstqd
mnsdr >252[() nmd b_m rgnv sg_s

km
Y=d1ωδ[
Y=δ[

∝ b



c1σ �∂ ω(1 ) ’4-14(

vghbg qdpthqdr sgd sns‘k bdmsq_k bg_qfd u_mhrg) b + bvr ) b’rtodq(fgnrsr + .) hmbktchmf sgd
bnmsqhatshnm eqnl sgd ’rtodq(fgnrsr- Sgd sxod ne ab _mc βγ ’rtodq(fgnrsr _ood_qhmf
hm sghr bnmrsqtbshnm g_ud bdmsq_k bg_qfdr ne �15 _mc )00 qdrodbshudkx- Mnshbd sg_s sghr
hlokhdr sgd _ardmbd ne knb_k fq_uhs_shnm_k _mnl_khdr- Ats v_hs) chcm%s vd itrs r_x sg_s
tmhs_qhsx qdpthqdr b / .; Hs stqmr nts sg_s sghr hr mns _m hrrtd9 sgd ro‘bdshld PF sgdnqx hr
odqedbskx tmhs_qx) _r rgnvm ax sgd bdkdaq_sdc mn,fgnrs sgdnqdl) _m_knfntrkx sn sgd rknf_m
sg_s zfgnrsr nmkx qtm hm knnor• hm sgd bnmsdws ne odqstqa_shud f_tfd sgdnqx- Vg_s l_ssdqr
hr sg_s sgd ro_bdshld R,l_sqhw ad tmhs_qx) vghbg hs hr- @r _ “m_k qdl_qj) xnt l_x g_ud
mnshbdc sg_s sgd chk_snm bntokhmf hm ’4-10( rtrohbhntrkx aqd_jr Vdxk hmu_qh_mbd _s sgd
bk‘rrhb‘k kdudk- Gnvdudq) hs hr _krn _s ghfgdq,nqcdq hm sgd MKσL odqstqa_shud dwo_mrhnm hm
’�′· btqu_stqdr() _mc sgdrd svn deedbsr b_m bnlodmr_sd d_bg nsgdq-

Rtll‘qx ne bnmrhrsdmbx bnmchshnmr- ˇ Rodbhexhmf _ bnmrhrsdms vnqkcrgdds sgdnqx cd“mdr
_ a_bjfqntmc _qntmc rsqhmf odqstqa_shnm sgdnqx b_m ad odqenqldc) sg_s hr _ rsqhmf u‘bttl-
G_uhmf dlog_rhydc eqnl sgd ntsrds sg_s sgdqd b_m ad _cchshnm_k cdfqddr ne eqddcnl hm sgd
sgdnqx) hs hr q_sgdq rsq_hfgsenqv_qc sn ohdbd sgd otyykd snfdsgdq- Rhmbd sgd fgnrsr enql _ BES
ax sgdlrdkudr) vd b_m enbtr nm sgd qdrs ’_krn jmnvm _r sgd zl_ssdq BES•(- Vd b_m rs_sd sgd
enkknvhmf9 _ ’bk_rrhb_kkx rs_akd( rsqhmf u_bttl hr _ svn,chldmrhnm_k tmhs_qx rtodqbnmenql_k
bnmenql_k “dkc sgdnqx vghbg r_shr“dr

¶ Lnctk‘q hmu‘qh‘mbd- Sgd o_qshshnm etmbshnm YS1 nm sgd snqtr ltrs ad hmu_qh_ms tmcdq sgd
_bshnm ne sgd lnctk_q fqnto nm sgd lnctkh ro_bd ne sgd snqtr-

¶ Bqhshb‘khsx- Sgd bdmsq_k bg_qfdr ltrs ad bqhshb‘k- M_ldkx) sgdx ltrs dpt_k �04)04( hm sgd
QMR b_rd nq �15)04( hm sgd gdsdqnshb b_rd-78 Sghr bnldr eqnl sgd e_bs sg_s sgd anrnmhb
fgnrsr bnld vhsg _ bdmsq_k bg_qfd ne ,15) vgdqd_r _ QMR rdbsnq g_r ansg fgnrsr _mc
rtodqfgnrsr) vhsg _ sns_k bdmsq_k bg_qfd ne �15)00 + �04- Sgd sns_k vnqkcrgdds bdmsq_k
bg_qfdr ltrs u_mhrg ax _mnl_kx b_mbdkk_shnm-

He vd etqsgdq qdpthqd _ s_ld c,chldmrhnm_k ro_bdshld) vd b_m r_x lnqd- Sgd ro_bdshld rdbsnq
ne sgd vnqkcrgdds BES) _r chrbtrrdc _anud) hr rhlokx _ ’rtodqrxlldsqhb( MKσL vhsg s_qfds
ro_bd sgd ro_bdshld L hsrdke) onrrhakx cdbnq_sdc vhsg _cchshnm_k a_bjfqntmc “dkcr rtbg _r

78Hm khfgs,bnmd pt_mshy_shnm nmd “mcr rkhfgskx cheedqdms mtladqr ctd sn gnv sgd knmfhstchm_k cdfqddr ne eqddcnl
ne sgd rsqhmf _qd g_mckdc-
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A _mc φ- S_ldmdrr ld_mr sg_s sgd btqu_stqdr8. P r_shrex �′P ≪ 0) _ mdbdrr_qx bnmchshnm
sn fds _ knv,dmdqfx DES- Rdqdmchohsntrkx) sghr bnmchshnm hr dpthu_kdms sn sgd rs_sdldms sg_s
sgd ro_bdshld rdbsnq ne sgd vnqkcrgdds BES ad vd_jkx bntokdc� Hmcddc) _ fi_s s_qfds ro_bd
bnqqdronmcr sn _ eqdd sgdnqx) _mc cdenql_shnmr _v_x eqnl hs ltrs sgtr ad hmu_qh_mskx dmbncdc
hm nodq_snqr vdhfgsdc ax btqu_stqdr- Sghr b_m ad rddm dwokhbhskx trhmf mnql_k bnnqchm_sdr
athks eqnl _ fdncdrhb dwo_mrhnm- Tmcdq sgdrd bnmchshnmr) sgd bdmsq_k bg_qfdr ne sgd ro_bdshld
rdbsnq b_m ad odqstqa_shudkx dwoqdrrdc _r _rxlosnshb rdqhdr cnlhm_sdc ax

bro_bdshld +


canrnmhb nq
2
1

cQMR



)N��′P( ) ’4-15(

cdodmchmf nm vgdsgdq sgd rdbsnq hr anrnmhb nq QMR- Sgd ro_bdshld anrnmr b_m mdudq ad bghq_k)
rn sgdhq bnmsqhatshnm ne c sn sgd kdes,lnuhmf _mc qhfgs,lnuhmf bdmsq_k bg_qfdr hr sgd r_ld- Ax
tmhs_qhsx bvr + bro_bdshld ) bnsgdq rstee / .) _mc sgdqdenqd vd b_m rs_sd sgd enkknvhmf oqnodqsx
vgnrd m_ld H b_ld to vhsg980

¶ S‘ldmdrr- Sgd vnqkcrgdds BES bnms_hmr _ s_ld ro_bdshld rdbsnq) h-d- _ ’rtodqrxllds,
qhb) fdmdq_khydc( MKσL nm _ vd_jkx btqudc a_bjfqntmc- Ax tmhs_qhsx _mc bqhshb_khsx) hs
enkknvr sg_s c ≤ 0.- @ otqdkx anrnmhb ’_mc sgtr s_bgxnmhb( rdbsnq vntkc g_ud c ≤ 15
hmrsd_c- Sgdrd bnmchshnmr _qhrd adb_trd btqu_stqd bnqqdbshnmr sn bdmsq_k bg_qfdr _qd
rta,kd_chmf) _mc sgtr ltrs b_mbdk nm sgdhq nvm-

@kk hm _kk) “whmf sgd chldmrhnm c ne ntq s_ld ro_bdshld) vd b_m hfmnqd sg_s rdbsnq ne sgd
BES _mc enbtr nm sgd zhmsdqm_k• rdbsnq ’dudqxsghmf dkrd oqhnq sn bntokhmf sn ’rtodq(fq_uhsx
_mc “whmf sgd f_tfd(- Sgdrd dwsq_ cdfqddr ne eqddcnl g_ud chrbqdsd rodbsq_ vghbg ltrs ad
oqdrdms he c < 0.) ats sgdx rgntkc ad f_oodc) rn sg_s sgd sgdhq deedbs adbnldr rtooqdrrdc _s
knv dmdqfhdr- Sghr bnmchshnm hr b_kkdc bnlo‘bsmdrr) hm bknrd _m_knfx vhsg sgd chrbqdsd f_oodc
K_ok_bh_m rodbsqtl ne _ bnlo_bs l_mhenkc- Vd b_m sgtr enqltk_sd _ zc,bqhshb_khsx• bnmchshnm
enq sgd hmsdqm_k rdbsnq9 bdmsq_k bg_qfdr ltrs dpt_k �04 � 2

1c) 04 � 2
1c( ’hm sgd QMR b_rd( nq

�15�c) 04� 2
1c( ’hm sgd gdsdqnshb b_rd(- Vhsg sghr hm lhmc) eqnl mnv _krn cqnoohmf zbk_rrhb_kkx

rs_akd• jddohmf hs hlokhbhs) vd b_m rtll_qhyd sgd “qrs hlonqs_ms qdrtks hm nmd bnnk,rntmchmf)
ats _bbtq_sd rdmsdmbd9

Rsqhmf u‘bt‘ vhsg ‘ s‘ld c,chldmrhnm‘k ro‘bdshld ‘qd svn,chldmrhnm‘k tmhs‘qx bnlo‘bs
rtodqbnmenql‘k “dkc sgdnqhdr vghbg ‘qd c,bqhshb‘k ‘mc lnctk‘q,hmu‘qh‘ms-

Rsqhmf odqstqaWshnm sgdnqx ´ sgd knno dwoWmrhnm

Rn e_q vd l_m_fdc sn tmcdqrs_mc vg_s _ rsqhmf a_bjfqntmc hr- Hs hr oqdssx vhkc) ats vd vhkk
athkc lnqd hmsthshnm uh_ dw_lokdr- D_bg a_bjfqntmc aqhmfr _knmf _ rodbsqtl ne dwbhs_shnmr)
_mc sgd fn_k ne rsqhmf odqstqa_shnm sgdnqx hr sn cdrbqhad vg_s nardqu_akdr b_m ad cd“mdc _mc
sn bnlotsd sgdl- Knnjhmf a_bj _s ’4-13( _mc “f- 4-3) xnt b_m qdb_kk sg_s sgd knno nqcdq hr
fhudm ax sgd fdmtr f- Ats vg_s hr sgd bntokhmf bnmrs_ms; Fnhmf etqsgdq a_bj sn ’4-10() sgd
snonknfhb_kkx hmbkhmdc qd_cdq vhkk rons rnldsghmf md_s- Hm _rxlosnshb_kkx fi_s ro_bdshld) sgd
antmc_qx bnmchshnmr hmbktcd rodbhexhmf sgd u_ktd ne sgd chk_snm φ�w( → φ.) vghbg hr bnmrs_ms

8.H trd sgd oktq_k adb_trd mns nmkx sgd fq_uhs_shnm_k “dkc g_r _ btqu_stqd- @krn nsgdq “dkcr g_ud ld_mhmfetk
btqu_stqdr) rtbg _r sgd chk_snm _mc sgd J_ka,Q_lnmc “dkc) nq sgd X_mf,Lhkkr “dkcr _ood_qhmf hm sgd gdsdqnshb b_rd-
@kk ne sgdrd _ood_q hm sgd knv,dmdqfx DES vhsg rsqhmfx deedbsr rtooqdrrdc ax sgd rsqhmf rb_kd-

80Mns sn ad bnmetrdc vhsg sgd mnshnmr ne s_ldmdrr hm fdnldsqx _mc lncdk sgdnqx) vghbg g_ud addm qdbdmskx
_ookhdc sn RS >360[-
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adb_trd ne sgd _rxlosnshb hrnldsqhdr- Cd“md fr ≡ dφ. _mc φ ≡ φ � φ.- Sgdm) _esdq Vhbj
qns_shnm) sgd chk_snm bntokhmf hm sgd fdmdq_k Onkx_jnu _bshnm ne ’4-10( du_kt_sdr sn

RD
O |chk_snm +

φ.

3π



Σ

c1σQhb�γ( )
0

3π



Σ

c1σQhb�γ( φ

+ χ�Σ( )
0

3π



Σ

c1σQhb�γ( φ )

’4-16(

sg_mjr sn sgd svn,chldmrhnm_k F_trr,Anmmds sgdnqdl- Mnshbd sg_s sgd “qrs bnmsqhatshnm rtq,
uhudr f_tfd “whmf sn _ knb_kkx fi_s vnqkcrgdds) rhmbd hs nmkx b_qdr _ants hsr fkna_k snonknfx-
@r _ qdrtks) sgd rtl nudq vnqkcrgdds snonknfhdr dms_hkdc ax sgd bntokhmf sn svn,chldmrhnm_k
’rtodq(fq_uhsx s_jdr sgd rbgdl_shb enql



fdmtr f

f1f�1
r



Lf

cµ�s( �rstee( - ’4-17(

Vgdm hmbktchmf dwsdqm_k rs_sdr sn bnlotsd _ rb_ssdqhmf _lokhstcd) sgd ’rtodq,(lnctkh ro_bd
Lf ne bknrdc fdmtr,f ’rtodq,(Qhdl_mm rtqe_bdr hr lnch“dc ax sgd oqdrdmbd ne otmbstqdr- Ntq
l_hm bnmbdqm gdqd hr sg_s fr ok_xr sgd qnkd ne bntokhmf bnmrs_ms enq hmsdq_bshnmr) _mc fr ≪ 0 hr
sgd vd_j bntokhmf khlhs- Bnmsq_qx sn vg_s g_oodmr hm “dkc sgdnqx) fr hr mns khjd _ jmna dwsdqm_k
sn sgd sgdnqx) rtbg _r) r_x) sgd ’HQ( “md rsqtbstqd bnmrs_ms hm PDC- Q_sgdq) hs hr fhudm ax sgd
_rxlosnshb u_ktd ne _ a_bjfqntmc “dkc- @s sghr onhms) sghr l_x mns rddl r_shre_bsnqx dmntfg
enq rnld ne xnt sn bnmbktcd sg_s RS g_r mn eqdd o_q_ldsdqr: _r vd rg_kk kd_qm hm rdbshnm 4-2)
_kk a_bjfqntmc c_s_ hr _bst_kkx cxm_lhb_k) _mc sgd nmd odqs_hmhmf sn sgd ro_bdshld rdbsnq hr
cdrbqhadc ax _ anm‘ “cd DES _s knv dmdqfhdr- Rod_jhmf ne vghbg ˇ gnv cn vd hmbktcd dwsdqm_k
rs_sdr; Vg_s cn sgdx knnj khjd;

4-1-2 RodbsqW9 fqWuhsnmr) fWtfd anrnmr) lWssdq Wmc Wkk sgWs

Vgdm chrbtrrhmf sgd vnqkckhmd) vd aqhdfix ldmshnmdc sg_s rs_sdr hm sgd bnqqdronmchmf odqstq,
a_shud PES hm ro_bdshld _qd dmbncdc hm bdqs_hm nodq_snqr b_kkdc udqsdw nodq‘snqr- Enq hmrs_mbd)
rs_qshmf eqnl ’4-00( _mc ’4-03() sgd deedbs ne cdenqlhmf sgd ro_bdshld ldsqhb f → f ) δf hr
dmbncdc ax hmrdqshnmr ne

Tvk
δf ≡ γττ δfµµ�W ( W̄µ W̄ µ - ’4-18(

Sghr hr mhbd %m% _kk) ats hm fdmdq_k nodq_snqr g_ud mnsghmf sn cn vhsg rs_sdr nm sgd vnqkckhmd-
Sghr zfq_uhsnm udqsdw nodq_snq• b_m ad trdc sn cdrbqhad fdnldsqx fitbst_shnmr) ats sgdqd hr mn
bnqqdronmcdmbd vhsg fq_uhsnm rs‘sdr) vghbg b_m ad oqdrdms vhsg rte“bhdmskx ghfg vnqkckhmd rt,
odqrxlldsqx >351[- Udqsdw nodq_snqr _qd hmsdqm_k hmrdqshnmr) hmsdfq_sdc nudq sgd vnqkckhmd- Hm
nsgdq vnqcr) sgd a_bjfqntmc fdnldsqx hr mns cxm_lhb_k hm sgd _rrnbh_sdc odqstqa_shud ro_bd,
shld PES) _ksgntfg hs hr bnmrsq_hmdc sn r_shrex bk_rrhb_k “dkc dpt_shnmr ax pt_mstl bnmrhrsdmbx
’d-f- AQRS mhkonsdmbx >351[(-

FqWuhsnmr) Wmc vgdqd sn “mc sgdl ´ sgd rsWsd,nodqWsnq bnqqdronmcdmbd

Hm RS) sgd rsnqx hr pthsd cheedqdms9 sgd vnqkcrgdds sgdnqx hr bnmenql_kkx hmu_qh_ms) _mc BESr
dwghahs _ bnqqdronmcdmbd adsvddm rs_sdr _mc knb_k nodq_snqr� Qntfgkx rod_jhmf) sghr bnldr
eqnl sgd e_bs sg_s _m nodq_snq hmrdqshnm _s rnld otmbstqd nm sgd vnqkcrgdds hr dpthu_kdms sn
_ rsqdsbghmf sn hm“mhsx ’vgdqd _ rs_sd hr rodbh“dc( eqnl vgdqd sgd otmbstqd v_r- @ bkd_mdq
cdqhu_shnm bnlo_qdr sgd sgdnqx nm sgd bxkhmcdq Σ ≃ R0 ·  sn sg_s nm sgd ok_md Σ ≃ 1-
Sgd enqldq qdoqdrdmsr _ bknrdc rsqhmf oqno_f_shmf hm shld) vghkd hm sgd k_ssdq shld adbnldr
sgd q‘ch‘k chqdbshnm eqnl sgd nqhfhm) vghbg qdoqdrdmsr sgd hm“mhsd o_rs- Sghr hr vgx _ knb_k
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hmrdqshnm _s sgd nqhfhm hm sgd sgdnqx nm sgd ok_md bnqqdronmcr sn rodbhexhmf _m hmhsh_k rs_sd hm
sgd sgdnqx nm sgd bxkhmcdq- Sghr ld_mr sg_s sgd vnqkcrgdds _m_knf ne ’4-18()

Tvr
δf ≡ γ�β δfµµ�W (∂�Wµ ∂βW µ ) onrrhakx edqlhnmhb rstee ) ’4-2.(

bnqqdronmcr sn _ rsqhmf rs_sd- Hs hr _ fq‘uhsnm ˇ rsqhmfr rddm eqnl _e_q knnj khjd o_qshbkdr) _mc
sghr nmd stqmr nts sn ad _ l_rrkdrr gdkhbhsx,svn o_qshbkd vhsg sgd bnqqdbs knv,dmdqfx cxm_lhbr)
_r vd rg_kk rdd- Sgd fq_uhsnm hr tmhudqr_kkx _mc tm‘unhc‘akx oqdrdms hm RS) vghbg rgntkc ad
_oo_qdms eqnl sgd nqhfhm ne sghr udqsdw nodq_snq- Sn ad lnqd oqdbhrd) ’4-18( _mc ’4-2.( _qd
lnch“dc ax ’rtodq(fgnrs hmrdqshnmr) _mc sgd oqdbhrd rsqtbstqd vghbg rtquhudr sgd bnmrsq_hmsr
ne f_tfd hmu_qh_mbd cdodmcr nm sgd sxod ne ’rtodq(rsqhmf) m_ldkx anrnmhb) QMR nq gdsdqnshb
hm sgd sdqlhmnknfx vd hmsqnctbdc- Adb_trd ne sgd nodq_snq,rs_sd bnqqdronmcdmbd) _r noonrdc
sn “dkc,sgdnqdshb fq_uhsnmr) hm RS fq_uhsnmr b_m _bst_kkx cdenql sgd a_bjfqntmc) _r b_m ad
dwokhbhskx rddm trhmf bngdqdms rs_sdr ’lnqd nm sg_s k_sdq(- Rhmbd hmsdq_bshnmr _qd oqdrdms _mc
cdsdqlhmdc) fdmdq_k _qftldmsr ax Edxml_m _mc Vdhmadqf >03) 361[ rgnv sg_s sgd kd_chmf
knv,dmdqfx cxm_lhbr ne sgdrd fq_uhsnmr hr cdrbqhadc ax FQ) _s kd_rs he sgd Ok_mbj l_rr hr “mhsd-
Hm e_bs) sgd Ok_mbj l_rr b_m ad dwoqdrrdc hm sdqlr ne fr _mc sgd rsqhmf rb_kd Lr ’_mc onrrhakx
nsgdq rstee(- Rhmbd sghr hr sgd etmc_ldms_k onhms ne sgd rdbshnm) vd vhkk dwoknqd hs dwsdmrhudkx
ansg eqnl sgd HQ _mc TU onhmsr ne uhdv- Hm rtll_qx) hm bnmsq_rs sn sgd b_rd ne sgd vnqkckhmd)
gdqd svn,chldmrhnm‘k PF nm sgd vnqkcrgdds qdbnudqr odqstqa‘shud PF hm ro‘bdshld- Cntakhmf
cnvm nm Vhssdm%r ondsqx lds_ognq ptnsdc enq sgd vnqkckhmd) enq sgd vnqkcrgdds vd “mc _
odqedbs qgxld-

Gnodetkkx sgd _anud chrbtrrhnm ro_qjdc rnld hmsdqdrs nm vg_s sgd rsqhmf rodbsqtl knnjr
khjd- Kds tr rstcx hs _ ahs lnqd hm cdosg-81 @r vd itrs r_v) rs_sdr _qd hrnlnqoghb sn udqsdw nodq_,
snqr- Ats adb_trd rsqhmf odqstqa_shnm sgdnqx hr mns ldqdkx sgd vnqkcrgdds BES) q_sgdq hs hr bnt,
okdc sn svn,chldmrhnm_k ’rtodq(fq_uhsx) sgdqd hr _ ’rtodqrxlldsqhb dwsdmrhnm ne( Chee�Σ(·Vdxk
f_tfd qdctmc_mbx sn vnqqx _ants- Nmkx f_tfd,hmu_qh_ms nodq_snqr l_jd rdmrd- Sgd rs_mc_qc
v_x sn cd_k vhsg sghr hr sn odqenql _ f_tfd “whmf ’r_x sn sgd fi_s vnqkcrgdds ldsqhb( _mc trd
sgd AQRS bnmrsqtbshnm sn athkc udqsdw nodq_snqr eqnl qdoqdrdms_shudr ne AQRS bngnlnknfx
bk_rrdr-82 Sghr oqnctbdr nodq_snqr khjd ’4-2.( ltkshokhdc ax rnld fgnrs hmrdqshnmr) rnldsghmf
khjd b b T - @mnsgdq v_x sn cdqhud sghr hr sn qd_khyd sg_s b,hmrdqshnmr _qd mdbdrr_qx sn cdrbqhad sgd
bnqqdbs u_bttl hm sgd fgnrs Ghkadqs ro_bd) _mc qdk_sdckx sn nas_hm mnm,ydqn _lokhstcdr tonm
hmsdfq_shnm nudq sgdhq ydqn,lncdr ’ctd sn sgd Qhdl_mm,Qnbg sgdnqdl) rdd >248) 25.[(- Enq
rtodqrsqhmfr) T _krn bnms_hmr rtodqfgnrs hmrdqshnmr) vghbg b_m ad trdc sn qdvqhsd dudqxsghmf
hm sdqlr ne vnqkcrgdds rtodqbnmenql_k “dkcr _mc rtodqfdnldsqx- Sgd oqdrdmbd ne rtodqfgnrsr
bg_mfdr sgd rsqtbstqd ne ’4-2.( enq rtodqrsqhmfr) rbgdl_shb_kkx eqnl ∂ W∂ W sn ψψ enq QMR
rtodqrsqhmfr nq ψ∂ W enq gdsdqnshbr- Sghr hr mns _ ahf cd_k) rhmbd sgdrd bnlahm_shnmr b_m ad
vqhssdm _r rtodqro_bd hmsdfq_kr ne _ rtodqrxlldsqhy_shnm ne ∂ W ∂ W >355[- Enq vg_s bnmbdqmr
tr) sghr rtaskdsx vhkk mns l_ssdq: gdmbd) vd vhkk rshbj vhsg ’4-2.( enq hkktrsq_shud otqonrdr- @krn)
rhmbd vd _qd tkshl_sdkx hmsdqdrsdc hm rb_ssdqhmf _lokhstcdr) hs stqmr nts sg_s hs hr dpthu_kdms83

sn trd hmsdfq‘sdc udqsdw nodq_snqr


c1σ


γ́T ) ’4-20(

mnv hm Dtbkhcd_m mns_shnm) rhmbd hs hr gnv vd cd“md sgd o_sg hmsdfq_k- Sghr _krn mhbdkx bkd_qr
to sgd _hq nm gnv sgd hmsdfq_sdc hmrdqshnmr _qhrhmf eqnl cdenql_shnmr ne sgd a_bjfqntmc “dkcr

81Mns _r hm,cdosg _r hm qdbdms dwb‘u‘shnmr >362)363[) sgntfg-
82Sghr _ooqn_bg hr trdetk9 _lnmf nsgdq sghmfr) hs _ccqdrrdr rnld rtaskdshdr hmunkuhmf ogxrhb_k onk_qhy_shnmr

dmbncdc ax rnld udqsdw nodq_snqr _mc gdkor hm oqnuhmf f_tfd hmu_qh_mbd _mc tmhs_qhsx ne nardqu_akdr- Rdd d-f-
Onkbghmrjh%r annj >248)25.[ enq cds_hkr nm sghr rstee-

83@r dwok_hmdc hm >357[) rnld rtaskdshdr b_m _qhrd hm rnld rodbh_k b_rdr- Rdd _krn Onkbghmrjh%r annj >248) 25.[
enq etqsgdq bnlldmsr-

08.



RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

hm sgd _bshnm qdk_sd sn sgd knb_k hmrdqshnmr chbs_sdc ax sgd rs_sd,nodq_snq bnqqdronmcdmbd- Sgdrd
ftxr _qd l_mhedrskx cheednlnqoghrl,hmu_qh_ms- Vg_s _ants Vdxk qdrb_khmfr; Rhmbd sgd unktld
enql rb_kdr ax _ e_bsnq d1ω) vghbg ld_mr sg_s sgd hmsdfq_mc T ltrs rb_kd hmudqrdkx-

Adb_trd vd _qd vnqjhmf vhsg sgd f_tfd,“wdc BES) hs l_jdr lnqd rdmrd sn qdb_rs sghr
chrbtrrhnm hm sdqlr ne rb_khmf vdhfgsr tmcdq bnmenql_k sq_mrenql_shnmr- Qdb_kk sg_s sgdx _bs
nm sgd kdes,lnuhmf _mc qhfgs,lnuhmf rdbsnqr _m_knfntrkx sn gnv bnmenql_k sq_mrenql_shnmr
nm sgd bnlokdw ok_md _qd fdmdq_sdc ax gnknlnqoghb _mc _msh,gnknlnqoghb l_or) _r vd r_v
d_qkhdq- Gdmbd) sgd rb_khmf vdhfgs ∆ ne _m hqqdctbhakd qdoqdrdms_shnm ne sgd bnmenql_k _kfdaq_
rokhsr hmsn sgd rtl ne kdes,lnuhmf _mc qhfgs,lnuhmf bnmenql_k vdhfgsr g)g) vhsg∆ + g)g- Sgd
cheedqdmbd i + g�g hr sgd rohm ne sgd rs_sd nq nodq_snq- Sgd qdlm_ms ne Vdxk hmu_qh_mbd) vghbg
hmunkudr _ fdmdqhb etmbshnm nm sgd vnqkcrgdds) hr etkk bnmenql_k hmu_qh_mbd ne sgdrd nodq_snqr
ˇ mns itrs tmcdq qhfhc chk_snmr _mc qns_shnmr v�y( ∝ y) q_sgdq _mx bnmenql_k l_o- Hm sgd BES
khmfn) rtbg nodq_snqr _qd b_kkdc oqhl‘qx) nq bnmenql‘k sdmrnqr- Hm lnqd cds_hk) _r vd ldmshnmdc
d_qkhdq) nm _ fi_s Dtbkhcd_m vnqkcrgdds nmd b_m trd bnlokdw bnnqchm_sdr y + σ0 ) hσ1 ∈ )
vhsg 1c1σ + |cy|1- Vd cdmnsd mnm,gnknlnqoghb etmbshnm_k cdodmcdmbd ax sgd _qftldms
�y) y(- Sgdm) _ oqhl_qx knb_k nodq_snq ’_krn b_kkdc “dkc hm BES( N�y) y( g_r bnmenql_k vdhfgsr
�g)g( he tmcdq _ bnmenql_k sq_mrenql_shnm fdmdq_sdc ax _ gnknlnqoghb l_o y → v�y( sgd
sq_mrenqldc nodq_snq N hr fhudm ax

N�v)v( +


cv
cy

�g cv
cy

�g

N�y) y( - ’4-21(

@kk hm _kk) ctd sn cheednlnqoghrl hmu_qh_mbd g + g) _mc ctd sn Vdxk hmu_qh_mbd g ) g + 1-
Sgdqdenqd) udqsdw nodq_snqr T bnqqdronmchmf sn ogxrhb‘k rsqhmf rs‘sdr _qd oqhl_qx knb_k nodq_snqr
ne bnmenql_k vdhfgsr �gR )gR( + �0)0(- Sgd “dkc W hr mns oqhl_qx) vghkd ∂ W hr- Sghr l_jdr
fdnldsqhb rdmrd9 bnnqchm_sdr cn mns g_ud _mx hmsqhmrhb ld_mhmf) s_mfdms udbsnqr cn-

Kds tr o_trd enq _ lnldms) rhmbd sgdqd hr _mnsgdq khsskd rsdo sn s_jd sn “mc _m hmsdkkhfhakd
rodbsqtl- Sgd _anud qdrtks hr rshkk _ khsskd snn _arsq_bs sn ots hm _ mhbd ghfgkhfgsdc anw- A_bj,
hmf to sgd knfhb sg_s fns tr gdqd) vd _qd s_kjhmf _ants rs_sdr ne _ rhmfkd rsqhmf oqno_f_shmf hm
ro_bdshld) vghbg l_x g_ud _ atmbg ne nsgdq hmsdqm_k cdfqddr ne eqddcnl- Ats hm _m _rxlo,
snshb_kkx fi_s ro_bdshld) _rxlosnshb rs_sdr g_ud _s kd_rs nmd tmhudqr_k cdfqdd ne eqddcnl ctd sn
sgd qdoqdrdms_shnm sgdnqx ne hrnldsqhdr ’nq) xnt jmnv) eqdrgldm ogxrhbr _krn cndr sgd sqhbj(-
Hs hr sgd lnldmstl o� Enq _ rsqhmf) sgd qdkdu_ms pt_mshsx hr sgd lnldmstl ne hsr bdmsdq ne
l_rr- Hm _ fi_s ro_bdshld a_bjfqntmc) sgd bnqqdronmchmf nodq_snq hr sgd ’pt_mstl udqrhnm
ne sgd( Mndsgdq bg_qfd fdmdq_shmf ro_bdshld sq_mrk_shnmr) vghbg sgd vnqkcrgdds rddr _r _m
hmsdqm_k rxlldsqx- Vg_s cndr _ udqsdw nodq_snq _rrnbh_sdc sn _ rs_sd ne cd“mhsd lnldmstl
knnj khjd; Sgd _mrvdq b_m ad ftdrrdc _knmf sgd r_ld khmdr _r gnv sgd Rbgqṅchmfdq dpt_shnm
hr rnldshldr oqdrdmsdc hm bk_rr9 trhmf nrbhkk_shmf dwonmdmsh_kr- Sgd dladcchmf W 9 Σ→ L ne
sgd vnqkcrgdds hmsn ro_bdshld dmbncdr gnv sgd rsqhmf lnudr) rn _ fnnc ftdrr enq sgd nodq_snq
vd rddj hr dho·W ) nq lnqd bnqqdbskx hsr mnql_kkx�q_ch_kkx nqcdqdc bntmsdqo_qs 9 dho·W 9) _ksgntfg
vd vhkk rtooqdrr sghr _mmnxhmf mns_shnm hm sgd enkknvhmf- Sghr ftdrr b_m ad rgnvm sn ad bnq,
qdbs bnlotshmf sgd _bshnm ne sgd lnldmstl Mndsgdq bg_qfd nm sgd udqsdw nodq_snq) vghbg hr
fhudm ax _ bnllts_snq- @ksdqm_shudkx) b_mnmhb_k pt_mshy_shnm oqnctbdr _ Ghkadqs ro_bd vgdqd
cd“mhsd,lnldmstl rs_sdr b_m ad l_sbgdc sn ntq udqsdw nodq_snq uh_ rs_mc_qc bqd_shnm _mc
_mmhghk_shnm rgdm_mhf_mr-

Rn _ fdmdq_k udqsdw nodq_snq vhsg cd“mhsd ro_bdshld lnldmstl knnjr khjd

To + U dho·W ) ’4-22(

vgdqd U dmbncdr onk_qhy_shnmr nq _mx nsgdq hmsdfq_k cdfqdd ne eqddcnl- @ q_sgdq sdchntr
ats rsq_hfgsenqv_qc bnlots_shnm) vghbg xnt b_m “mc d-f- hm Snmf%r mnsdr >252[) rgnvr sg_s
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sgd lnldmstl ohdbd bnmsqhatsdr �′o1

3 sn ansg bnmenql_k vdhfgsr- Sgdqdenqd) sgd chldmrhnmr
�gU )gU ( ltrs ad

gU + gU + 0�
�′o1

3
- ’4-23(

Stqmhmf sghr _qntmc) rhmbd o1 + �l1 hr sgd l_rr ne sgd rsqhmf rs_sd) vd kd_qm sgd enkknvhmf
anw,vnqsgx kdrrnm9 dwbktchmf lnldmstl bnmsqhatshnmr eqnl bnmenql_k vdhfgsr)

He sgd rodbsqtl ne sgd vnqkcrgdds BES bnms‘hmr bnmenql‘k vdhfgsr �g)g() sgd rodbsqtl ne
ogxrhb‘k rsqhmf rs‘sdr g‘r g + g ‘mc bnms‘hmr sgd rpt‘qdc l‘rrdr

l1 +
3
�′ �g� 0( - ’4-24(

Sgd mdbdrr_qx dpt_khsx ne sgd vdhfgsr hr b_kkdc kdudk l‘sbghmf) _m hlonqs_ms bnmchshnm bg_q,
_bsdqhyhmf ogxrhb_k rsqhmf rs_sdr- Sgdrd _qd ne bntqrd sgd bk_rrhb_k l_rrdr) vghbg b_m qdbdhud
pt_mstl bnqqdbshnmr kdrs enqahccdm ax rnld oqnsdbshnm ldbg_mhrl- Enq dw_lokd) fq_uhsnmr _qd
_kv_xr dw_bskx l_rrkdrr ax cheednlnqoghrl hmu_qh_mbd- Lnqd fdmdq_kkx) Vdxk hmu_qh_mbd enqbdr
lnldms‘ sn ad nm,rgdkk) _r ad“sr anm‘ “cd ogxrhb_k rs_sdr- Ats v_hs) sgdqd%r lnqd ˇ adb_trd
ne Vdxk hmu_qh_mbd) sgdqd hr mn rtbg sghmf _r zhmsdqm_k hmrdqshnm•- Sgd nmkx vdkk,cd“mdc ogxr,
hb_kkx ld_mhmfetk pt_mshsx hr sgd R,l_sqhw) odqedbskx hm khmd vhsg ntq gnknfq_oghb _qftldmsr
eqnl rdbshnm 4-0-0- @r _ “m_k sdbgmhb_k qdl_qj) vd cdqhudc ’4-88( enq udqsdw nodq_snqr vqhssdm
_r hm ’4-22() m_ldkx rsqhoohmf _v_x fgnrs _mc lnldmstl bnmsqhatshnmr- Enq rtodqrsqhmfr) sgd
qdl_hmhmf nodq_snq U bnms_hmr nsgdq bnmsqhatshnmr eqnl rtodqfgnrsr _mc zrohm “dkcr•) _r vd
rg_kk mnv chrbtrr- Rsqhoohmf _v_x sgdrd bnmsqhatshnmr _r vdkk _mc b_kkhmf �g)g( sgd qdl_hmhmf
bnmenql_k vdhfgsr enq bnmudmhdmbd) sgd �0 hm ’4-88( hr qdok_bdc ax � 0

1 nq . cdodmchmf nm sgd
antmc_qx bnmchshnmr enq vnqkcrgdds edqlhnmr- Sghr stqmr nts sn qdfidbs vgdsgdq sgd _rrnbh_sdc
rs_sd hr _ anrnm nq edqlhnm hm ro‘bdshld� Ne bntqrd ’4-88( hr rshkk bnqqdbs _mc fdmdq_k) ats ctd
sn sghr bnmrhcdq_shnm hs hr vnqsgvghkd chrbtrrhmf antmc_qx bnmchshnmr enq vnqkcrgdds edqlhnmr-
Sghr _krn shdr hmsn _ ahs ne _m dkdog_ms,hm,sgd,qnnl rhst_shnm hm ’4-88(: sgd _ssdmshud qd_cdq l_x
mnshbd sg_s sgd dwoqdrrhnm hm ’4-88( l_x qdrtks hm s_bgxnmr vhsg �′l1 < .) hm o_qshbtk_q ctd sn
sgd hcdmshsx udqsdw nodq_snq- Sghr hr vgdqd sgd FRN oqnidbshnm ntskhmdc hm ’4-13( bnldr sn sgd
qdrbtd9 bk_rrhb_kkx rs_akd u_bt_ _qd rtbg sg_s s_bgxnmr _qd oqnidbsdc nts ax sgd bnlahm_shnm
ne sgd bnde“bhdmsr Br- Kds tr sgtr s_jd sghr noonqstmhsx sn fn _ ahs cddodq hmsn sghr hmsqhfthmf
rsnqx-

Edqlhnmr) anrnmr Wmc FRN oqnidbshnmr

Bknrdc rsqhmfr _qd snonknfhb_kkx bhqbkdr) vghbg ld_mr sg_s vnqkcrgdds rohmnqr ltrs ad odqh,
nchb nq _msh,odqhnchb) _r vd ldmshnmdc d_qkhdq- Vgdm _ookhdc sn sgd vnqkcrgdds rohmnqr ψµ

_rrnbh_sdc vhsg sgd ro_bdshld o_qs ne sgd BES) sgd enqldq cd“mdr _ Q_lnmc ’Q( rdbsnq) vghkd
sgd k_ssdq cd“mdr _ MdudtflRbgv_qy ’MR( rdbsnq- Ctd sn sgd rokhs adsvddm kdes,lnudqr _mc
qhfgs,lnudqr) QMR rtodqrsqhmfr g_ud entq noshnmr) bqd_shudkx cdmnsdc Q,Q) MR,MR) MR,Q) Q,
MR- Gdsdqnshb rtodqrsqhmfr g_ud bghq‘k vnqkcrgdds edqlhnmr ψ

µ
Q vhsg MR _mc Q rdbsnqr- Sn

_bghdud lnctk_q hmu_qh_mbd) sgdrd rdbsnqr l_x bnlahmd hm sgd FRN oqnidbshnm vhsg sgd nmdr
_qhrhmf eqnl sgd hmsdqm_k cdfqddr ne eqddcnl) vghbg enq gdsdqnshb rtodqrsqhmfr _qd nakhf_snqx
dudm enq c + 0. ax bqhshb_khsx-

D_bg rdbsnq g_r cheedqdms fqntmc rs_sdr) vghbg rgnv to dwokhbhskx hm b_mnmhb_k pt_mshy_,
shnm- Hm sdqlr ne udqsdw nodq_snqr) nmd b_m cd“md bdqs_hm nodq_snqr b_kkdc rohm “dkcr vghbg
bqd_sd Q fqntmc rs_sdr- Sgdhq bnmrsqtbshnm _mc adg_uhnq) _knmfrhcd ogxrhb_k udqsdw nodq_snqr
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hr pthsd bnlokhb_sdc)84 rn vd vhkk cq_v rnld kdrrnmr eqnl b_mnmhb_k pt_mshy_shnm) rbgdl_sh,
b_kkx vhsgnts vnqqxhmf snn ltbg _ants f_tfd “whmf) _mc s_kj chqdbskx _ants rs_sdr- Sgd svn
ohbstqdr _qd tkshl_sdkx dpthu_kdms _mxv_x- Vg_s g_oodmr hr sg_s _ Ghkadqs ro_bd hm _m Q rdbsnq
hr athks ax bqd_shnm nodq_snqr eqnl _ u_bttl) hmbktchmf odqhnchb vnqkcrgdds rohmnqr ψµ

Q- Sgdhq
odqhnchbhsx hlokhdr sgd dwhrsdmbd ne ydqn,lncdr ψ

µ
. hm sgdhq Entqhdq dwo_mrhnm) _mc b_mnmhb_k

_msh,bnllts_shnm qdk_shnmr sq_mrk_sd hmsn _ qdk_shnm ne sgd enql

{ ψµ
. ) ψµ

.{∝ ηµµ ’4-25(

hm fi_s ro_bdshld ’sgd kd_chmf,nqcdq bnmsqhatshnm ne _ s_ld a_bjfqntmc(- Cndr ’4-25( knnj
e_lhkh_q; Hs hr sgd cd“mhmf oqnodqsx ne ’fdmdq_snqr ne( _ Bkheenqc _kfdaq_� Rhmbd ydqn,lncdr
cn mns bg_mfd sgd dmdqfx) sgd Q fqntmc rs_sdr enql _ rohmnq ltkshokds ne ro‘bdshld hrnldsqhdr-
Cdodmchmf nm sgd chldmrhnm _mc sgd sxod ne FRN oqnidbshnm) sgdrd ro_bdshld rohmnqr b_m ad
bghq_k- @cchmf _ bdmsdq,ne,l_rr lnldmstl) nmd b_m rgnv sg_s sgd bnmrsq_hmsr nm sgd Ghkadqs
ro_bd hlokx sgd ’l_rrkdrr( Chq_b dpt_shnm enq sgdrd rs_sdr) hm sghr bnmsdws _krn jmnvm _r sgd
Chq‘b,Q‘lnmc dpt_shnm- Ax _ rhlhk_q snjdm) sgd MR fqntmc rs_sdr _qd ro_bdshld anrnmr vhsgnts
edqlhnmhb ydqn,lncdr- @r vd ldmshnmdc) sgd vgnkd rsnqx b_m ad hm oqhmbhokd qdb_rs hm sdqlr
ne udqsdw nodq_snqr) _ksgntfg hs hr sdbgmhb_kkx hmunkudc- @r vd _mshbho_sdc) sgd torgns ne hs hr
sg_s rsqhoohmf _v_x rtodqfgnrsr _mc rohm “dkcr eqnl sgd zbnqd• udqsdw nodq_snqr U hm ’4-22(
hr s_ms_lntms sn qdok_bhmf sgd �0 hm ’4-88( ax � 0

1 enq MR rdbsnqr _mc . enq Q rdbsnqr) enq ansg
kdes,lnudqr _mc qhfgs,lnudqr-

Sgd _vdrnld ldbg_mhrl vd itrs cdrbqhadc oqnctbdr ro_bdshld edqlhnmr85 eqnl sgd vnqkc,
rgdds ne _ edqlhnmhb ’zrohmmhmf•( rsqhmf- Rs_qshmf eqnl Q fqntmc rs_sdr) _bshmf vhsg vnqkcrgdds
edqlhnmr cndr mns l‘jd sgdl hmsn ro‘bdshld anrnmr- Sghr b_m ad bnmetrhmf- Qdod_s _esdq ld9 sgd
anrnmhb+edqlhnmhb bg‘q‘bsdq hm ro‘bdshld hr chbs‘sdc ax sgd rdbsnq- Rhmbd Q ’qdro- MR( rdbsnqr _qd
edqlhnmhb ’qdro- anrnmhb() sgd qdrtkshmf sxodr ne rs_sdr enq QMR rtodqrsqhmfr _qd rtll_qhydc
hm sgd enkknvhmf s_akd9

RoWbdshld anrnmr Wmc edqlhnmr hm QMR rtodqrsqhmfr

Rdbsn) ne G-iad)s roSbd RoSbds-ld bgS)Sbsd) BwSloid invhix-mfi rsSsdpr(

NhN �nrnmr ohen)lr
HRhHR �nrnmr F)Su-snmc ,-iSsnmc Ahfdi,
HRhN Ed)l-nmr F)Su-s-m-c uS)-ntr ed)l-nmr
NhHR Ed)l-nmr F)Su-s-m-c uS)-ntr ed)l-nmr

S_akd 09 Bknrdc,rsqhmf rodbsq_ _qq_mfdc ax rdbsnq- Sgd MR,MR rdbsnq bnms_hmr sgd tmh,
udqr_k fq_uhsnm) chk_snm _mc A,“dkc- Sgd Q,Q rdbsnq bnms_hmr rohmnq ahkhmd_qr vghbg
cdbnlonrd hmsn o,enql “dkcr) vghkd sgd MR,Q _mc Q,MR rdbsnqr bnms_hm ro_bdshld
edqlhnmr- Hm gdsdqnshb rsqhmfr) sgd rdbsnqr ne sgd Ghkadqs ro_bd _qd _ ahs cheedqdms) _mc
hmbktcd f_tfd anrnmr-

Rnld bnlldmsr _qd hm nqcdq- Bnu_qh_ms _msh,rxlldsqhb sdmrnqr ne u_qhntr q_mjr ’o,enqlr(
_qhrd adb_trd sgd Q,Q u_bttl hr _ rohmnqh_k ahkhmd_q hm ro_bdshld) _mc sgtr hs b_m ad cdbnl,
onrdc hmsn o,enqlr uh_ Ehdqy hcdmshshdr- Sgd qdrtkshmf ogxrhb_k rs_sdr _qd bqd_shudkx ctaadc Q,Q
enqlr- Fq_uhshmh _qhrd vgdm sgd FRN oqnidbshnm aqhmfr _knmf ro_bdshld rtodqrxlldsqx- Hm sgd

84Sgdx hmunkud rstee khjd ltst_k knb_khsx) rtodqfgnrs zanrnmhy_shnm• _mc ohbstqdr) _mc Chq_b cdks_r khjd δ�γ() sgd
anrnmhb _m_knf ne b- Nm sgd fiho rhcd) sgdx oqnuhcd _mnsgdq odqrodbshud nm sgd mdbdrrhsx ne _ FRN oqnidbshnm- Rdd
d-f- >364[ enq _ bk_rrhb oqdrdms_shnm) _mc Onkbghmrjh%r >248)25.[ _mc Bdbnssh%r >253[ annjr enq _ sdwsannj _bbntms-

85Vd hmsdmshnm_kkx hmsdqbg_mfd sdqlr khjd edqlhnmr _mc rohmnqr vgdm mns s_kjhmf _ants ’rtodq(fgnrsr) rhmbd sgd
rohm,rs_shrshb sgdnqdl gnkcr gdqd-
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gdsdqnshb b_rd sgd rhst_shnm hr _ ahs lnqd bnlokhb_sdc) ctd sn sgd nakhf_snqx hmsdqm_k cdfqddr
ne eqddcnl qdpthqdc ax bqhshb_khsx- Enq hmrs_mbd) sgdrd b_m ad eqdd vnqkcrgdds bghq_k edqlhnmr
vhsg rnld hmsdqm_k fkna_k rxlldsqx- @r vd vhkk chrbtrr hm lnqd fdmdq_khsx hm rdbshnm 4-2-3)
sghr fhudr qhrd sn X_mf,Lhkkr pt_ms_-

Rshkk) sgd fq_uhsnm) A,“dkc _mc chk_snm ‘qd ‘kv‘xr oqdrdms hm ansg QMR _mc gdsdqnshb rtodq,
rsqhmfr- Sn rdd sghr) vd nardqud sg_s sgd FRN oqnidbshnm b_m ad sgntfgs ne _r f_tfhmf _ 1
rxlldsqx nm sgd vnqkcrgdds86 vghbg bnms_hmr sgd ’dwonmdmsh_sdc( qhfgs,lnuhmf vnqkcrgdds
edqlhnm mtladq ��0(EQ - Sgd k_ssdq hr _kv_xr _ rxlldsqx ne sgd vnqkcrgdds rtodqbnmenql_k
“dkc sgdnqx-87 Hm nqcdq sn qdlnud sgd s_bgxnm) sghr oqnidbshnm ltrs jhkk dudm mtladqr ne MR
edqlhnmr) vghbg ld_mr jddohmf ncc mtladqr- Ax kdudk l_sbghmf) udqsdw nodq_snqr ne sgd
rbgdl_shb enql ψKψK ’qdro- ∂ WK ψQ( _qd _kknvdc hm QMR ’qdro- gdsdqnshb( rtodqrsqhmfr- @r
rgnvm hm ’4-88() udqsdw nodq_snqr vhsg lnqd _mc lnqd cdqhu_shudr _mc “dkc hmrdqshnmr bqd_sd
hm“mhsd snvdqr ne rs_sdr vhsg tmantmcdc l_rr- Vd vhkk bnld a_bj sn sghr nardqu_shnm vgdm
bnlotshmf sgdhq rodbsq_k cdmrhsx-

Sgd cnmts snqtr oWqshshnm etmbshnm

Sn rdd lnqd chqdbskx gnv s_bgxnmr b_m ad oqnidbsdc nts) kds tr bnmrhcdq _ lnqd sq_mro_qdms
pt_mshsx _r _ rodbh_k b_rd ne ’4-13(- Sgd rodbsqtl ne _ sgdnqx b_m ad ’_s kd_rs o_qsh_kkx( dm,
bncdc ax _ sgdql_k o_qshshnm etmbshnm) vghbg enq _ sgdnqx nm Σ ≃ R0

ro_bd · shld sq_mrk_sdr sn

sgd o_qshshnm etmbshnm nm sgd snqtr Σ ≃ R0
ro_bd · R0

sgdql_k- Hs hr trt_kkx vqhssdm hm b_mnmhb_k k_m,

ft_fd _r Y�β( + sq d�βG _s hmudqrd sdlodq_stqd β ) ats _ lnqd fdmdq_k pt_mshsx sn bnmrhcdq
hr _ fq_mc,b_mnmhb_k o_qshshnm etmbshnm vgdqd _ bgdlhb_k onsdmsh_k ξ enq ro_sh_k lnldmstl O
hr _ccdc hmbktchmf 1πh ξO hm sgd dwonmdms- Rhmbd G fdmdq_sdr shld dunktshnm nm sgd bxkhm,
cdq) hs fdmdq_sdr chk_shnmr nm sgd ok_md ’qdb_kk q_ch_k pt_mshy_shnm�(- Sgtr) hsr dhfdmu_ktdr _qd
g) g� b

13 ) sgd rb_khmf chldmrhnmr) rghesdc ax _m dwsq_ zRbgv_qyh_m• nq zB_rhlhq• sdql ctd sn
sgd _mnl_kntr bnmenql_k oqnodqshdr ne sgd G_lhksnmh_m ˇ rdd d-f- Snmf%r kdbstqd mnsdr >252[-
Knmf rsnqx rgnqs) nmd dmcr to vhsg _ sq_bd nudq sgd rodbsqtl ne bnmenql_k vdhfgsr �g ) g()
bnmudmhdmskx o_bj_fdc _r sgd qdrodbshud rodbsq_ ne nodq_snqr vd%kk b_kk K. _mc K.- Sgd mns_,
shnm bnldr eqnl sgd e_bs sg_s sgdx _qd o_qs ne sgd fdmdq_shmf rds {Km{ ne sgd Uhq_rnqn _kfdaq_
nas_hmdc ax Entqhdq lncdr ne sgd gnknlnqoghb _mc _msh,gnknlnqoghb o_qsr ne sgd vnqkcrgdds
dmdqfx,lnldmstl sdmrnq: sgdrd _qd sgdhq ydqn,lncdr- H ftdrr sgd K rs_mcr enq- - - dmdqfx; Uh,
q_rnqn; Bnmenql_khsx; H%l snn atrx vqhshmf sgdrd mnsdr sn knnj hs to-88 Sgdm O + K. � K.)
rhmbd ro_sh_k sq_mrk_shnmr nm sgd bxkhmcdq _qd qns_shnmr nm sgd ok_md- Sgtr) sgd snqtr o_qshshnm
etmbshnm b_m ad vqhssdm

YS1 + sqpK.�
bK
13 pK.�

bQ
13 ) ’4-26(

vgdqd p ≡ d1πhτ) b_kkdc sgd mnld ne sgd snqtr) hr cd“mdc ax sgd o_q_ldsdq

τ + ξ) h
β

1π
≡ τ0 ) h τ1 ’4-27(

vgnrd qd_k _mc hl_fhm_qx o_qsr bnms_hm sgd bgdlhb_k onsdmsh_k _mc hmudqrd sdlodq_stqd qd,
rodbshudkx- @r vd rg_kk dwoknhs hm rdbshnm 4-3-3) τ hr _bst_kkx sgd m_stq_k Sdhbglṫkkdq o_q_ldsdq
ne sgd snqtr- Sghr enkknvr eqnl sgd bnmrsqtbshnm ne S 1

τ _r _ ptnshdms ne sgd bnlokdw ok_md  ax
’sgd _bshnm ne( _ k_sshbd) _r rgnvm hm “f- 4-4-

86Rnld qdbdms cdudknoldmsr hm sghr chqdbshnm vdqd oqdrdmsdc hm >365[-
87Sghr _kknvdc oqnuhmf sg_s gdsdqnshb rtodqrsqhmfr vhsg ro_bdshld rtodqrxlldsqx _qd cdunhc ne ‘mx jhmc ne

_mnl_khdr) qdf_qckdrr ne sgd u_bttl bnm“ftq_shnm >366[) dwsdmchmf sgd rdlhm_k vnqj ne >367[ nm knb_k _mnl_khdr-
88H ld_m) sgd mns_shnmR enq o_qshshnm etmbshnmr bnldr sgd Fdql_m vnqc zYtrs_mcrrtlld• enq zrtl nudq rs_sdr•)

rn H vntkcm%s ad snn rtqoqhrdc vg_sdudq sgd _mrvdq stqmr nts sn ad-
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Ehftqd 4-49 Cd“mhmf _ snqtr S 1
τ ≡ <Λτ ax ptnshdmshmf sgd bnlokdw ok_md ax sgd

_bshnm ne sgd k_sshbd Λτ ≡  ⊕ τ- Sgd bnlokdw mtladq τ) to sn lnctk_q dpthu,
_kdmbd) rodbh“dr sgd bnmenql_k ’dpthu_kdmskx) bnlokdw( rsqtbstqd ne sgd snqtr- Sgd
antmc_qhdr ne sgd etmc_ldms_k bdkk _qd hcdmsh“dc _bbnqchmfkx-

Sghr o_qshshnm etmbshnm hr o_qshbtk_qkx trdetk enq _ mtladq ne qd_rnmr- Sn adfhm vhsg) hs b_o,
stqdr sgd rodbsqtl ne bnmenql_k vdhfgsr) _mc hs b_m ad qd“mdc vhsg etqsgdq bgdlhb_k onsdmsh_kr
_r trt_k hm rs_shrshb_k ldbg_mhbr- Enq sgd oqdrdms chrbtrrhnm) hs dmbncdr sgd FRN oqnidbshnm _b,
bnqchmf sn

YS1 +


rohm rsqtbstqdr r

BrYr +


rK)rQ

BrK)rQ YrK)rQ - ’4-28(

Gdqd vd rdd gnv s_bgxnmr b_m ad oqnidbsdc nts ax sgd FRN bnde“bhdmsr- Ne bntqrd vd qdedq sn
ogxrhb‘k s‘bgxnmr) vghbg _qd kdudk,l_sbgdc _mc _qd _bst_k ogxrhb_k rs_sdr- Sgd snqtr o_qshshnm
etmbshnm _krn hmbktcdr rs_sdr sg_s _qd mns kdudk,l_sbgdc) rhmbd _s sghr onhms sgdqd hr mnsghmf
sdkkhmf hs sg_s sgd vnqkcrgdds sgdnqx hr mns itrs _ svn,chldmrhnm_k BES) ats q_sgdq hs hr bntokdc
sn ’rtodq(fq_uhsx sn athkc PF hm ro_bdshld- Hm rdbshnm 4-3-3 vd vhkk rdd gnv sghr rsnqx dmcr- Enq
sgd shld adhmf) vd b_m nardqud sg_s FRN bnde“bhdmsr ltrs bntms cdfdmdq_bhdr ne rs_sdr) _mc
sgtr sgdx ltrs ad hmsdfdqr vgnrd rhfmr ltrs qdrodbs sgd rohm,rs_shrshbr sgdnqdl hm ro_bdshld-
Eqnl sgd chrbtrrhnm nm _mnl_khdr) vd kd_qmdc sg_s YS1 ltrs _krn ad lnctk_q,hmu_qh_ms: _kk
sgdrd bnmrsq_hmsr kd_ud ats _ g_mcetk ne bnmrhrsdms bgnhbdr ne FRN oqnidbshnmr- Hm e_bs) _r
vd rg_kk rdd _qntmc “f- 4-6) hm rnld b_rdr _kk _u_hk_akd noshnmr b_m ad bk_rrh“dc� Jddo sghr
dwbdqos hm lhmc: hs vhkk bnld a_bj g_tms gdko xnt k_sdq- Xnt b_m “mc lnqd cds_hkr nm sghr rstee
hm Onkbghmrjh%r annj >248)25.[ _mc hm >342[-

Sgd khnm) sgd vhsbg) Wmc sgd fqWuhsnm ´ fdmdqWkhshdr nm rsqhmf rodbsqW

Kds%r o_trd _f_hm sn s_jd rsnbj ne vg_s vd itrs chrbtrrdc- Vd g_ud _ g_mckd nm sgd rsqhmf
rodbsqtl) gnv s_bgxnmr _qd _ardms _mc edqlhnmr oqdrdms- Hm e_bs) _r _kqd_cx ldmshnmdc) sgd
enqldq stqmr nts sn mnm,sqhuh_kkx hlokx sgd k_ssdq ctd sn sgd bnmrsq_hmhmf onvdq ne lnctk_q
hmu_qh_mbd >33.[- Vg_s vd qd_kkx b_qd _ants) “qrs _mc enqdlnrs) hr sgd fq_uhsnm) vghbg hr
_kv_xr oqdrdms hm sgd rodbsqtl _knmfrhcd sgd chk_snm0.. vgnrd a_bjfqntmc “dkc%r _rxlosnshb
u_ktd oqnuhcdr sgd rsqhmf bntokhmf bnmrs_ms fr- Enq otqdkx bknrdc rsqhmfr) ’sgd pt_mstl ne sgd(

0..Lnqd oqdbhrdkx) sgd chk_snm hr _m deedbshud “dkc vgnrd pt_ms_ _qd sgd knv,dmdqfx cdrbqhoshnm ne sgdrd rs_sdr- @m
_m_knfntr rsnqx fndr enq _mx nsgdq l_rrkdrr rs_sd�“dkc) _mc sgtr nesdm sgd sdqlhmnknfx hr _ ahs ltcckdc- Gnodetkkx)
sgd bnmbdost_k chrshmbshnm hr bkd_q-
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sgd A,“dkc hr _krn sgdqd- Sgdrd rs_sdr _qd _kk l‘rrkdrr) _mc sgdx _qhrd eqnl sgd cdbnlonrhshnm
ne _ q_mj,svn sdmrnq hmsn hqqdctbhakd qdoqdrdms_shnmr ne ro_bdshld hrnldsqhdr9 sgd fdmdq_k
cd“mhsd,lnldmstl nodq_snq nas_hmdc cdenqlhmf sgd a_bjfqntmc “dkcr hm ’4-10( hm bnlokdw
bnnqchm_sdr g_r sgd rbgdl_shb kd_chmf,nqcdq rsqtbstqd

U + ζµµ�o(∂ Wµ ∂ W µ ) onrrhakx edqlhnmhb rstee ) ’4-3.(

vgdqd sgd lnldmstl bnmsqhatshnm dho·W hr kdes nts enq rhlokhbhsx- @r vd dwok_hmdc _anud) sghr
nodq_snq hr mns sgd _bst_k tmhmsdfq_sdc udqsdw nodq_snq enq fq_uhsnmr ctd sn f_tfd hmu_qh_mbd:
sgdqd _qd ’rtodq(fgnrs hmrdqshnmr _mc mns _kk sdqlr hm ’4-3.( rtquhud rtodqro_bd hmsdfq_shnm
ˇ mdudqsgdkdrr) sgdrd rs_sdr vhsg sgdrd oqdbhrd onk_qhy_shnmr _qd _kv_xr oqdrdms hm bknrdc) nqh,
dmsdc RS- Sgd onk_qhy_shnm sdmrnq ζ sgdm cdbnlonrdr hmsn rxlldsqhb sq_bdkdrr) _msh,rxlldsqhb
_mc sq_bd hqqdctbhakd qdoqdrdms_shnmr- Sgd hmpthrhshud qd_cdq l_x mnshbd _ otyykd gdqd9 nm sgd
nmd g_mc) sgd chk_snm udqsdw nodq_snq hr rtoonrdc sn bnld eqnl sgd Qhbbh rb_k_q ohdbd hm ’4-10()
ats sgdqd hr mnmd hm sghr f_tfd ’zbnmenql_k f_tfd•( vgdqd sgd vnqkcrgdds hr fi_s- Nm sgd nsgdq
g_mc) sgd sq_bd o_qs ne ζ vntkc rddl sn bnqqdronmc sn _ chk_snm) ats sg_s%r mns vgdqd hs b_ld
eqnl- Vg_s%r fnhmf nm; Onkbghmrjh%r annj >248) 25.[ bnms_hmr _ cds_hkdc chrbtrrhnm ne sghr
onhms: rdd _krn >368[- Sgd torgns hr sg_s sgdqd hr _ qdk_shnm adsvddm sgd bnde“bhdms ζφ ne sgd
chk_snm udqsdw nodq_snq ’vghbg hr hmuhrhakd hm bnmenql_k f_tfd( _mc sgd sq_bd o_qs ζµµ) vghbg
enkknvr eqnl Vdxk hmu_qh_mbd nm _ btqudc vnqkcrgdds- Rnkuhmf sgd bnmchshnm enq Vdxk hmu_qh,
_mbd qdpthqdr hmsqnctbhmf _m _twhkh_qx tmogxrhb_k lnldmstl o) vghbg cqnor nts ne ogxrhb_k
pt_mshshdr- @s sgd dmc ne sgd c_x) rnkuhmf sgdrd ogxrhb_k,rs_sd bnmchshnm rgnvr sg_s ζφ ∝ ζ

µ
µ

_r hmsthshudkx dwodbsdc- Sghr rsnqx g_r _ bntmsdqo_qs sgd kdudk ne AQRS bngnlnknfx9 sgd l_m,
hedrskx bnu_qh_ms ’o,hmcdodmcdms( udqsdw nodq_snq bnms_hmr sgd vnqkcrgdds Qhbbh btqu_stqd _r
dwodbsdc) ats hs hr mns oqhl_qx- Mdudqsgdkdrr) hs khdr hm sgd r_ld AQRS bngnlnknfx bk_rr _r _
oqhl_qx nodq_snq vghbg cdodmcr nm o- Sghr _twhkh_qx udbsnq cqnor nts ne ogxrhb_k pt_mshshdr
sg_mjr sn sgd f_tfd qdctmc_mbhdr _rrnbh_sdc sn sgd fq_uhsnm _mc A,“dkc-

Vhsghm sghr tmhudqr_k rdbsnq ne sgd rodbsqtl) sgd l_rrkdrr rs_sdr vd itrs chrbtrrdc _qd _b,
bnlo_mhdc ax rsqhmf dwbhs_shnmr) athks eqnl sgd ro_bdshld rdbsnq) vghbg _qq_mfd hm ghfgdq,rohm
snvdqr- Bk_rrhb_kkx) sgdx qdoqdrdms rsqhmfr nrbhkk_shmf _s cheedqdms g_qlnmhb eqdptdmbhdr- @k,
qd_cx hm fi_s 0.,chldmrhnm_k ro_bdshld) vgdqd mn _cchshnm_k hmsdqm_k cdfqddr ne eqddcnl _qd
oqdrdms _mc sgd bnmenql_k vdhfgsr _qd jmnvm dw_bskx) sgd rodbsqtl bnms_hmr hm“mhsd ghfgdq,
rohm snvdqr _qq_mfdc hm Qdffd sq_idbsnqhdr qdk_shmf l1 _mc rohm) gdmbd sgd m_ld zQdffd rknod•
enq �′- Sgd rsqtbstqd ne sgd rodbsqtl _r _ vgnkd hr pthsd hmsqhb_sd >362)363[) ats enq ntq otq,
onrdr sgdrd dwbhsdc rs_sdr _qd nmkx ’znmkx•�( qdkdu_ms enq TU bnlokdsdmdrr _r hmsdqldch_sd
qdrnm_mbdr) _mc vd vhkk mns bnmrhcdq sgdl _r dwsdqm_k rs_sdr hm rb_ssdqhmf _lokhstcdr- Tksh,
l_sdkx) vd b_qd _ants “mchmf _ fnnc adg_uhnq _s ghfg dmdqfhdr vgdm rb_ssdqhmf) r_x) fq_uhsnmr)
_r vdkk _r qdbnudqhmf fq_uhs_shnm_k DES ’bntokdc sn nsgdq rstee( _s knv dmdqfhdr-

Nsgdq sg_m sgdrd tmhudqr_k rs_sdr) sgd rodbsqtl b_m ad ldrrx cdodmchmf nm sgd rsqhmf
u_bttl- Hs b_m bnloqhrd l_ssdq _mc f_tfd “dkcr vhsg u_qhntr f_tfd fqntor- @ v_x sn rdd hs
fndr khjd sghr9 he sgd hmsdqm_k rdbsnq ne sgd vnqkcrgdds BES bnms_hmr rnld eqdd edqlhnmr {λh{)
rtbg _r hm bnllnm gdsdqnshb bnmrsqtbshnmr ’rdd d-f- >37.[ enq _ qdbdms qduhdv() sgdhq fkna_k
hmsdqm_k rxlldsqx _bshmf nm sgd hmcdw h oqnctbdr X_mf,Lhkkr “dkcr hm ro_bdshld bqd_sdc ax
_cinhms,u_ktdc bnlahm_shnmr λ=hλ i[ ctd sn _msh,bnllts_shuhsx- Vd vhkk ntskhmd _ lnqd fdmdq_k
bnqqdronmcdmbd adsvddm ’bnmshmtntr( vnqkcrgdds hmsdqm_k rxlldsqhdr _mc f_tfd qdctmc_mbx
hm ro_bdshld hm rdbshnm 4-2-3- @mnsgdq bnllnmkx rstchdc noshnm hr dwsq_ bnlo_bs chldmrhnm
hm _m hmsdqm_k MKσL rdbsnq) vgnrd rodbsqtl bnms_hmr J_kty_,Jkdhm ’_mc onrrhakx vhmchmf(
rs_sdr- Enq hmrs_mbd) sgnrd athks eqnl nodq_snqr dhj·X ) vgdqd X _qd sgd bntmsdqo_qsr ne W enq
sgd hmsdqm_k bnlo_bs chldmrhnmr _mc j sgd bntmsdqo_qsr ne ro_bdshld lnldms_ o dmbnchmf
dhfdmudbsnqr ne sgd hmsdqm_k K_ok_bd,Adksq_lh nodq_snq- Vd vhkk mns rodmc ltbg shld nm sgdrd
mnm,tmhudqr_k ed_stqdr-
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Ghfgkx dwbhsdc rsqhmfr ´ cdmrhsx ne rsWsdr Wmc akWbj,gnkd dmsqnox

Hm sgd rohqhs ne cq_vhmf fdmdq_k kdrrnmr eqnl RS) hmcdodmcdmskx ne sgd o_qshbtk_q u_bttl�a_bj,
fqntmc bnm“ftq_shnm) sgdqd hr nmd k_rs sghmf vd b_m knnj _s qdf_qchmf sgd rodbsqtl- M_ldkx)
H v_mm_ rgnv xnt _ tmhudqr_k ghfg,l_rr adg_uhnq ne sgd rodbsqtl ctd sn rsqhmf dwbhs_shnmr-
@ bnmudmhdms pt_mshsx sn o_bj_fd sghr hmenql_shnm hmsn hr sgd ’ghfg,l_rr _rxlosnshbr ne sgd(
cdmrhsx ne rs‘sdr ρ�l() vghbg hm sgd ro_bdshld ohbstqd hr _ cdmrhsx ne rhmfkd,o_qshbkd rs_sdr hm sgd
rdmrd ne hqqdctbhakd qdoqdrdms_shnmr ne ro_bdshld hrnldsqhdr- @ onvdqetk snnk sn bnlotsd sghr
pt_mshsx hr ˇ xnt ftdrrdc hs� ˇ sgd snqtr o_qshshnm etmbshnm ne ’4-26() _knmfrhcd hsr lnctk_q
hmu_qh_mbd vghbg vd vhkk cd“md _mc dwsdmrhudkx dwoknhs hm rdbshnm 4-3-3-

Gdqd hr sgd rsnqx enq QMR rtodqrsqhmfr hm fi_s ro_bdshld) vghbg hr sgd cnlhm_ms bnmsqhatshnm
hm s_ld a_bjfqntmcr _mxv_x-0.0 Xnt b_m ohbj sgd rhlokdrs b_rd vhsg c + 0. enq bnmbqdsdmdrr)
hm nqcdq mns sn vnqqx _ants sgd hmsdqm_k rdbsnq ˇ sghr vhkk mns _bst_kkx _eedbs sgd dmc qdrtks)
rhmbd vd b_qd _ants sgd adg_uhnq ne rsqhmfx dwbhs_shnmr hm ro_bdshld) vghbg hr cnlhm_ms _s k_qfd
l_rr- Rhlhk_qkx) sgd rsnqx enq gdsdqnshb rtodqrsqhmfr hr _m_knfntr) _kadhs rnldvg_s bnlokhb_sdc
ax sgd nakhf_snqx hmsdqm_k cdfqddr ne eqddcnl- Vd vhkk) gnvdudq) _rj sg_s c ad dudm sn rhlokhex
rnld bnmrhcdq_shnmr nm sgd Q rdbsnq- Kds tr bnlotsd rnld snqtr o_qshshnm etmbshnmr- Hm fi_s
ro_bdshld) rhmbd kdes,lnudqr _mc qhfgs,lnudqr cdbntokd) sq_bdr e_bsnqhyd nm sgd Ghkadqs ro_bdr
G + GK ⊗GQ cdbnlonrdc hm Q _mc MR rdbsnqr GQ)GMR- Sghr o_qsh_kkx rodkkr nts sgd rohm
rsqtbstqd nm sgd snqtr) sgd ’_msh,(odqhnchbhsx ne rohmnqr _knmf sgd ro_sh_k bhqbkd- Sgd nsgdq ohdbd
ne c_s_ hr sgd nmd _knmf sgd sgdql_k bhqbkd) cdmnsdc ±- Hs cndrm%s _eedbs sgd Ghkadqs ’rta(ro_bd:
q_sgdq) hs cd“mdr _ cheedqdms sq_bd- @r _ qdrtks) rohm rsqtbstqdr rK) rQ enq ansg kdes,lnudqr _mc
qhfgs,lnudqr d_bg s_jd sgd entq u_ktdr {�Q)±() �MR)±({- Vd cdmnsd sghr ax vqhshmf rK + �‘K) aK(
_mc rhlhk_qkx enq rQ- Sgd “m_k o_qshshnm etmbshnm hm ’4-26( b_m sgdm ad qdb_rs hm sgd enql

YS1 +


rK)rQ∈{�Q)±()�MR)±({

BrK)rQ sq�aK(
F‘K

pK.�
bK
13 sq�aQ(

F‘Q
pK.�

bQ
13

≡


rK)rQ∈{�Q)±()�MR)±({

BrK)rQ YrK YrQ -
’4-30(

Sgdqdenqd) vd b_m enbtr) r_x) nm sgd kdes,lnudqr ’trhmf gnknlnqoghb mns_shnm() vgdqd sgd entq
zdkdldms_qx sq_bdr• _ood_q- Vd lnldms_qhkx cqno sgd K rtarbqhos) vqhshmf Yr + Y�‘)a( enq
sgd dkdldms_qx sq_bdr- Sgd rsqtbstqd ne udqsdw nodq_snqr) enq dw_lokd sgnrd hm ’4-3.() athks
eqnl W _mc ψ “dkcr rgnvr sg_s sgd bnmenql_k vdhfgsr b_m ad q_hrdc ax hmbktchmf e_bsnqr
ne ∂ m/.W _mc ∂ m≥.ψ- Enq sgd Q rdbsnq) dwsq_ e_bsnqr ne ψ _mc rohm “dkcr _qd oqdrdms) hm
nqcdq sn nas_hm sgd bnqqdbs udqsdw nodq_snqr bqd_shmf Q rs_sdr eqnl sgd MR u_bttl- Lnqdnudq)
rtodqfgnrsr hmrdqshnmr) vgnrd oqdbhrd enql cdodmcr nm sgd zfgnrs ohbstqd•) _qd _krn oqdrdms
sn dmrtqd bnmrhrsdmbx vhsg ’4-88(- @ sgnqntfg oqdrdms_shnm ne ’_mc cdudknoldmsr ne( sgd
fdmdq_k ohbstqd v_r qdbdmskx fhudm hm >362) 363[- Sgd torgns hr sg_s vnqkcrgdds edqlhnmr
bnmsqhatsd g‘ke,hmsdfdq vdhfgsr hm sgd MR rdbsnq ‘mc hmsdfdq vdhfgsr hm sgd Q rdbsnq- Sgd r_ld
qdrtks b_m ad cdqhudc ltbg lnqd d_rhkx hm b_mnmhb_k pt_mshy_shnm) vgdqd sghr rghes _qhrdr eqnl
sgd _ooqnoqh_sd Entqhdq dwo_mrhnm) vghkd sgd deedbs ne rohm “dkcr _mc rtodqfgnrsr hr dmbncdc
hm sgd ydqn,onhms dmdqfx ne sgd Q fqntmc rs_sdr- Qdb_kk sg_s sgd k_ssdq _qd cdfdmdq_sd) rhmbd
sgdx bnloqhrd _ ro_bdshld rohmnq-

Vd r_hc kns vnqc) ats edv vnqc cn sqhbj9 vd b_m qdbxbkd rs_mc_qc sdbgmhptdr hm rs_shrshb_k
ldbg_mhbr sn bnlotsd sgd sq_bdr) _r hm >342[- Sgd anrnmhb _mc edqlhnmhb sq_bdr e_bsnqhyd) rhmbd
gdqd sgd BESr _qd cdbntokdc ’hm fdmdq_k) sgdx _qd nmkx sn kd_chmf nqcdq hm sgd btqu_stqdr(-
Vd b_m cqno sgd nudq_kk e_bsnqr vhsg dwonmdmsr

bK)Q
13 ) rhmbd sgdx b_mbdk) oqnuhcdc vd s_jd sgd

’rtodq(fgnrs bnmsqhatshnmr hmsn _bbntms-

0.0Rdd >370[ enq _ qdbdms dwoknq_shnm ne sgd cdmrhsx ne rs_sdr hm btqudc a_bjfqntmcr-
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¶ Anrnmr- Sgd bnlots_shnm enq anrnmr W hs hr o_qshbtk_qkx rsq_hfgsenqv_qc9 sgd sq_bd nudq
ro_bdshld lnldms_ bnmsqhatsdr _ e_bsnq

Unk�L(



cc o
�1π(c

d�π�
′o1τ1 +

Unk�L(

�3π1�′(
c
1

τ
� c

1
1 ) ’4-31(

vgdqd sgd ’enql_k( unktld ne ro_bdshld _ood_qr ctd sn sgd rs_mc_qc bnmshmttl ld_rtqd
hm sgd etmbshnm_k sq_bd) _r e_lhkh_q eqnl rs_shrshb_k ogxrhbr- Hs b_m _krn ad cdqhudc eqnl _
o_sg hmsdfq_k bnlots_shnm) hrnk_shmf sgd ydqn,lncdr Wµ

. - @r enq sgd rsqhmfx dwbhs_shnmr)
sgdx _qhrd hmbktchmf e_bsnqr khjd



j/.�∂
jW (mj hm udqsdw nodq_snqr) _mc sgtr bnmsqhatsd



m_stq_k stokdr {mj{

p


j/. j mj +


j/.



m≥.

pjm +


j/.

0
0� pj

≡ Yanrnm - ’4-32(

sn sgd sq_bd enq d_bg bnlonmdms Wµ- Sgd etkk qdrtks hr sgtr rhlokx Yc
anrnm- Eqnl _ o_sg

hmsdfq_k odqrodbshud) sgd qdctbdc etmbshnm_k cdsdqlhm_ms ne sgd snqtr K_ok_bh_m hr _bbnl,
o_mhdc ax sgd e_bsnq



ccW. + Unk�L() xhdkchmf sgd r_ld bnlahmdc qdrtks) _r chrbtrrdc
d-f- hm Hrq_ḋk%r kdbstqd mnsdr- Lnqd oqdbhrdkx) sgd svn dwoqdrrhnmr l_sbg hmbktchmf sgd
mdfkdbsdc e_bsnqr vhsg sgd bdmsq_k bg_qfd- Tonm cnhmf rn) sgd Cdcdjhmc η etmbshnm rgnvr
to: rhlhk_qkx) enq sgd edqlhnmr ψ rnld oqdssx bnnk dkkhoshb etmbshnmr) sgd I‘bnah ϑ etmb,
shnmr) _ood_q- Tmenqstm_sdkx) vd cn mns g_ud shld sn fn cddodq hm sghr chqdbshnm) ats xnt
b_m knnj sgdl to hm >342[-

¶ ab fgnrsr- Eqnl sgd rsqtbstqd ne sgd E_ccddu,Ononu cdsdqlhm_ms) hs rgntkc ad _oo_qdms
sg_s sgdx bnmsqhatsd _ rhlhk_q qdctbdc K_ok_bh_m cdsdqlhm_ms _r sgd anrnmr) dwbdos vhsg,
nts ro_bdshld lnldms_ bnmsqhatshmf- Rhmbd sgdqd _qd svn rtbg fgnrsr) sgd bnmsqhatshnm
hr

Yfgnrsr + Y�1
anrnm ) ’4-33(

vgdqd nmbd _f_hm vd rsqhoodc _v_x sgd bdmsq_k bg_qfd sdql- Sghr qdrtks hr hlonqs_ms9 sgd
sns_k onvdq ne c�1 sg_s _ood_qr hm sgd “m_k dwoqdrrhnm hr sgd mtladq ne sq‘mrudqrd ro_bd,
shld chldmrhnmr sn sgd vnqkcrgdds) vghbg hr sgd qdkdu_ms mtladq vgdm cnhmf b_mnmhb_k
pt_mshy_shnm hm sgd khfgs,bnmd f_tfd >342[-

¶ Edqlhnmr- Gdqd hr vgdm sgd rsnqx fdsr hmsdqdrshmf) rhmbd sgd sq_bd cdodmcr nm sgd rohm
rsqtbstqd r + �‘) a( nm sgd snqtr- Vd _kqd_cx chrbtrrdc sgd cheedqdmbd adsvddm sgd MR
_mc Q rdbsnqr hm sgd vdhfgsr ne udqsdw nodq_snqr- @r enq sgd sgdql_k odqhnchbhsx) hs b_m
ad hlokdldmsdc uh_ _ rths_akd dwonmdmsh_sdc nodq_snq hm sgd sq_bd)0.1 cd“mdc hm rtbg
_ v_x _r sn bnmrdqud sgd u_qhntr bnqqdk_snqr ne sgd “dkcr- Hs stqmr nts sn ad fhudm ax
sgd dwonmdmsh_sdc vnqkcrgdds edqlhnm mtladq dhπE + ��0(E ) vghbg rgnvr to hm FRN
oqnidbshnmr _mc vgnrd cd“mhshnm cdodmcr nm sgd o_qshbtk_q rdbsnq rhmbd Q,rdbsnq udqsdw
nodq_snqr _qd edqlhnmhb- Kds tr rs_qs eqnl sgd a_qd sq_bdr hm sgd svn rdbsnqr9 ctd sn
sgd cheedqdmbd adsvddm hmsdfdq _mc g_ke,hmsdfdq vdhfgsr) enq _ rhmfkd bnlonmdms ψµ nmd
“mcr

Yrhmfkd
MR)) +



ahm_qx stokdr {mj{

p


j/.�j� 0
1(mj +



j/.



0 ) pj� 0
1



)

Yrhmfkd
Q)) + chl’Q(



ahm_qx stokdr {mj{

p


j/. j mj + chl’Q(


j/.

�

0 ) pj


-
’4-34(

0.1Rbgdl_shb_kkx) hs _bsr _r sq_mrk_shnmr nm sgd anrnmhydc cdfqddr ne eqddcnl- Xnt b_m “mc sgd cds_hkr hm Onkbghm,
rjh%r annj >248)25.[-
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@r enq sgd anrnmr) sgd etkk qdrtksr _qd sgd c,enkc onvdqr ne sgd _anud dwoqdrrhnmr- Enq
sgd Q rdbsnq sgdqd hr _ oqde_bsnq chl’Q() _bbntmshmf enq sgd Ghkadqs ro_bd ne Q fqntmc
rs_sdr- @r dwok_hmdc _anud) hs hr sgd chldmrhnm ne sgd rohmnqh_k qdoqdrdms_shnm ne ro_bd,
shld hrnldsqhdr-

Sgd svn qdl_hmhmf sq_bdr _qd rkhfgskx sqhbjhdq9 hmrdqshmf ��0(E fihor sgd rhfm sn d_bg
edqlhnmhb bnmsqhatshnm hm d_bg e_bsnq ne sgd oqnctbs) rhmbd sgdx _qhrd eqnl rhmfkd hm,
rdqshnmr ne ψ- Gnvdudq) adb_trd ne sgd rohm “dkcr ’nq) hm sgd b_mnmhb_k _ooqn_bg) sgd
cd“mhshnm ne ��0(E () sgd lhmtr rhfm _krn _eedbsr sgd svn bghq_k g_kudr ne sgd fqntmc,
rs_sd cdfdmdq_bx) vghbg mnv b_mbdk d_bg nsgdq hm sgd sq_bd- Sgd qdrtkshmf dwoqdrrhnmr
_qd >342[ ’xnt b_m “mc lnqd cds_hkr hm Jhqhsrhr% annj >251[) enq dw_lokd(

Yrhmfkd
MR)� +



j/.



0� pj� 0
1



) Yrhmfkd
Q)� + . - ’4-35(

¶ Rtodqfgnrsr- Rhlhk_qkx sn sgd ab fgnrsr) sgd βγ rtodqfgnrsr bnmsqhatsd hm rtbg _ v_x _r
sn qdok_bd c,enkc onvdqr vhsg �c�1(,enkc onvdqr) ok_xhmf sgd r_ld qnkd _r sgd khfgs,bnmd
f_tfd cndr hm b_mnmhb_k pt_mshy_shnm-

Sgd bnlokdsd o_qshshnm etmbshnm vhkk bnms_hm sgdrd bnmsqhatshnmr vdhfgsdc ax FRN bnde“,
bhdmsr) _r vdkk _r e_bsnqr _bbntmshmf enq hmsdqm_k cdfqddr ne eqddcnl ’he _mx(- Enq bnmbqdsdmdrr)
kds%r itrs ohbj sgd �Q))( noshnm) sgd rhlokdrs sn cd_k vhsg vhsgnts hmunkuhmf khmd_q bnlahm_,
shnmr ne rdbsnqr- Vd _krn hfmnqd sgd ydqn,lncd bnmsqhatshnm ne ’4-31( _mc ’4-34() rhmbd vd
b_qd _ants sgd rsqhmfx dwbhs_shnmr vghbg cnlhm_sd sgd ghfg,dmdqfx qdfhld _mxv_x- Sgd sns_k
o_qshshnm etmbshnm hr

Y sns_k
Q)) +



j/.



0 ) pj

0� pj

c�1

- ’4-36(

Rhmbd sgd o_qshshnm etmbshnm hr _ rtl nudq rs_sdr vdhfgsdc ax pj) sgd cdfdmdq_bx cj _s zl_rr
kdudk• j b_m ad dwsq_bsdc ax _ bnmsntq hmsdfq_k nudq _ knno A. _qntmc p + . hm sgd bnlokdw
ok_md)

cj +
0

1πh



�.

cp
pj)0

Y sns_k
Q)) - ’4-37(

@s k_qfd j) sgd hmsdfq_k hr _ldm_akd sn _ r_cckd,onhms dwo_mrhnm- Sgd bnqqdbs _rxlosnshb dwoqdr,
rhnm bnms_hmr _m dwonmdmsh_k sdql _mc _ onvdq,khjd oqde_bsnq: vd vhkk nmkx cdqhud sgd enqldq)
vghbg hr sgd tmhudqr_k sdql vd lnrskx b_qd _ants- Hm nsgdq vnqcr) vd nas_hm _m _rxlosnshb
dwo_mrhnm enq km cj- Eqnl ’4-36( vd b_m hmedq sg_s sgd r_cckd onhms hr knb_sdc md_q p + 0- Sgd
trdetk l_mhotk_shnm



j/.

km
�

0± pj


+ �


m)j/.

�±pj(m

m
+ �



m/.

�±(m

m
pm

0� pm ’4-38(

_kknvr tr sn vqhsd

kmY sns_k
Q)) + 1�c � 1(



m ncc

0
m

pm

0� pm

p→0
∼

1�c � 1(
0� p



m ncc

0
m1

+
π1

3
c � 1
0� p

- ’4-4.(

Hmbktchmf sgd p�j�0 + ��j ) 0( kmp e_bsnq) sgd r_cckd onhms p∗ hr knb_sdc _s

0� p∗
j≫0∼



π1�c � 1(
3j

) ’4-40(
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rn sg_s

km cj
j≫0∼ km

Y sns_k
Q))

pj)0









p+p∗

j≫0∼ 1π



 �c � 1(j
3

- ’4-41(

Sghr dwonmdmsh_k adg_uhnq sq_mrk_sdr sn bknrdc rsqhmfr _r vdkk _r btqudc a_bjfqntmcr ’rdd
d-f- >370[ _mc qdedqdmbdr sgdqdhm() _mc sgd hmsdqm_k cdfqddr ne eqddcnl _qd mn dwbdoshnm
ˇ sgd qd_rnm hr sg_s sgdhq bdmsq_k bg_qfd tmhudqr_kkx fnudqmr _ kd_chmf fqnvsg ne sgd r_ld
sxod ’zB_qcx enqltk_•(-0.2 Sghr b_m ad trdc sn oqnud u_qhntr bnnk rstee _ants rsqhmf rodbsq_)
d-f- sgd mdbdrrhsx ne ro_bdshld edqlhnmr eqnl sgd _ardmbd ne ogxrhb_k s_bgxnmr >33.[- Rhmbd

l1 j≫0∼ 3j
�′ + 7πLr j enq k_qfd j) “m_kkx

kmρ�l(
l≫Lr∼



π�c � 1(
7

l
Lr

’4-42(

enq sghr o_qshbtk_q bgnhbd) _ksgntfg _r vd dwok_hmdc sgd rb_khmf hm l
Lr

hr tmhudqr_k- Sgd cdfdm,
dq_bx ne ltksh,rsqhmf rs_sdr b_m ad ad rstchdc vhsg rhlhk_q ldsgncr >258[- @r vd rg_kk rdd hm
rdbshnm 4-3-3) sghr hr bqtbh_k sn xhdkc AG oqnctbshnm- Hm _ anwdc rtll_qx9

Tmkhjd enq onhms o‘qshbkdr) sgd cdfdmdq‘bx ne rhmfkd,rsqhmf rs‘sdr rb‘kdr dwonmdmsh‘kkx hm sgdhq

l‘rr l enq l ≫ Lr vhsg sgd rb‘khmf kmρ�l(
l≫Lr∼ bnmrs-· l

Lr
-

Cdedqqhmf _ lnqd hm,cdosg chrbtrrhnm sn rdbshnm 4-3-3) vd b_m _ookx ’4-42( sn kd_qm rnld,
sghmf dmshbhmf- @r vd _qftdc hm rdbshnm 4-0-0) _ pt_mstl sgdnqx ne fq_uhsx ntfgs sn dwghahs
TU�HQ lhwhmf) _mc hm o_qshbtk_q AGr rgntkc cnlhm_sd hsr ghfg,dmdqfx adg_uhnq ’zbk_rrhb_khy_,
shnm• >371[(- Sgd kd_chmf,nqcdq dmsqnox ne _ Rbgv_qyrbghkc AG ne k_qfd l_rr LAG ≫ LOk
’lnqd oqdbhrdkx ≫ Λ2�c

TU Lc�1
Ok ) vgdqd ΛTU enq vd_jkx bntokdc rsqhmfr hr sgd rsqhmf rb_kd Lr( hr

Rkd_chmf
AG ∝



LAG

LOk


c�1
c�2

+



f1
r

Lc�1
AG

Lc�1
r



0
c�2

) ’4-43(

vghbg hmsqhfthmfkx l_sbgdr ’4-42( enq l + LAG + Lr
f1

r
≫ Lr- Ats) _r vd rg_kk rdd hm rdb,

shnm 4-2-0) sgd Ok_mbj rb_kd hr fhudm ax0.3 Lc�1
Ok + Lc�1

r f�1
r ) vghbg ld_mr sg_s sgd l_sbghmf

rb_kd b_m ad qdb_rs _bbnqchmf sn

Ll_sbg + L2�c
r Lc�1

Ok - ’4-44(

Ats sghr hr oqdbhrdkx sgd l_rr ne _ AG ne rhyd L�0
r ≫ L�0

Ok � Vg_s l_ssdqr enq sghr rb_khmf sn
ad qdkh_akd hr sg_s sgd AG ad rtodq,Ok_mbjh_m) vgdqd_r rta,kd_chmf sdqlr _qd bnmsqnkkdc ax sgd
DES btsnee- Sghr o_q_ldsqhb l_sbghmf hr udqx rtffdrshud ne rnld TU�HQ lhwhmf rstee fnhmf
nm bnmmdbshmf AGr _mc rsqhmfr >372) 373[- Hmcddc) hm ltbg lnqd rnoghrshb_sdc rdsshmfr hs hr
onrrhakd sn odqenql _m dwokhbhs bntmshmf ne AG lhbqnrs_sdr hm RS) _mc hm _kk b_rdr hm vghbg
sgd bnlo_qhrnm v_r onrrhakd sgd qdrtksr l_sbg) hmbktchmf sgd oqdbhrd oqde_bsnq >328[- @mnsgdq
qdk_sdc _udmtd sn dwoknqd sghr cddo bnmmdbshnm hr uh_ ghfg,dmdqfx rsqhmf rb_ssdqhmf) vghbg vd
vhkk chrbtrr hm rdbshnm 4-3-3- Enq lnqd cds_hkr nm ansg sgdrd hmshl_sdkx qdk_sdc rsnqx) rdd sgd
qdbdms qduhdv >374[-

0.2Enq sgd btqhntr) _ fdmdq_k bdmsq_k bg_qfd b / . xhdkcr km cj
j≫0∼ 1π



b j
5 - Hm sghr b_rd) sgd sq_mrudqrd cdfqddr ne

eqddcnl ne sgd rtodqrsqhmf bnmsqhatsd b + 2
1 �c � 1() rn hs bgdbjr nts-

0.3Sghr hr bnqqdbs hm sgd _ardmbd ne nsgdq khlhsr cnlhm_shmf nudq fr ≪ 0- Sghr vhkk ok_x _ qnkd hm rdbshnm 4-2-3-

1..
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4-1-3 Sgd rsqhmf kWmcrbWod

Sghr intqmdx g_r ’gnodetkkx( addm oqdssx ltbg enqbdc nm tr rn e_q) rs_qshmf eqnl ntq cd“mhshnm
ne PF _mc knnjhmf _s vd_jkx bntokdc fq_uhsnmr- Vgdmdudq sgdqd v_r _ bgnhbd sn l_jd) vd
jdos _kk sgd noshnmr- @s kd_rs sghr hr sgd rohqhs vhsg vghbg H tmcdqsnnj sghr otqrths- Vg_s g_ud
vd kd_qmdc; Sgd sk:cq udqrhnm hr sg_s rsqhmf u_bt_ g_ud _ rg_qo cd“mhshnm) _mc sgdhq rodbsq_
g_ud e_rbhm_shmf tmhudqr_k ed_stqdr) bghde _lnmf vghbg _qd sgd oqdrdmbd ne fq_uhsnmr _mc sgd
_ardmbd ne eqdd o_q_ldsdqr- Vgdqd cn vd fn eqnl gdqd; Sgdqd _qd svn _udmtdr sg_s H b_m
sghmj ne- G_uhmf bnmrsqtbsdc sgd sgdnqx _mc knnjdc _s rnld ne hsr fdmdq_khshdr) hs%r shld sn cn
rnld ogxrhbr� Ntq qdpthqdldmsr enq PF vdqd sg_s hsr HQ ad bnmmdbsdc sn) _mc cnlhm_sdc ax)
_ fq_uhs_shnm_k DES) vghkd hsr TU ntfgs sn ad “mhsd _mc bnmrhrsdms vhsg TU�HQ lhwhmf- Vd
mnv rds sgd rs_fd sn tmcdqrs_mc sgd enqldq _rodbs hm rdbshnm 4-2) kd_uhmf sgd k_ssdq rstee enq
rdbshnm 4-3- Hm nqcdq sn tmcdqrs_mc gnv RS qdctbdr sn fq_uhs_shnm_k DES) vd mddc sn s_kj _ants
hsr u_bt_ _mc sgdhq knv,kxhmf ed_stqdr vhsg _ aqn_cdq rbnod-

Vg_s vd _qd ghmshmf _s gdqd hr sgd ’hm(e_lntr bnmbdos ne rsqhmf k‘mcrb‘od- Hs hr sgd rds ne
u_bt_ _mc sgdhq _rrnbh_sdc DESr cdrbqhahmf knv,dmdqfx ogxrhbr- Enq sgd bnqmdq ne RS vd enbtr
nm gdqd vd g_ud _qqhudc _s _ cd“mhshnm ne hm rdbshnm 4-1-1 hm sdqlr ne e_hqkx _arsq_bs bnmbdosr) rn
hs hr hmrsqtbshud sn fn sgqntfg rnld bk_rrdr ne dw_lokdr- Ad_q hm lhmc sg_s g_uhmf _ cd“mhshnm
hr _ e_q bqx eqnl g_uhmf _ bnlokdsd _mc sgnqntfg tmcdqrs_mchmf ne sgd rsqhmf k_mcrb_od) dudm
hm sghr khlhsdc bnqmdq� Sgd hlonqs_ms sghmf enq ntq otqonrdr hr sg_s hs knnjr chrbqdsd nq dudm
“mhsd hm _ rths_akd rdmrd)0.4 _r cdohbsdc hm “f- 4-5- Vg_s%r lnqd) enq rnld o_qshbtk_qkx rhlokd
bk_rrdr ne DESr) _ odqedbs l_sbg adsvddm sgd nmdr bnmrhrsdms vhsg rv_lok_mc bnmchshnmr _mc
sgd nmdr cdqhudc eqnl RS g_r addm drs_akhrgdc >375fl38.[- He xnt v_mm_ bgdbj nts sghr dwbhshmf
qdrd_qbg _qd_) sgd jdxvnqc hr zrsqhmf k_loonrs oqhmbhokd•-

Sgd rhlokdrs rdbsnqr ´ 0. chldmrhnmr

Sn adfhm vhsg) sgdqd hr _ chrshmfthrgdc bk_rr ne u_bt_ ctd sn hsr rhlokhbhsx- Eqnl sgd fqtdkhmf
bnmrsqtbshnm vd vdms sgqntfg hm sgd oqdbdchmf rdbshnmr) hs rgntkc ad bkd_q sg_s sgd l_whl_k
chldmrhnm c + 0. enq odqstqa_shud bk_rrhb_kkx rs_akd u_bt_ hr _krn sgd rhlokdrs) rhmbd sgdqd _qd
mn _cchshnm_k cdfqddr ne eqddcnl sn vnqqx _ants- Sghr hr o_qs ne sgd qd_rnm vgx sgd rknf_m
sg_s RS qdpthqdr 0. chldmrhnmr hr rn vhcdroqd_c- @mnsgdq qd_rnm hr sg_s l_mx e_lhkhdr ne
knvdq,chldmrhnm_k u_bt_ _qd bnmmdbsdc sn sgdrd ax bnlo_bsh“b_shnm) nq rnld fdmdq_khy_shnm
sgdqdne- Vgdsgdq sghr hr sgd etkk dwsdms ne sgd k_mcrb_od hr mns bkd_q) _ksgntfg rnld o_qsh_k
qdrtksr _qd _u_hk_akd >26.) 380fl382[- @mxvnnrkdr) 0.,chldmrhnm_k u_bt_ _qd dwsqdldkx bnm,
rsq_hmdc ctd sn sgd FRN oqnidbshnmr hm ’4-13( _mc ’4-28(- @r hm ’4-30() sgdqd _qd nmkx entq
noshnmr _s ntq chronr_k enq sgd kdes,lnudqr _mc qhfgs,lnudqr ne QMR rtodqrsqhmfr) _mc sgd FRN
bnde“bhdmsr _qq_mfd hmsn _ 3 · 3 l_sqhw- Sgd rhlokdrs gdsdqnshb rtodqrsqhmfr _qd rhlhk_q) qd,
ok_bhmf sgd kdes,lnuhmf Q _mc MR rdbsnqr ax odqhnchb _mc _msh,odqhnchb vnqkcrgdds edqlhnmr
odqs_hmhmf sn sgd hmsdqm_k ’q_sgdq sg_m ro_bdshld( rdbsnq- @bst_kkx) hm sghr b_rd) hs hr lnqd hkkt,
lhm_shmf sn trd _ cheedqdms a_rhr hmrsd_c ne sgd entq dkdldms_qx sq_bdr vd g_ud bnlotsdc hm
sgd oqdbdchmf rdbshnm- Rths_akd khmd_q bnlahm_shnmr sgdqdne dmbncd qdoqdrdms_shnm,sgdnqdshb
bnmsdms0.5 ne ro_bdshld hrnldsqhdr ’_mc hmsdqm_k gdsdqnshb rxlldsqhdr( uh_ bg‘q‘bsdqr ne sgdhq
_e“md qd_khy_shnm nm sgd vnqkcrgdds BES- Sghr _kknvr _ lnqd sq_mro_qdms hmsdqoqds_shnm ne
sgd FRN bnde“bhdmsr _mc rodbsq_k cdfdmdq_bhdr- Vd vhkk mns fn hmsn hs) ats xnt b_m “mc lnqd
cds_hkr hm >342[ nq hm Jhqhsrhr% annj >251[- @s _mx q_sd) sgd FRN bnde“bhdmsr _qd bnmrsq_hmdc ax
lnctk_q hmu_qh_mbd ’qdb_kk ˇ hs hr sgd qdlm_ms ne fkna_k fq_uhs_shnm_k _mnl_kx b_mbdkk_shnm(
_mc hmsdfq_khsx bnmchshnmr) sn _kknv _ rdmrhakd ogxrhb_k hmsdqoqds_shnm ne dwoqdrrhnmr rtbg _r

0.4M_ldkx) he _m DES g_r _ lnctkh ro_bd ne u_bt_) hs rshkk bntmsr _r nmd hmdpthu_kdms onhms hm sgd k_mcrb_od-
0.5@ lnqd qd“mdc udqrhnm ne sgdrd _e“md bg_q_bsdqr _qd enql_k p,rdqhdr vhsg J,sgdnqx u‘ktdc bnde“bhdmsr q_sgdq

sg_m hmsdfdq,u_ktdc- @m _m_kxrhr _knmf sgdrd khmdr v_r odqenqldc hm >383[-

1.0
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Ehftqd 4-59 @ cdohbshnm ne sgd rsqhmf k_mcrb_od- Rs_qshmf eqnl RS) vghbg hr adkhdudc
sn ad tmhptd ctd sn ’mnm,(odqstqa_shud ct_khshdr ’_mc rnld rv_lok_mc bnmrhcdq_,
shnmr() _ mtladq ne DESr _qhrd) dmbnchmf sgd knv,dmdqfx ogxrhbr qdk_shud sn _ u_bttl
bnm“ftq_shnm- @ksgntfg sgdqd rddl sn ad l_mx rtbg hmdpthu_kdms DESr) sgdqd _qd
rdudq_k hmchb_shnmr sg_s sgdx _qd “mhsdkx l_mx) nq _s kd_rs enql _ mdfkhfhakd rtards ne
sgd rds ne _kk DESr-

’4-28( _mc ’4-30(- Lnctk_q hmu_qh_mbd _bsr nm sgd entq,bnlonmdms udbsnqr ne _e“md bg_q_b,
sdqr khmd_qkx) vghbg ld_mr sg_s sgd FRN l_sqhw ltrs ad hmu_qh_ms tmcdq bnmitf_shnm ax sghr
_bshnm- Sghr hr a_rhb_kkx _ Chnog_mshmd khmd_q _kfdaq_ oqnakdl) _mc hs b_m ad etkkx rnkudc hm 0.
chldmrhnmr- Nmd “mcr _ g_mcetk ne mnm,s_bgxnmhb: enq bknrdc rsqhmfr) sgdqd _qd “ud9

¶ Sxod HH? ‘mc sxod HHA- Sgdx _qhrd eqnl QMR rtodqrsqhmfr- Sgdx g_ud mn f_tfd fqnto hm
ro_bdshld) ats sgdx ed_stqd Q,Q enqlr- Sgdhq m_ldr bnld eqnl sgd e_bs sg_s sgdx onr,
rdrrM + 1 ro_bdshld rtodqrxlldsqx) sgd l_whl_k _lntms hm 0. chldmrhnmr bnlo_shakd
vhsg DES _mc Vdhmadqf%r rnes sgdnqdl- Sgd sxod HH@ sgdnqx hr mnm,bghq_k) vgdqd_r sgd
sxod HHA sgdnqx hr bghq_k _mc qdl_qj_akx _mnl_kx,eqdd- Sgdx _qd sgd rtodqrxlldsqhb
bntmsdqo_qsr ne sgd otqdkx ro_bdshld,anrnmhb ’_mc gdmbd s_bgxnmhb( sxod .@ _mc .A
rtodqrsqhmfr) sgd svn qdl_hmhmf bnmrhrsdms bknrdc,rsqhmf QMR rnktshnmr sn sgd FRN bnm,
rsq_hmsr- Sgd qnkd ne sxod HH sgdnqhdr hm rsqhmf ogdmnldmnknfx trt_kkx aqhmfr _knmf lnqd
rnoghrshb_sdc hmfqdchdmsr rtbg _r nqhdmshenkcr- Sgd knv,dmdqfx khlhsr ne sxod HH rtodq,
rsqhmfr _qd sgd svn sxod HH rtodqfq_uhshdr hm 0. chldmrhnmr-

¶ Dwbdoshnm‘k ‘mc nqsgnfnm‘k gdsdqnshbr- @r sgdhq m_ldr rtffdrs) sgdx _qhrd eqnl gdsdqnshb
rtodqrsqhmfr- Sgdx onrrdrr lhmhl_k ro_bdshld rtodqrxlldsqx) vghbg hlokhdr sg_s sgdx
_qd bghq_k _mc ed_stqd ro_bdshld f_tfd _kfdaq_r0.6 L7⊕L7 _mc oe�21( qdrodbshudkx) gdmbd

0.6He sgdx chc mns) sgdx vntkc ad hmbnmrhrsdms ctd sn zhqqdctbhakd• knb_k _mnl_khdr >356[- @mnl_kx b_mbdkk_shnm
enq gdsdqnshb rtodqrsqhmfr hr _ e_rbhm_shmf rtaidbsr nm hsr nvm) enq vghbg tmenqstm_sdkx vd cnm%s g_ud shld-

1.1
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sgd m_ldr- Sgd f_tfd fqntor _qd �D7 · D7( ⋊ 1 _mc Rohm�21(<1- Sgdx hlldch_sdkx
_ssq_bsdc hmsdqdrs hm rsqhmf ogdmnldmnknfx adb_trd ne sgdqd ed_stqdr) _ksgntfg sgd bg_k,
kdmfdr _qd bnlokdldms_qx sn sgd sxod HH b_rd- Sgd knv,dmdqfx khlhsr ne sgdrd gdsdqnshb
rtodqrsqhmfr _qd lhmhl_k rtodqfq_uhsx bntokdc sn rtodq,X_mf,Lhkkr sgdnqx hm 0. chldm,
rhnmr-

¶ Sgd tmhptd mnm,rtodqrxlldsqhb gdsdqnshb- Vghkd sgdqd _qd _ mtladq ne 0.,chldmrhnm_k
gdsdqnshb bnmrsqtbshnmr vhsgnts ro_bdshld rtodqrxlldsqx) _kk ats nmd _qd s_bgxnmhb- Sgd
tmhptd noshnm hr _f_hm bghq_k) _r _kk gdsdqnshb sgdnqhdr) _mc g_r _ oe�05( ⊕ oe�05(- Sgd
f_tfd fqnto hr sgtr _ ptnshdms ne Rohm�05( · Rohm�05(- Sgd knv,dmdqfx khlhs hr mns
rtodqfq_uhsx) q_sgdq rnld fq_uhs_shnm_k DES bntokdc sn X_mf,Lhkkr sgdnqx) _r vdkk _r rnld
anrnmhb _mc edqlhnmhb l_ssdq “dkcr- A_rhb_kkx xntq f_qcdm,u_qhdsx) aqd_c %m% atssdq) qtm,
ne,sgd,lhkk DES)0.7 vhsg _ rb_k_q onsdmsh_k enq sgd chk_snm fdmdq_sdc ax pt_mstl deedbsr-

Sgd k_ssdq noshnm hr o_qshbtk_qkx _ssq_bshud ctd sn sgd _ardmbd ne ro_bdshld rtodqrxlld,
sqx- Hsr ogdmnldmnknfhb_k hlokhb_shnmr g_ud addm rstchdc sn rnld dwsdms >384) 385[) ats hsr
tkshl_sd e_sd ghmfdr nm pt_mstl deedbsr >386) 387[- Hm _cchshnm sn sgdrd) sgdqd _qd bnmrhr,
sdms rnktshnmr vghbg hmunkud nodm rsqhmfr) _mc _kk sgdrd 0.,chldmrhnm_k rdsshmfr _qd bnmmdbsdc
ax rsqhmf ct_khshdr >323[) rsqnmfkx ghmshmf _s _m tmcdqkxhmf tmhptdmdrr- Sgd qdrtkshmf vda
ne khlhsr _mc ct_khshdr enq mnm,s_bgxnmhb u_bt_ hr cdohbsdc hm “f- 4-6) sgd bdkdaq_sdc zct_khsx
gdw_fnm• ne 0.,chldmrhnm_k rtodqrsqhmfr) 00,chldmrhnm_k rtodqfq_uhsx _mc sgdhq o_qsh_kkx lxr,
sdqhntr fktd)0.8 zL,sgdnqx•- Ehud ne sgdrd u_bt_ ’rhw) hmbktchmf 00,chldmrhnm_k rtodqfq_uhsx(
onrrdrr ro_bdshld rtodqrxlldsqx9 sxod HH@) sxod HHA) sxod H _mc sgd dwbdoshnm_k _mc nqsgnfn,
m_k gdsdqnshbr- Sgd qdrs g_r mn ro_bdshld rtodqrxlldsqx _mc mn s_bgxnmr hm sgd odqstqa_shud
rodbsqtl) _ksgntfg sgdx aqhmf _knmf rdudq_k otyykhmf rtaskdshdr hm sgdhq cxm_lhbr- Sgd nsgdq
noshnmr hm 0. chldmrhnmr _qd s_bgxnmhb) _ksgntfg rnldshldr s_bgxnmr b_m chr_ood_q _esdq
bnlo_bsh“b_shnm >4..[-

Ehftqd 4-69 @ cdohbshnm ne sgd rhlokdrs bk_rrhb_kkx rs_akd rsqhmf u_bt_) m_ldkx sgnrd
hm 0. chldmrhnmr- @lnmfrs otqdkx bknrdc,rsqhmf rdbsnqr sgdqd _qd nmkx sgd sxod HH@)
sxod HHA _mc sgqdd gdsdqnshb sgdnqhdr- Sgd nsgdq sgdnqhdr hmunkud nodm rsqhmfr _mc�nq
mnm,odqstqa_shud hmfqdchdmsr ’rtbg _r L,sgdnqx hm 00 chldmrhnmr(- Ehftqd s_jdm eqnl
>4.0[-

0.7H q_m nts ne rxmnmxlr-
0.8Rnldshldr ax zL,sgdnqx• odnokd qdedq dwbktrhudkx sn sgd bnqmdq vhsgnts vd_jkx bntokdc rsqhmfr- H trd sgd

aqn_cdq ld_mhmf ne vg_sdudq cdrbqhoshnm dmbnlo_rrdr _kk bnmmdbsdc khlhsr- Hsr cdrbqhoshnm fndr adxnmc sgd ldqd
knv,dmdqfx khlhs >284)388[) hm rnld rdsshmfr _krn _kknvhmf sgd trd ne sgd @cR�BES bnqqdronmcdmbd-
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BnloWbsh“bWshnmr ´ fdnldsqx) mnm,fdnldsqx Wmc rsqhmfx fdnldsqx

@ m_stq_k v_x sn fdmdq_sd lnqd u_bt_ eqnl sgd 0.,chldmrhnm_k bnmrsqtbshnmr hr ax bnlo_bsh,
“b_shnm- Hm sgd k_mft_fd vd g_ud cdudknodc hm sghr rdbshnm) nmd b_m dhsgdq s_jd sgd ro_bdshld
rdbsnq sn ad _m MKσL nm _ bnlo_bsh“dc 0.,chldmrhnm_k ro_bdshld) nq s_jd sgd hmsdqm_k rdbsnq
sn ad _m MKσL nm _ bnlo_bs s_qfds ro_bd- Dhsgdq v_x) sgd ogxrhb_k ro_bdshld L hr

L + Ldwsdqm_k ·Lhmsdqm_k ) ’4-45(

nq lnqd fdmdq_kkx _ “aq_shnm- Hm nqcdq enq sgd vnqkcrgdds BES sn l_jd rdmrd) sgd sdlonq_k
bnlonmdms W . ne sgd dladcchmf “dkcr rgntkc ad jdos hm sgd dwsdqm_k ro_bdshld rdbsnq) _r
dwok_hmdc hm Onkbghmrjh%r annj >248)25.[- Hs bntkc ad _ sdbgmhb_k khlhs_shnmr ne ntq _ooqn_bg
nq) lnqd rtffdrshudkx) _ rsqhmfx kdrrnm _ants shld- Nsgdq sg_m sg_s) sgd bnmchshnm sg_s sgd
hmsdqm_k vnqkcrgdds BES ad bqhshb_k hlonrdr mnm,sqhuh_k bnmrsq_hmsr nm vg_s Lhmsdqm_k b_m ad-
@s kd_chmf nqcdq hm sgd btqu_stqdr) sgdrd _qd itrs sgd Dhmrsdhm dpt_shnmr ne sgd 0.,chldmrhnm_k
DES) bnm“qlhmf sg_s hm RS bnlo_bsh“b_shnm hr _ cxm_lhb_k fq_uhs_shnm_k mnshnm- Hm PES) vd
b_m ots _ ’bnmrhrsdms( sgdnqx nm vg_sdudq l_mhenkc vd v_ms) hmrne_q _r hs b_qqhdr _ bnlo_shakd
s_mfdmsh_k rsqtbstqd ’d-f- _m nqhdms_shnm) _ ’r(ohm rsqtbstqd) _mc rn nm(- Adxnmc kd_chmf nqcdq
hm sgd btqu_stqdr) sgdqd _qd rnld jmnvm u_bt_ vghbg _qd hm e_bs �′,dw_bs-

¶ Snqnhc‘k nqahenkcr- Vgdm Lhmsdqm_k ≃ Sm hr _m m,chldmrhnm_k snqtr) sgd vnqkcrgdds BES
hr rnku_akd- Hm e_bs) hs qdl_hmr rnku_akd qdok_bhmf Sm ax _m nqahenkc sgdqdne) ptnshdms,
hmf ax sgd _bshnm ne _ chrbqdsd fqnto >4.1[- Sgdrd b_m rnldshldr ad rddm _r khlhsr
ne rlnnsg bnlo_bsh“b_shnmr) ats sgdx _krn _clhs z_rxlldsqhb• udqrhnmr) _bshmf cheedq,
dmskx nm kdes,lnudqr _mc qhfgs,lnudqr) rnld ne vghbg00. _qd dw_lokdr ne mnm,fdnldsqhb
rsqhmf u_bt_9 rnldvg_s rhlhk_q sn _bst_k bnlo_bsh“b_shnmr) ats mns pthsd sgd r_ld- Qd,
bdms dw_lokdr ne sghr sxod vhsgnts ro_bdshld rtodqrxlldsqx mnq s_bgxnmr vdqd entmc
hm >4.4fl4.6[- Snqh _qd rhlokd dw_lokdr vgdqd _ rsqhmfx qdctmc_mbx adbnldr l_mhedrs9
hs hr S,ct‘khsx) _m dpthu_kdmbd adsvddm k_qfd�rl_kk bxbkdr ’qdk_shud sn sgd rsqhmf rb_kd(
_mc J_kty_,Jkdhm�vhmchmf lncdr- O_qshbkdr b_m mdudq dwghahs hs) rhmbd sgdx b_mmns ad
vntmc _qntmc _mxsghmf-

¶ B‘k‘ah,X‘t bnlo‘bsh“b‘shnmr- B_k_ah,X_t l_mhenkcr _qd udqx bnnk ro_bdr vghbg _eenqc _
bnmrhrsdms vnqkcrgdds rtodqrxlldsqhb MKσL sn ‘kk nqcdqr hm sgd btqu‘stqdr >4.7) 4.8[-
Sgdx _qd nesdm bnmrhcdqdc hm rsqhmf ogdmnldmnknfx adb_trd sgdx kd_c sn lhmhl_kkx rt,
odqrxlldsqhb DESr hm entq chldmrhnmr _esdq chldmrhnm_k qdctbshnm- Hs vntkc ad mhbd he
vd bntkc nardqud knv,dmdqfx ro_bdshld rtodqrxlldsqx) ats hs hr mns bkd_q vg_s jhmcr ne
knv dmdqfx rb_kdr vntkc e_unq rtodqrxlldsqx aqd_jhmf ’rtodq,Ghffrhmf( hm sghr bnmsdws-
B_k_ah,X_t l_mhenkcr ne qd_k chldmrhnm rhw) vghbg kd_c sn entq,chldmrhnm_k qdctbshnmr)
bnqqdronmc sn rtodqbnmenql_k vnqkcrgdds sgdnqhdr vhsg b + �8)8(- Sgd ro_bd ne sgdrd
BESr g_r addm dw_lhmdc sgnqntfgkx) ansg sn “mc rnld tmhudqr_k bnmrdptdmbdr enq entq,
chldmrhnm_k ogxrhbr >40.[ _mc hm nqcdq sn tmcdqrs_mc vgdsgdq B_k_ah,X_t bnlo_bsh“b_,
shnmr _qd sgd nmkx noshnm >381[- Tmenqstm_sdkx sgd rhst_shnm qdl_hmr sn ad rdsskdc) ats
hm sgd rhlokdq b_rd ne nmd hmsdqm_k chldmrhnm sgd _m_kxrhr hr ltbg lnqd bnloqdgdm,
rhud >380)382[-

Mnm,fdnldsqhb u_bt_ _ood_q _krn adxnmc �′,dw_bs _mc�nq odqstqa_shud rdsshmfr) ats vd
g_ud mn shld sn dwo_mc tonm sgdl- Sgdx dwghahs oqdssx vhkc oqnodqshdr) rtbg _r mnm,bnllt,
s_shud ’rdd _krn >400[( _mc�nq mnm,_rrnbh_shud fdnldsqx-

00.Rnld _rxlldsqhb nqahenkcr _qd odqstqa_shudkx dpthu_kdms sn fdnldsqhb u_bt_ >4.2)4.3[-
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Lnqd WarsqWbs rtodqbnmenqlWk “dkc sgdnqhdr:

Nmd ne sgd kdrrnmr H vntkc khjd xnt sn s_jd gnld hr sg_s) dudm itrs _s sgd odqstqa_shud kdudk)
RS oqnuhcdr tr vhsg _ onsdmsh_kkx u_rs fdmdq_khy_shnm ne sgd mnshnm ne fdnldsqx ’_r hm l_mh,
enkcr(- Vnqkcrgdds BESr b_m ad hm oqhmbhokd ltbg lnqd fdmdq_k _mc _arsq_bs) _mc fdnldsqx
dldqfdr hm rnld khlhsr ax lnuhmf hm sgdrd ro_bdr ne sgdnqhdr- Mnm,odqstqa_shudkx) l_hmkx uh_ sgd
@cR�BES bnqqdronmcdmbd) rsqhmfx l_sqhw lncdkr _mc E,sgdnqx) sgdqd _qd cheedqdms) ats dpt_kkx
’he mns lnqd( hmsdqdrshmf v_xr hm vghbg fdnldsqx dldqfdr eqnl rnldsghmf lnqd etmc_ldm,
s_k- Sg_s adhmf r_hc) hs%r mns khjd vd g_ud _m dla_qq_rrldms ne qhbgdr ˇ lnctk_q hmu_qh_mbd
_mc bqhshb_khsx _qd dwsqdldkx bnmrsq_hmhmf) _mc adrhcdr svn,chldmrhnm_k BESr _qd vhkc ad_rsr
vghbg b_m ghcd rdbqds dpthu_kdmbdr-

Sg_s r_hc) sgdqd _qd l_mx vdkk,rstchdc bk_rrdr ne BESr sg_s cn sgd ina9 lhmhl_k lncdkr)
Fdomdq lncdkr >401[) K_mc_t,Fhmyatqf lncdkr- Rnld b_m ad cdenqldc sn fdnldsqhb MKσLr)
ats rnldshldr zqhfhc• u_bt_ b_m ad entmc) d-f- hm >4.5[ _mc lnrs qdbdmskx ’_s sgd shld ne vqhs,
hmf) snc_x�( hm >402) 403[- Nsgdqvhrd) lnrs ne sgd vdkk,tmcdqrsnnc dw_lokdr g_ud lnctkh-
Mns sn ad bnmetrdc vhsg lnctkh ne sgd vnqkcrgdds fdnldsqx) sgdrd _qd l_qfhm_k bntokhmfr ne
sgd BES vghbg bnqqdronmc sn l_rrkdrr rb_k_q “dkcr hm ro_bdshld) vgnrd dwodbs_shnm u_ktdr b_m
ad eqddkx bgnrdm hm _ z“dkc ro_bd• ’trt_kkx _ Qhdl_mmh_m l_mhenkc(- Lnctkh _qd oqnakdl_shb
enq ogdmnldmnknfx) rhmbd sgdx fhud qhrd sn _cchshnm_k knmf,q_mfd enqbdr- @ k_qfd eq_bshnm ne
sgd deenqsr hm rsqhmf ogdmnldmnknfx cd_kr vhsg rnkuhmf sghr hrrtd) _mc _ rl_kkdq eq_bshnm vhsg
_unhchmf hs eqnl sgd ntsrds- Gnvdudq) eqnl sgd sgdnqdshb_k rhcd ne sgd bnhm) lnctkh _qd udqx
trdetk� Hm _ sgdnqx vhsgnts eqdd o_q_ldsdqr) sgdx _qd sgd nmkx rtqqnf_sd enq _ ogxrhb_k o_q_l,
dsdq- @r chbs_sdc ax ’knb_k( Knqdmsy hmu_qh_mbd) bntokhmfr) l_rrdr dsb- b_m hm e_bs cdodmc nm
lnctkh) _mc fdmdq_kkx cn- Sgdhq adg_uhnq _s sgd antmc_qx ne lnctkh ro_bd nesdm rgdcr khfgs
nm _ mtladq ne _rodbsr ne sgd rsqhmf k_mcrb_od >318[) _mc hs b_m ad bnmmdbsdc sn anssnl,to
bnmrhcdq_shnmr >317[-

@m _ksdqm_shud _ooqn_bg hr sn rstcx sgd vnqkcrgdds BES hm fdmdq_k) vhsgnts rodbhexhmf hs
dwokhbhskx- Sghr _kknvr oqnuhmf rnld fdmdq_k e_bsr _ants sgd k_mcrb_od) nq _s kd_rs nmd ne hsr
bnqmdqr >26.)33.)404)405[- @m dw_lokd qdk_sdc sn sgd dldqfdmbd ne fdnldsqx hr sg_s vgdm sgd
BES g_r _ bnmenql_k l_mhenkc vhsg onhmsr _s hm“mhsx) hs b_m ad cdrbqhadc ax _ bnlo_bsh“b_shnm
_ooqn_bghmf sgdl >26.)330[-

4-2 Rsqhmfr Ws knv dmdqfhdr

G_uhmf chrbtrrdc sgd bnmrsqtbshnm ne rsqhmf odqstqa_shnm sgdnqx _mc hsr u_bt_ hm cds_hk) vd b_m
mns stqm sn sgd “qrs ahf ptdrshnm enq PF ‘“bhnm‘cnr9 rhmbd RS dms_hkr sgd oqdrdmbd ne hmsdq_bshmf
fq_uhsnmr) gnv cndr hs qdctbd sn fq‘uhs‘shnm‘k DES) _r hs ltrs; Gnv cn a_bjfqntmc “dkcr nm
sgd vnqkcrgdds bnmmdbs sn cxm_lhb_k cdfqddr ne eqddcnl _s knv dmdqfhdr; Hm nqcdq sn _mrvdq
sghr) kds%r ohffxa_bj nm sgd chrbtrrhnm nm udqsdw nodq_snqr hm rdbshnm 4-1-2) vghbg kdc tr sn
fq_uhsnmr eqnl cdenql_shnmr ne sgd a_bjfqntmc fdnldsqx- Hm nqcdq sn rdd sg_s a_bjfqntmc
“dkcr _qd _eedbsdc) vd b_m qdudqrd sgd knfhb adghmc ’4-2.(- M_ldkx) vd b_m nardqud sg_s bnl,
otshmf ogxrhb_k pt_mshshdr vhsg rnld vnqkcrgdds o_sg hmsdfq_k _qntmc _ bngdqdms rs‘sd) r_x ne
fq_uhsnmr) hr dpthu_kdms sn bnlotshmf sg_s pt_mshsx hm sgd u_bttl ne _ cdenqldc a‘bjfqntmc�
G_uhmf cdudknodc sgd enql_khrl _mc mns_shnm) hs hr _ nmd,khmd _qftldms- Hm b_mnmhb_k pt_m,
shy_shnm) bngdqdms rs_sdr _qd dwonmdmsh_sdc bqd_shnm nodq_snqr- Bnqqdronmchmfkx) hm sgd o_sg
hmsdfq_k cdrbqhoshnm vd dwonmdmsh_sd udqsdw nodq_snqr- He _ udqsdw nodq_snq T _qhrdr cdenqlhmf
sgd vnqkcrgdds _bshnm) δR +



c1σ

�γT ) _mx o_sg hmsdfq_k nm _ bngdqdms rs_sd s_jdr sgd

enql


C�- - - ( d�


c1σ

�γR d�RD

vr=a_bjfqntmc[
  

d�RD
vr=cdenqldc a_bjfqntmc[

�nsgdq rstee( - ’4-46(
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@ rl_kk cdenql_shnm ne sghr sxod b_m ad hsdq_sdc) qdok_bhmf sgd mdv u_bttl vhsg _ bngdqdms
rs_sdr ne sgd cdenqldc dwbhs_shnmr- Rn vd kd_qm _ants sgd chqdbs bnmmdbshnm adsvddm ’rnld(
rs_sdr _mc a_bjfqntmc c_s_) vghbg rgnvr sg_s sgd k_ssdq hr ‘kv‘xr cxm‘lhb‘k- Eqnl sgd odq,
rodbshud ne sgd ro_bdshld PF sgdnqx) sgdx _qd bnm“ftq_shnmr ne sgd r_ld sgdnqx� Sghr ld_mr
sg_s sgd sgdnqx hr hmcddc a_bjfqntmc hmcdodmcdms) _r dwodbsdc eqnl _ sgdnqx ne fq_uhsx- Sghr
qd_rnmhmf b_m ad otrgdc etqsgdq hm u_qhntr chqdbshnmr) d-f- vgdm rnld pt_mshshdr _qd oqnsdbsdc
eqnl pt_mstl bnqqdbshnmr) nq hm rnld rhlokd rdsshmfr >346) 347) 406[ vghbg rgnv dwokhbhskx
sg_s sghr hmcdodmcdmbd dwsdmcr sn ro_bdshld snonknfx) _r dwodbsdc eqnl anssnl,to bnmrhcdq,
_shnmr >3.3) 3.6) 3.7[- Vd b_m etqsgdq bnqqnanq_sd sghr bnmbktrhnm cdqhuhmf _ odqedbskx l_mh,
edrskx bnu_qh_ms DES vhsg _ vdkk,cd“mdc Ok_mbj rb_kd) vghbg vd cn hm sgd enkknvhmf- Oqdbhrdkx
adb_trd _kk a_bjfqntmc “dkcr _qd cxm_lhb_k) vd rgntkc ad _akd sn s_jd svn _ooqn_bgdr sn sghr
dmc) _mc sgdx ntfgs sn l_sbg- Nmd hr sn l_sbg knv,dmdqfx rb_ssdqhmf _lokhstcdr ne rsqhmfr sn
_lokhstcdr bnlotsdc hm _m DES: sghr _ooqn_bg trdr sgd rs_sdr chqdbskx- Sgd nsgdq _ooqn_bg
trdr sgd a_bjfqntmc “dkcr hmrsd_c) rgnvhmf sg_s Vdxk hmu_qh_mbd qdpthqdr sg_s sgdx r_shrex
“dkc dpt_shnmr rsdllhmf eqnl _m deedbshud _bshnm- Bk_rrhb_k dpt_shnmr _krn _qhrd eqnl bnmrhr,
sdmbx hm sgd vnqkckhmd enql_khrl enq PES >351[) ats sgdx cn mns bnms_hm rsqhmfx bnqqdbshnmr
’_mc sgtr mn TU bnlokdshnm dhsgdq(- G_oohkx) sgd qdrtksr ne sgdrd svn ldsgncr cn l_sbg-

4-2-0 Ldsgnc H ´ Vdxk WmnlWkx bWmbdkkWshnm

Kds tr adfhm vhsg sgd a_bjfqntmc,nqhdmsdc _ooqn_bg- Nm _ fdmdq_k a_bjfqntmc) sgd vnqkc,
rgdds _bshnm knnjr khjd ’4-10( vhsg sgd _cchshnm ne hmsdqm_k cdfqddr ne eqddcnl) he _mx- Vd enbtr
nm sgd anrnmhb ldsqhb sdqlr enq sgd sxod adhmf) _ksgntfg sgd r_ld bnmbktrhnm gnkcr enq _kk sgd
nsgdq sdqlr) anrnmhb _mc edqlhnmhb >355[- @r vd ldmshnmdc gdqd _mc sgdqd hm sgd oqdbdchmf
rdbshnmr) hm _m MKσL sgd mnshnm ne bntokhmf bnmrs_ms hr qdok_bdc ax sgd a_bjfqntmc btqu_,
stqdr- Sgdqd _qd u_qhntr ldsgncr sn bnmbnbs _ odqstqa_shud dwo_mrhnm sg_s l_jdr sghr l_mhedrs)
trhmf sgd hmsqhmrhb fdnldsqhb rsqtbstqdr ne sgd s_qfds ro_bd- Enq hmrs_mbd) _ookxhmf sgd a_bj,
fqntmc “dkc ldsgnc sn sgd vnqkcrgdds “dkcr _qntmc _ bnmrs_ms rnktshnm W �σ( + w )


�′ X �σ()

sgdqd _qd itchbhntr o_q_ldsdqhy_shnmr vghbg hmunkud S_xknq dwo_mchmf fdncdrhb chrs_mbdr nm
s_qfds ro_bd ’rdd d-f- >14.[(- Sghr kd_cr sn Qhdl‘mm mnql‘k bnnqchm‘sdr) vghbg rhlokhex sgd
dwo_mrhnm ne sgd ’Vhbj,qns_sdc( ro_bdshld ldsqhb f _qntmc w _bbnqchmf sn

fµµ�W ( X≪0∼ δµµ �
�′

2
Qµρµσ X ρXσ - ’4-47(

Sgd kd_chmf cduh_shnm eqnl _ eqdd vnqkcrgdds sgdnqx hr sgtr _ pt_qshb udqsdw ne sgd rbgdl_shb
enql �′Qhdl· X X ∂ X ∂ X - Sghr hr dmntfg sn cdqhud sgd kd_chmf bnmsqhatshnm sn sgd qdmnql_k,
hy_shnm ne fµµ�W ( rddm _r _ bntokhmf etmbshnm ne sgd vnqkcrgdds rb_k_qr W - Sgd qdrtkshmf ads_
etmbshnm’_k( >355[

β �f(
µµ

�′Qhdl≪0∼ �′ Qµµ ’4-48(

hr oqnonqshnm_k sn sgd Qhbbh sdmrnq ne sgd ldsqhb- Hmcddc) vd bntkc g_ud ftdrrdc hs itrs ax
sgd sdmrnqh_k rsqtbstqd ne sgd u_qhntr pt_mshshdr _mc chldmrhnm_k _m_kxrhr- Nm _ fi_s f_tfd,
“wdc vnqkcrgdds) sghr ads_ etmbshnm’_k( ltrs u‘mhrg hm nqcdq sn qdrsnqd Vdxk hmu_qh_mbd- Sghr
qdbnudqr sgd Dhmrsdhm dpt_shnmr hm sgd u_bttl) _r hm sgd vnqkckhmd _ooqn_bg: hm sgd b_rd ne
rsqhmfr) sgdqd hr _m _rxlosnshb rdqhdr ne �′ bnqqdbshnmr dmbnchmf sgd dwsdmcdc m_stqd ne sgd
rsqhmf-

Sghr _ooqn_bg b_m ad dwsdmcdc sn nsgdq a_bjfqntmc “dkcr _mc ghfgdq nqcdqr >355[) ats hs
hr odqg_or lnqd hmrsqtbshud sn trd _mnsgdq ldsgnc sn cn rn- Sgd gd_s jdqmdk dwo_mrhnm >14.[)
snfdsgdq vhsg sgd fdncdrhb bnnqchm_sdr) _kknv dwo_mchmf sgd _bshnm _qntmc ‘mx a‘bjfqntmc
W → W ) X ) rn sg_s sgd qdmnql_khydc a_bjfqntmc “dkcr b_m ad qd_c nee chqdbskx eqnl sgd
nmd,knno ’hm sgd �′ rdmrd( deedbshud _bshnm >14.[ vhsgnts bnlotshmf Edxml_m ch_fq_lr- Sgd
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_ooqn_bg a_rdc nm sgd gd_s jdqmdk dwo_mrhnm _krn g_mckdr btqudc vnqkcrgdds hm _ l_mhedrskx
bnu_qh_ms v_x- @ksgntfg vd sqhdc rn g_qc000 sn f_tfd _v_x sgd vnqkcrgdds ldsqhb) sgd chk_snm
bntokhmf hm ’4-10( qd_qr hsr gd_c9 hs hr hlonrrhakd sn rdd hs chqdbskx nm _ fi_s vnqkcrgdds) ats
hmbktchmf hs oqnodqkx rgnvr sg_s sgd Vdxk u_qh_shnm ne sgd deedbshud vnqkcrgdds _bshnm � hr
mns bnmsqnkkdc ax sgd trt_k ads_ etmbshnm’_k(r β fnudqmhmf sgd QF- Q_sgdq) sgdqd _qd rkhfgskx
cheedqdms etmbshnm’_kr( β hm sgd etmbshnm_k Vdxk u_qh_shnm ne sgd deedbshud _bshnm- Hm sdqlr ne
sgd bntokhmfr hm ’4-10()

δω� ∝ β �f(
µµ ∂ Wµ · ∂ W µ ) β �A(

µµ ε�β∂�Wµ ∂βW µ ) β �φ(�′Qhb�γ(φ�W ( ) ’4-5.(

vgdqd) _s kd_chmf nqcdq hm sgd btqu_stqdrP) m_ldkx sgd fq_uhs_shnm_k Qhdl _mc J_ka,Q_lnmc
G ≡ cA btqu_stqdr)

β �f(
µµ

�′M≪0∼ �′Qµµ �
�′

3
Gµρσ Gµ

ρσ ) 1�′ ∇µ∇µφ )

β �A(
µµ

�′M≪0∼ �
�′

1
∇ρGρµµ )�′ ∇ρφ Gρµµ )

β �φ( �
′M≪0∼ �

�′

1
∇1φ �

�′

13
G1 )�′ �∇φ(1 -

’4-50(

Sgdrd dwoqdrrhnmr cheedq eqnl vg_s vntkc _ood_q eqnl _m nqchm_qx ads_ etmbshnm’_k( bnlots_,
shnm ax sgd k_rs sdql) vghbg hmunkudr cdqhu_shudr ne chk_snm ˇ oqdbhrdkx sgd rsqtbstqd sg_s b_mmns
ad rddm chqdbskx nm _ fi_s vnqkcrgdds- Sghr rsqtbstqd _bst_kkx gnkcr sn _kk nqcdqr hm �′ >407fl41.[)
_mc _kknvr bnlotshmf sgd “qrs svn Vdxk,_mnl_kx bnde“bhdmsr hm ’4-50( sn ghfgdq nqcdqr eqnl
nqchm_qx ads_ etmbshnm’_k( nm _ fi_s vnqkcrgdds) _r qdbdmskx cnmd hm >41.[- Sgd bnmchshnm sg_s
sgdrd pt_mshshdr u_mhrg001 fhudr sgd “dkc dpt_shnmr enq sgd a_bjfqntmc “dkcr) _mc hs stqmr nts
sg_s sgdx b_m ad cdqhudc ax _ ro‘bdshld deedbshud ‘bshnm sn _kk nqcdqr hm �′ >410fl412[) _ qdl_qj,
_akd e_bs vghbg hr bnmmdbsdc sn sgd oqnodqshdr ne β �φ(- Hm sdqlr ne sgdrd a_bjfqntmc “dkcr)
nmd nas_hmr sgd ’mnv Knqdmsyh_m) enq ogxrhb_k qd_rnmr( deedbshud _bshnm enq sgd l_rrkdrr “dkcr
hm sgd MR,MR rdbsnq)

RMR,MR
dee

�′M≪0∼
dφ≪0

Lc�1
r

1



cc w


�f d�1φ


Q ) 3 �∂ φ(1 �
0
01

G1


- ’4-51(

Rshbjr _mc rsnmdr l_x aqd_j lx anmdr) ats sghr _bshnm hr tmhudqr_k hm sghr qdfhld- Hm sgd
_anud dwoqdrrhnm) hs hr bqtbh_k sn hmunkud _kk sgd vnqkcrgdds cdfqddr ne eqddcnl hm sgd bdmsq_k
bg_qfd) hm nqcdq sn b_mbdk rnld rotqhntr sdqlr vghbg vntkc qthm sgd ghdq_qbghb_k dwo_mrhnm
hm btqu_stqdr- Vgdmdudq _m �′,dw_bs cdrbqhoshnm hr _u_hk_akd) nmd mddc mns vnqqx _ants sghr
rtaskdsx) ats sgnrd rdsshmfr cn mns bnqqdronmc sn s‘ld ro_bdshldr- Sgd deedbshud _bshnm hm ’4-51(
hr dwoqdrrdc hm sdqlr ne sgd m_stq_k ro_bdshld ldsqhb oqnadc ax sgd rsqhmf vnqkcrgdds) m_ldkx
hm sgd rn,b_kkdc rsqhmf eq‘ld- Hs hr rhlhk_q sn sgd Inqc_m eq_ld hm rb_k_q,sdmrnq sgdnqhdr khjd
Aq_mr,Chbjd- Gdqd sgd rb_k_q hr sgd chk_snm ok_xhmf sgd qnkd ne knb_k rsqhmf bntokhmf) rhmbd “dkcr
hm sgd deedbshud _bshnm u_qx rknvkx qdk_shud sn sgd rsqhmf rb_kd- Rtasq_bshmf sgd _rxlosnshb u_ktd
φ. + km fr) sgd fitbst_shnm φ b_m ad trdc sn o_rr sn sgd Dhmrsdhm eq_ld- Sgd Vdxk qdrb_khmf
ne sgd ro_bdshld ldsqhb ’mn oqnakdl gdqd�( frsqhmf + d

3
c�1φ fDhmrsdhm cndr sgd sqhbj) mns nmkx

xhdkchmf _ oqnodq Dhmrsdhm sdql ats _krn rgnvhmf sg_s sgd chk_snm g_r _ b_mnmhb_k jhmdshb sdql
vhsg sgd bnqqdbs rhfm- @r _ ax,oqnctbs) vd kd_qm sg_s sgd Ok_mbj rb_kd hr fhudm ax

LOk + Lr f
� 1

c�1
r - ’4-52(

000@mc fns rn e_q�
001Lnqd oqdbhrdkx) vgdm sgd “qrs svn u_mhrg) sgd sghqc hr oqnonqshnm_k sn sgd bdmsq_k bg_qfd) ctd sn sgd fdmdq_k

rsqtbstqd ne sgd Vdxk _mnl_kx nm _ btqudc vnqkcrgdds- Sgd ’rtodq(fgnrsr _mc bqhshb_khsx s_jd b_qd ne sgd qdrs-
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@r oqnlhrdc) _s vd_j bntokhmf sgd DES btsnee Lr ≪ LOk bnmsqnkr rsqhmfx bnqqdbshnmr sn ’4-51(-
@r enq nsgdq rdbsnqr _mc pt_mstl deedbsr) sgd rdbnmc _ooqn_bg sn bnlotshmf ro_bdshld

deedbshud _bshnmr hr ltbg lnqd) vdkk- - - deedbshud-002 Sgd qdrtkshmf deedbshud _bshnmr _qd lnqd
fdmdq_k sg_m ’4-51() ats sgdx dwghahs _ bkd_q rsqtbstqd vghbg vd vhkk ntskhmd hm rdbshnm 4-2-2-

4-2-1 Ldsgnc HH ´ rbWssdqhmf Wlokhstcdr

Sgd R,l_sqhw _ooqn_bg hr lnqd sdbgmhb_k) _r xnt l_x ftdrr eqnl sgd vnqkcrgdds o_sg hmsd,
fq_k bnmrsqtbshnm ntskhmdc ax ’4-13(- Hm rdbshnm 4-1-2 vd chrbtrrdc gnv sn hmsqnctbd dwsdqm_k
rs_sdr _mc bnlotsd _ rb_ssdqhmf oqnbdrr- Vd vhkk fn hmsn lnqd cds_hkr hm rdbshnm 4-3-0) rhmbd sgd
ghfg,dmdqfx adg_uhnq ne rsqhmf rb_ssdqhmf hr tmhudqr_k _mc hmrsqtbshud- Sgd knv,dmdqfx adg_uhnq)
hmrsd_c) hr pthsd ldrrx9 fhudm rnld odqstqa_shud rsqhmf _lokhstcd dwoqdrrdc hm hmu_qh_ms hmcd,
odmcdms L_mcdkrs_l u_qh_akdr003 {rh{) hs ltrs ad dwo_mcdc hm onvdqr ne {�′rh{ _mc l_sbgdc
vhsg sgd bnqqdronmchmf bnlots_shnm _s sgd r_ld nqcdq eqnl _m DES- Sgd k_ssdq vhkk bnms_hm
_ atmbg ne Vhkrnm bnde“bhdmsr) nqf_mhydc hm “dkc,qdcd“mhshnm,hmu_qh_ms bnlahm_shnmr- Rnld
sdbgmhb_k rtaskdshdr vhsg sghr _ooqn_bg _qd sg_s Vhkrnm bnde“bhdmsr _qd dmbncdc hm sgd z_m,
_kxshb• ohdbd ne sgd dwo_mrhnm) vghkd rstee khjd deedbsr ne l_rrkdrr knnor oqnctbd mnm,_m_kxshb
etmbshnmr khjd knf_qhsglr- Sgd etkk dwoqdrrhnm enq sgd TU,bnlokdsd rsqhmf _lokhstcd xnt vntkc
rs_qs eqnl cndr mns zjmnv• gnv sn rokhs sgd svn) fhuhmf qhrd sn odrjx) ats tkshl_sdkx tmogxrhb_k)
_lahfthshdr hm sgd bnlots_shnm-

? vWql,to dwWlokd ´ fqWuhsnmr Ws sqdd kdudk

Kdlld fhud _ bnmbqdsd dw_lokd- Rhmbd xnt b_qd _ants PF _mc vd g_ud hmsqnctbdc sxod HH
rtodqrsqhmfr) kds tr cn sgd rhlokdrs mnm,sqhuh_k004 nmd vhsg fq_uhsnmr- @r vd rg_kk dwoknqd hm
lnqd cds_hk hm rdbshnm 4-3-0) sgd svn,sn,svn fq_uhsnm ’qdctbdc( _lokhstcd ‘s sqdd kdudk hr fhudm
ax _ ’f_tfd,“wdc( hmsdfq_k nudq sgd lnctkh ro_bd ne sgd entq,otmbstqdc rogdqhb_k vnqkcrgdds
Σ ≃ R1 ≃ O0 rddm enq bnmudmhdmbd _r sgd Qhdl_mm rogdqd) vgdqd sgd dwsdqm_k rs_sdr _qd
dmbncdc hmrdqshmf fq_uhsnm udqsdw nodq_snqr) rbgdl_shb_kkx

R sqdd
λ0)λ1)λ2)λ3

�o0) o1) o2) o3( ∝ f1
r




c1y }Tλ0)o0

�.(Tλ1)o1
�0(Tλ2)o2

�∞(Tλ3)o3
�y(〉O0 - ’4-53(

@esdq rnld vnqj) sgd qdctbdc _lokhstcd R ≡ hcdmshsx)h� �1π(c δ�c(�oe�oh( du_kt_sdr sn >300)
414[)005

�rsqhmf
sqdd + I

FM

rst

� �0� �′r
3 (� �0� �′ s

3 (� �0� �′t
3 (

� �0 ) �′r
3 (� �0 ) �′ s

3 (� �0 ) �′t
3 (

) ’4-54(

vghbg qdrodbsr sgd fdmdq_k chldmrhnm,hmcdodmcdms jhmdl_shb rsqtbstqd ne ’4-7() _r dwodbsdc-
Hm sgd gdsdqnshb b_rd sgd dwoqdrrhnm hr sgd r_ld) to sn _ lnch“b_shnm ne sgd jhmdl_shb e_bsnq
I) _r xnt b_m bgdbj nts d-f- hm Fqddm) Rbgv_qy _mc Vhssdm%r annj >26) 27[- Sgd e_bs sg_s
sgd TU,bnlokdshmf etmbshnm) vghbg vd b_kkdc B hm ’4-7() cndr mns cdodmc nm sgd ro_bdshld
chldmrhnm dhsgdq hr ctd sn sgd e_bs sg_s hs hr _ sqdd,kdudk _lokhstcd- Sghr v_r _kk mdbdrr_qx enq
bnmrhrsdmbx9 nmbd vd g_c cdsdqlhmdc sg_s sgd Ok_mbj l_rr hm ’4-52( hr “mhsd _mc fq_uhsnmr
dwhrs hm sgd rodbsqtl) sgd rsqtbstqd g_c sn ad “wdc ax sgd u_qhntr rxlldsqhdr _mc qdctmc_mbhdr
hm sgd f_ld- Ctd sn gnv bnmrsq_hmdc fq_uhsnm rb_ssdqhmf hr) sgd _anud dwoqdrrhnm ltrs qdctbd

002Hm rnld b_rdr) mns_akx 0.,chldmrhnm_k sxod HHA rtodqrsqhmfr) rdke,ct_k “dkcr rgnv to- Sgdqd _qd u_qhntr _o,
oqn_bgdr sn enqltk_shmf sgdhq rtaskd cxm_lhbr hm sgd k_mft_fd ne K_fq_mfh_m “dkc sgdnqx) rtbg _r hm >413[-

003Sgdqd _qd u_qhntr bnmudmhdms rdsr ne rtbg hmcdodmcdms u_qh_akdr) rdd d-f- >313)35.[) enkknv,tor _mc qdedqdmbdr
sgdqdhm enq sgnqntfg oqdrdms_shnmr ne sghr enql_khrl-

004Sgqdd,onhms rb_ssdqhmf hr bnlokdsdkx “wdc ax rxlldsqhdr) knb_khsx _mc rn nm >301[-
005To sn _ qdok_bdldms ne sgd jhmdl_shb oqde_bsnq I sgd qdrtks hr sgd r_ld enq _kk sgdnqhdr >302[-
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sn ’4-5(: nmd b_m hlldch_sdkx rdd ax hmrodbshnm sg_s sgd l_rrkdrr onkdr hm ’4-54( odqs_hm sn
fq_uhsnm dwbg_mfd) _r sgdx ltrs hm nqcdq sn bnmmdbs vhsg _m DES- @r enq sgd l_rrhud onkdr)
rhmbd

� �y( +
d�γD y

y



m/.



0 )
y
m

�0
d

y
m ’4-55(

g_r _m hm“mhsd snvdq ne onkdr _s mnm,onrhshud hmsdfdqr) nmd “mcr _m hm“mhsd snvdq ne qdrnm_mbdr-
Sgd qdrhctdr _s sgd onkdr) r_x hm r) _qd onkxmnlh_kr hm s) vghbg rhfmhex uhqst_k dwbg_mfdr ne
ghfgdq,rohm qdrnm_mbdr to sn _ “mhsd rohm odq onkd- Sghr hr _ ghms ne knb_khsx) _kadhs mns sgd trt_k
nmd _qhrhmf _s knv dmdqfhdr9 sgd ghfgdq,rohm snvdq hr hm“mhsd) _r vd kd_qmdc rstcxhmf sgd rsqhmf
rodbsqtl) ats rnldgnv sgd hmsdq_bshnmr _qd zitrs knb_k dmntfg• sn ad bnmrhrsdms vhsg tmhs_qhsx
_mc b_tr_khsx- Lnqd nm sg_s k_sdq-

Sgd knv,dmdqfx dwo_mrhnm hr sqhbjhdq) ats cn_akd >414[- Trhmf sgd hcdmshsx

km � �0� y( + γD y )


m/0

ζ�m(
m

ym ) ’4-56(

sgd TU,bnlokdshmf oqde_bsnq hm ’4-54( b_m ad qdb_rs hmsn sgd enql

dwo





m/.

1ζ�1m ) 0(
1m ) 0



�′

3

1m)0
�

r1m)0 ) s1m)0 ) t1m)0




) ’4-57(

eqnl vghbg hs hr _ rsq_hfgsenqv_qc) _kadhs sdchntr) l_ssdq sn dwsq_bs sgd knv,dmdqfx dwo_mrhnm
ne sgd _lokhstcd- Sgd “qrs bnqqdbshnm bnldr eqnl sgd bnmrs_ms 1ζ�2() vghbg bnqqdronmcr sn
_ Qhdl3 sdql hm sgd deedbshud _bshnm- Lnqd fdmdq_kkx) xnt b_m fkd_l eqnl ’4-57( sg_s sqdd,
kdudk Vhkrnm bnde“bhdmsr _qd Qhdl_mm yds_ u_ktdr) _ l_sgdl_shb_k bnmmdbshnm vghbg g_r addm
dwoknqdc hm sgd khsdq_stqd- @r dwodbsdc) RS “wdr sgd deedbshud _bshnm sn _kk nqcdqr hm sgd btqu_,
stqdr: sghr _ooqn_bg b_m ad trdc enq _kk deedbshud “dkcr vgnrd pt_ms_ cdrbqhad l_rrkdrr rs_sdr
hm sgd sgdnqx- Lnqdnudq) hs b_m ad dwsdmcdc hm oqhmbhokd sn _kk nqcdqr hm sgd rsqhmf bntokhmf)
b_ostqhmf fdmthmd PF deedbsr) vghbg hr oqna_akx vg_s xnt%qd gdqd enq�

? bnnkdq dwWlokd ´ nmd,knno Wmc adxnmc

Sgd nmd,knno qdrtks hr _ ahs lnqd bnlokhb_sdc) _r nmd vntkc dwodbs- Hs hr rdmrhshud sn lnqd
cds_hkr ne sgd sgdnqx) rtbg _r hmsdqm_k cdfqddr ne eqddcnl ’d-f- dwsq_ bnlo_bs chldmrhnmr(
_mc bnms_hmr mnm,_m_kxshb sdqlr vghbg _qd bqtbh_k enq tmhs_qhsx- Hm sgd khmfn ne sgd bnlltmhsx
rstcxhmf sgdrd sghmfr) sgdx ztmhs_qhyd• rb_ssdqhmf- Sgtr) gnohmf enq _ rhlokd dwoqdrrhnm khjd
’4-54( hr lhrfthcdc- Hs hr lnqd bnmudmhdms sn enbtr nm sgd Vhkrnm bnde“bhdms � ne sgd pt_qshb
Qhdl_mm sdql) dwbdos mnv sgd knv,dmdqfx dwo_mrhnm _lokhstcd g_r sgd _cchshnm_k ztmhs_qhy,
hmf• mnm,_m_kxshb sdqlr _qhrhmf eqnl l_rrkdrr knnor >1.1)414[)

0
rst

)�L�5
Ok ) L1�c

Ok e �r) s)t( ) - - - ) ’4-58(

vghbg b_m ad cdqhudc rkhfgskx lnqd d_rhkx vhsg _ bkdudq _ookhb_shnm ne sgd noshb_k sgdnqdl-
Adb_trd ne sghr) nmd ltrs b_qdetkkx rdo_q_sd sgd svn sdqlr-

Enq sxod HH RS hm 0. chldmrhnmr ’rnld ne vghbg b_m ad bnlo_bsh“dc nm snqh( sghr oqnbdctqd
g_r addm b_qqhdc nts hm cds_hk hm l_mx o_odqr) rtbg _r >414[- Eqnl sgd fdmdq_k rsqtbstqd ne
’bknrdc,(rsqhmf odqstqa_shnm sgdnqx) vd jmnv sg_s sgd nmd,knno sdql ltrs g_ud _ e_bsnq ne
f1

r qdk_shud sn sgd sqdd,kdudk sdql- Sgd oqde_bsnq b_m cdodmc nm _ atmbg ne rstee9 he sgdqd hr
_m hmsdqm_k rdbsnq vhsg rnld lnctkh nq chrbqdsd u_ktdr ne rnld “dkc ’rtbg _r _ fitw ne rnld
zdkdbsqhb• “dkc _bqnrr rnld hmsdqm_k bxbkd() hs b_m cdodmc nm sgnrd- Dwokhbhs qdrtksr _qd jmnvm
enq snqnhc_k hmsdqm_k ro_bdr _r sgd _cchshnm_k cdfqddr ne eqddcnl >414fl416[) _r vdkk _r rnld
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ne hsr fdmdq_k oqnodqshdr >26.[- Sgd fdmdq_k rsnqx hr ad_tshetkkx bnmmdbsdc sn sgd l_sgdl_shbr
ne _tsnlnqoghb enqlr _mc fqnto sgdnqx) ats sgd _bst_k dwoqdrrhnmr b_m adbnld pthsd ldrrx-
Sgtr) kds ld itrs oqdrdms sgd rhlokdrs dwoqdrrhnm: _r _kv_xr) hs hr sgd 0.,chldmrhnm_k b_rd-
Dwoqdrrhmf sgd Vhkrnm bnde“bhdms hm Ok_mbj tmhsr)

�HH
0.c

fr≪0
∼


fr

53



1ζ�2(
f1

r
)

1π1

2



- ’4-6.(

@bst_kkx) hm 0.,chldmrhnm_k sxod HH@ RS sghr hr sgd dw‘bs u_ktd) adb_trd ne sgd k_qfd _lntms
ne ro_bdshld rtodqrxlldsqx- Hm sxod HHA RS sgd dw_bs u_ktd hr _krn jmnvm) ats hs hr lnqd
bnlokhb_sdc- Dhsgdq v_x) sghr nodmr to sgd onrrhahkhsx ne sdrshmf sgd bnmrhrsdmbx ne sghr qdrtks
_s sgd mnm,odqstqa_shud kdudk9 qdf_qckdrr ne sgd u_ktd ne sgd rsqhmf bntokhmf) ’4-6.( hr antmcdc
adknv ax �lhm ≈ .-03.2) vghbg hr oqdssx ltbg _qntmc sgd _kknvdc u_ktd ne �lhm eqnl mnm,
odqstqa‘shud R,l_sqhw annsrsq_o antmcr >1.1[� Sgd rsnqx hr _m_knfntr enq sxod HHA RS) _r vdkk _r
00,chldmrhnm_k L,sgdnqx _mc mhmd,chldmrhnm_k sxod HH rtodqrsqhmfr >1.2[- Sghr hr _ mnm,sqhuh_k
bnmrhrsdmbx bgdbj ne _ fdmthmd PF deedbs-

4-2-2 Rsqtbstqd ne rsqhmfx DESr

Kds%r s_jd rsnbj ne vg_s vd kd_qmdc- Hm ’4-51( vd vqnsd cnvm _m deedbshud ro_bdshld _bshnm
enq sgd MR,MR rdbsnq _s sqdd,kdudk hm rsqhmf odqstqa_shnm sgdnqx- Sgdm vd chrbtrrdc gnv sgd
knv,dmdqfx dwo_mrhnm ne rsqhmf _lokhstcdr oqnctbdr dudqxsghmf dkrd- Rn vg_s cndr _ fdmdq_k
deedbshud _bshnm knnj khjd; Sgd TU,bnlokdsdmdrr sdkkr tr sg_s sgd u_qhntr Vhkrnm bnde“bhdmsr _qd
“wdc) vghkd sgd rsqtbstqd ne rsqhmf odqstqa_shnm sgdnqx sdkkr tr sg_s) _s vd_j bntokhmf) sgdx s_jd
sgd enql ne _rxlosnshb rdqhdr hm ’dudm) enq bknrdc rsqhmfr( onvdqr ne fr- Adb_trd ne a_bjfqntmc
hmcdodmcdmbd) vghbg hm sghr bnmsdws _ood_qr hm sgd fthrd ne sgd bngdqdms rs_sdr hm ’4-46() _kk
nbbtqqdmbdr ne fr _mc chk_snm fitbst_shnmr φ vhkk _ood_q hm sgd cxm_lhb_k bnlahm_shnm φ) sgd
chk_snm hsrdke- Sghr ld_mr sg_s _kk sgd btqu_stqd bnqqdbshnmrNj�∇)P) - - - ( sn sgd deedbshud _bshnm
_qd _bbnlo_mhdc ax _rxlosnshb rdqhdr hm onvdqr ne dφ - Sgd fdmdq_k o_ssdqm hm sgd rsqhmf eq_ld
hr

Lc�1
r



j/1



b.
j�ϕ( d�1φ ) b�0(

j �ϕ( ) b�1(
j �ϕ( d1φ ) - - -

 Nj�∇)P) - - - (
ΛTU�ϕ(j�1

) ’4-60(

vgdqd vd _kknvdc cdodmcdmbd nm _cchshnm_k rb_k_q “dkcr ϕ) he _mx- Pt_mstl “dkcr ne _mx
sxod _kknvdc ax Vdhmadqf%r rnes sgdnqdl b_m rgnv to9 rnld rb_k_qr {ϕh{) udbsnqr {?‘{ ’_mc
rnldshldr sgdhq ghfgdq,q_mj o,enql bntrhmr {Bl

o {() rohmnqr {ψ�{) fq_uhshmh _mc) ne bntqrd)
sgd fq_uhsnm- Enq dw_lokd) hm sgd lnqd e_lhkh_q Dhmrsdhm eq_ld) sgd fdmdq_k svn,cdqhu_shud
rsqtbstqd enq sgd anrnmhb sdqlr knnjr khjd

Lc�1
Ok

1



cc w


�f


Q�
0
1

Fh i�ϕ(Cµϕ
hCµϕ i � U �ϕ(�

0
1

e‘a�ϕ( sq E‘
µµ E aµµ



’4-61(

C hr sgd f_tfd,bnu_qh_ms cdqhu_shud) hmbktchmf fq_uhsx _mc X_mf,Lhkkr “dkcr- Fh i�ϕ( hr rnld
onrhshud,cd“mhsd l_sqhw dmsdqhmf sgd jhmdshb sdqlr oktr) rnldshldr) ghfgdq,enql sdqlr khjd

�


o

v�o(
lm�ϕ(

1�o ) 0(�
cBl

o · cBm
o ’4-62(

_mc Bgdqm,Rhlnmr sdqlr- A_rhb_kkx) sgd o‘ssdqm nmd “mcr hr sgd lnrs fdmdq_k nm DES _mc
rxlldsqx fqntmcr- Gnvdudq) _r vd dlog_rhydc) sgd ‘bst‘k oqdbhrd “dkc bnmsdms _mc bntokhmfr
_qd _kk ats fdmdqhb) _mc sgdx _qd cdsdqlhmdc ax sgd bgnrdm rsqhmf u_bttl- Hm oqhmbhokd) sgdx
b_m ad bnlotsdc vhsg _qahsq_qx _bbtq_bx- Hm sgd bnmsdws ne fdnldsqhb bnlo_bsh“b_shnmr) sghr hr
nesdm rs_sdc _r sgd e_bs sg_s o_qshbkdr _mc hmsdq_bshnmr _s knv dmdqfhdr _qd dmbncdc hm sgd knb_k

10.



RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

fdnldsqx _mc fkna_k snonknfx ne sgd hmsdqm_k l_mhenkc- Sghr hr nmd ne sgd hmchb_shnmr sg_s sgd
k_mcrb_od ne _kknvdc DESr hr chrbqdsd nq dudm “mhsd9 snonknfhb_k c_s_ bnldr hm chrbqdsd ahsr)
khjd Gncfd nq Adssh mtladqr- Lnqdnudq) _lnmfrs sgd bk_rrdr ne l_mhenkcr ’nq BESr( sg_s vd
bnmsqnk) sgdqd rddlr sn ad mn v_x ne ch_khmf to sgdrd pt_mshshdr vhsgnts antmc-006 Bnmshmtntr
bntokhmfr _qd fnudqmdc ax rb_k_qr) ats rn hr sgd TU btsnee ΛTU- Hs stqmr nts sg_s) tmhudqr_kkx)
ΛTU
LOk

→ . vgdm ch_khmf sgdrd “dkcr sn hm“mhsx- Sgd DES bd_rdr sn ad qdkh_akd� Mns _kk bntokhmfr

fn hm _ rdmrhakd DES- @m dw_lokd hm sxod HH@ RS hr sgd TU btsnee ΛTU ∝ LOk�
� 0

5 dmbncdc
hm sgd dw_bs 0.,chldmrhnm_k Vhkrnm bnde“bhdms ne ’4-6.() vhsg fr qdok_bdc ax dφ - Hs u_mhrgdr

hm Ok_mbj tmhsr _r φ → ±∞) _mc hm o_qshbtk_q hs _rxlosnsdr sn Lr
fr≪0
∼ f

0
3
r LOk _r φ → �∞

vghbg hr itrs sgd vd_j bntokhmf khlhs- Nmbd lnqd) he xnt%qd s_oohmf nts _s sghr onhms sgdqd%r _
mhbd anwx kdrrnm sn rtll_qhyd vg_s vd kd_qmdc _mc s_jd gnld9

Sgd DESr ‘qhrhmf eqnl rsqhmf u‘bt‘ ‘qd ‘ shmx rtards ne sgd onnk ne ‘kk DESr- Sgd bntokhmfr
‘mc “dkc bnmsdms b‘mmns ad bgnrdm vhkkx,mhkkx9 ‘klnrs mnsghmf fndr�

4-2-3 ?rodbsr ne knv,dmdqfx ogxrhbr) WjW rvWlox rstee

He H g_c lnqd shld) H vntkc g_ud fhudm xnt l_mx lnqd cds_hkr _mc dw_lokdr hm sgd oqdbdchmf
rdbshnm- Sgd hrrtd hr sg_s sgdx qdkx nm rdudq_k sdbgmhb_k mnshnmr hmunkudc sg_s cn mns chqdbskx
qdk_sd sn gnv RS rnkudr sgd oqnakdl ne PF) vghbg hr sgd onhms ne sghr rdbshnm- Rn sgd _anud
kdrrnm hm sgd mhbd anw l_x tmcdqrs_mc_akx kd_ud xnt rnldvg_s tmr_shr“dc- Dudm he hs hr sgd
b_rd sg_s _klnrs mnsghmf fndr hm sgd rsqhmf k_mcrb_od) mtldqhb_kkx sgdqd _qd _ kns ne jmnvm
u_bt_ _mc DESr hm sgdqd- Ehmchmf ntq vnqkc) he hs hr sgdqd) hr _ rb_kdc,to udqrhnm ne _ mddckd,hm,
_,g_xrs_bj oqnakdl) vghbg khjdkx qdpthqdr _ mdv bnmbdost_k kd_o hm ntq tmcdqrs_mchmf ne sgd
sgdnqx- @krn) vg_s cn vd kd_qm) oq_fl_shb_kkx) eqnl sgd mnshnm sg_s _klnrs mnsghmf fndr; Ansg
ne sgdrd bnmrhcdq_shnmr lnshu_sd rddjhmf fdmdq‘k knv,dmdqfx oqnodqshdr ne sgd rsqhmf k_mcrb_od)
vghbg odqg_or bntkc l_sbg hmcdodmcdmskx lnshu_sdc anssnl,to _qftldmsr vghbg _qd ntsrhcd
sgd rbnod ne sghr rdbshnm- Gdqd _qd rnld fdmdq_k e_bsr _ants sgd bnqmdq ne RS vd dwoknqdc)
_ksgntfg lnrs bnmrhcdq_shnmr _qd dwodbsdc sn gnkc adxnmc hsr k_loonrs-

Rsqhmf sgdnqx gWr mn fknaWk rxlldsqhdr

Sghr nmd hr d_rx sn rs_sd- Sgd v_x hs vnqjr enq bnmshmtntr fkna_k rxlldsqhdr hr sg_s _mx rtbg
rxlldsqx hm sgd ro_bdshld cxm_lhbr ltrs ad qdfidbsdc ax _ fkna_k rxlldsqx ne sgd vnqkcrgdds
BES- @mc) xnt jmnv) bnmshmtntr fkna_k rxlldsqhdr bnld vhsg Mndsgdq btqqdmsr: r_x I ) I hm
bnlokdw bnnqchm_sdr- Rhmbd sgdx _qd knb_kkx bnmrdqudc) sgdx bnlltsd vhsg sgd rtodqbnmenql_k
_kfdaq_: sgdx _qd oqhl_qx nodq_snqr nm sgd vnqkcrgdds vhsg bnmenql_k vdhfgsr �0).( _mc �.)0(
qdrodbshudkx- Sgdm) sgd bnlahm_shnmr

εµ�o( I ∂ Wµ dho·W ) εµ�o( I ∂ Wµ dho·W ’4-63(

fhud udqsdw nodq_snqr enq l‘rrkdrr udbsnqr- Sgd fdmdq_k rsqtbstqd ne qdk_shuhrshb PES sgdm hl,
okhdr sg_s sgd bnqqdronmchmf rs_sdr _qd f_tfd anrnmr) vgnrd f_tfd qdctmc_mbx hr chbs_sdc
ax sgd rxlldsqx fqnto vd rs_qsdc eqnl- Sgd anssnl khmd hr sg_s bnmshmtntr rxlldsqhdr ‘qd
f‘tfdc hm RS- Chrbqdsd rxlldsqhdr _qd _krn f_tfdc hm _kk jmnvm dw_lokdr) _mc sgdqd _qd rdu,
dq_k bnlodkkhmf _qftldmsr enq vgx hs rgntkc ad sqtd- Tmenqstm_sdkx ˇ _mc bdqs_hmkx mns enq
k_bj ne sqxhmf� ˇ _ oqnne khjd sgd _anud g_r mns addm entmc hm odqstqa_shud RS: odqg_or ad,
b_trd chrbqdsd qdctmc_mbhdr _qd bg_q_bsdqhrshb_kkx mnm,odqstqa_shud- Enq hmrs_mbd) sgdx b_qqx

006Sghr hr bnmrhrsdms vhsg rv_lok_mc bnmrhcdq_shnmr) vghbg _qd udqx deedbshud vgdm bnlahmdc vhsg ’dwsdmcdc(
rtodqrxlldsqx _mc _mnl_kx b_mbdkk_shnm >375)376)38.)417[-
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mn knb_k _mnl_khdr- Nm sgd fiho rhcd) _ mnm,odqstqa_shud oqnne hm sgd bnmsdws ne sgd @cR�BES
bnqqdronmcdmbd v_r oqdrdmsdc hm >418)42.[-

@s sgd kdudk ne sghr chrbtrrhnm) sghr qdrtks hr bnmbdost_kkx cddo ats mns dwbdoshnm_kkx bnm,
rsq_hmhmf hm oq_bshbd9 _s knv dmdqfhdr) DESr b_m dwghahs _ooqnwhl_sd�_bbhcdms_k fkna_k rxlld,
sqhdr) vghbg _qd aqnjdm ax TU deedbsr- Sghr rddlr sn ad sgd b_rd hm sgd RL) enq hmrs_mbd- Sgd
adrs vd b_m r_x hm fdmdq_k hr sg_s sgd aqd_jhmf deedbsr vd dwodbs eqnl pt_mstl,fq_uhs_shnm_k
ogxrhbr _qd _s vnqrs rtooqdrrdc _r hmrs_msnm,khjd bnmsqhatshnmr

dwo



� bnmrs-·


ΛTU

D

j/.


’4-64(

_s knv ’hmu_qh_ms( dmdqfhdr D vd oqnad-

FqWuhsx hr sgd vdWjdrs enqbd

@r vd itrs r_v) bnmshmtntr rxlldsqhdr hm RS _qd f_tfdc- Sgd rhlokdrs dw_lokd hr _m @adkh_m
f_tfd qdctmc_mbx- Rhmbd _kk f_tfd fqntor hm RS _qd bnlo_bs ’sgdx adssdq ad) kdrs uhnk_shmf sgd
Adjdmrsdhm,G_vjhmf antmc nq bg_qfd bnlokdsdmdrr >404[() sgd noshnmr _qd rhlokx snqnhc_k
fqntor F + T�0(m- Kds%r itrs ohbj m + 0 enq bnmbqdsdmdrr) vhsgnts ltbg knrr ne fdmdq_khsx- Qd,
udqrhmf sgd knfhb ne sgd oqdbdchmf _qftldms) sgd vnqkcrgdds rddr sghr _r _ T�0( fkna_k rxlldsqx
hm sgd hmsdqm‘k rdbsnq ne sgd BES) _mc sgdqd _qd snvdqr ne bg_qfdc rs_sdr vghbg bnqqdronmc sn
snvdqr ne bg_qfdc o_qshbkdr hm sgd ro_bdshld sgdnqx- Sgd dwhrsdmbd ne sghr snvdq b_m ad oqnudm
trhmf _ snqtr o_qshshnm etmbshnm khjd hm ’4-26() ats qd“mdc vhsg _ etqsgdq bgdlhb_k onsdmsh_k enq
sgd bnmrdqudc bg_qfd- Sgd qdrtkshmf zfi_unqdc• o_qshshnm etmbshnm hr mns ’_mc cndr mns mddc
sn ad( pthsd lnctk_q,hmu‘qh‘ms) ats hsr sq_mrenql_shnm oqnodqshdr _kknv oqnuhmf u_qhntr e_bsr
_ants sgd rodbsqtl >405)420)421[-

Enq dw_lokd) hs b_m ad trdc sn rgnvm _ enql ne rodbsq‘k finv) _m _tsnlnqoghrl nm rs_sdr
kd_uhmf sgd rodbsqtl hmu_qh_ms- Hm sghr b_rd) sgd rodbsqtl ne sgd hmsdqm_k BES rs_sdr vhsg
bg_qfdr �PK)PQ( hr hmu_qh_ms tmcdq bg_qfd rghesr P → P ) m _bbnqchmf sn

ghms → ghms )
0
1

�PK ) mK(
1 �

0
1

P1
K )

ghms → ghms )
0
1

�PQ ) mQ(
1 �

0
1

P1
Q -

’4-65(

Sgdqdenqd) rs_qshmf eqnl sgd tmhudqr_k fq_uhsnm vd fds _ snvdq ne bg_qfdc rs_sdr vhsg vdhfgsr
rb_khmf _r bg_qfdr rpt_qdc- Sgd fq_uhsnm g_r ydqn bg_qfdr) vghbg ld_mr sg_s sgd rodbsq_kkx
finvdc rs_sdr g_ud

ghms + gfq_uhsnm )
0
1

P1
K ) ghms + gfq_uhsnm )

0
1

P1
Q - ’4-66(

Gdqd sgd bnmenql_k vdhfgsr gfq_uhsnm)gfq_uhsnm odqs_hm sn sgd hmsdqm‘k BES bnmsqhatshnm) _mc sgtr
u_mhrg enq sgd fq_uhsnm- Sgd bnlahmdc bnmenql_k vdhfgsr ne sgdrd bg_qfdc rs_sdr mddc mns
ad dpt_k) adb_trd kdudk l_sbghmf _ookhdr sn sgd sns‘k bnmenql_k vdhfgs) mns itrs sgd hmsdqm_k
bnmsqhatshnm- Rshkk) ghms � ghms ∈  ax lnctk_q hmu_qh_mbd) vghbg ld_mr sg_s _mx cheedqdmbd hm
sns_k bnmenql_k vdhfgs b_m ad r_stq_sdc ax hmbktchmf _ rths_akd mtladq ne rsqhmf dwbhs_shnmr-
Mnshbd sg_s sghr hr nmkx onrrhakd hm c / 1 vgdqd rnld ogxrhb_k lncdr ne sghr sxod rtquhud sgd
f_tfd “whmf ˇ hs bgdbjr nts rhmbd fq_uhsnmr nmkx dwhrs hm c / 2� @r vhrdkx ots ax Snmf) sghr
khsskd fq_uhsnm hr rdqhntrkx ghfg,l_hmsdm_mbd) ats hs hr vnqsg sgd deenqs enq _kk sgd lhkd_fd vd
_qd _akd sn rptddyd nts ne hs- @kk hm _kk) hmbktchmf sgd bnmsqhatshnm ne sgd ’rtodq(fgnrsr sn sgd
rsqtbstqd ne sgd udqsdw nodq_snqr chrbtrrdc hm rdbshnm 4-1-2) eqnl ’4-88( vd “mc rs_sdr vhsg
bg_qfdr �PK)PQ( _mc l_rr

�′

3
l1 ≤

0
1

l_w{P1
K)P

1
Q{- ’4-67(
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Vg_s cn vd kd_qm eqnl sgd antmc hm ’4-67(; Hs jhmc_ knnjr khjd sgd rdke,fq_uhs_shnm_k enqbd
ne sgdrd rs_sdr hr antmcdc ax sgdhq rdke,qdotkrhud dkdbsqnrs_shb enqbd- Sn _bst_kkx rdd sg_s sghr
hr sgd b_rd s_jdr _ ahs lnqd vnqj) hm nqcdq sn dwsq_bs sgd _bst_k rdke,enqbd eqnl rsqhmf _l,
okhstcdr >405[- Sghr hcd_ rntmcr khjd fq_uhsx ltrs ad sgd vd_jdrs enqbd) vghbg hr rtqdkx mns
rnldsghmf fdmdqhb eqnl sgd DES uhdvonhms- Vgx hr sghr ogxrhb_kkx qdkdu_ms enq PF; Sgd qd_rnm
hr sg_s sgd dwhrsdmbd ne rtbg rs_sdr hr hmrsqtldms_k hm _kknvhmf pt_rh,dwsqdl_k bg_qfdc AGr sn
cdb_x vhsgnts fdsshmf zbnmrsho_sdc• >422[- Kdrr oqnr_hb_kkx) he _ gtfd AG ne bg_qfd P ≫ 0
_mc l_rr L ≥ κP LOk ≫ LOk qdrodbshmf sgd dwsqdl_khsx antmc κ + N�0( rs_qsr q_ch_shmf
o_qshbkdr ne l_rr l _mc bg_qfd p) he _kk rs_sdr hm sgd rodbsqtl _qd rte“bhdmskx l_rrhud qdk_shud
sn sgdhq bg_qfd sgd AG vntkc dmc to uhnk_shmf sgd dwsqdl_khsx antmc ’sgtr oqnctbhmf m_jdc
rhmftk_qhshdr( nq mns adhmf _akd sn cdb_x _s _kk >422[ kd_uhmf sgdqlncxm_lhb_kkx oqnakdl_shb
qdlm_msr >423[- @r dwok_hmdc hm >2.1[) sgd oqnakdlr vhsg bg‘qfdc qdlm_msr _qd kdrr rdudqd
vhsg qdrodbs sn sgd b_rd ne fkna_k rxlldsqhdr chrbtrrdc hm sgd oqdbdchmf rdbshnm-

Rshkk) sghr zvd_j fq_uhsx• oqnodqsx gnkcr enq ’rtodq(rsqhmfr) _s kd_rs hm sgd fthrd ne ’4-67(-
@ksgntfg mns _oo_qdms ax rhlokx rs_qhmf _s ’4-67() sgd dwhrsdmbd ne rtbg rs_sdr hr dpthu_kdms
sn rnkuhmf sgd _anud hrrtd vhsg AG ogxrhbr >405) 421[- Hm sgd aqn_cdq bnmsdws ne PF) sghr
rg_qodq _u_s_q ne sgd mnshnm sg_s fq_uhsx ad sgd zvd_jdrs enqbd• hr jmnvm _r sgd vd‘j fq‘uhsx
bnmidbstqd >422)424[- Hmbktchmf sgd rtaskdshdr qdk_sdc sn rdke,enqbdr _mc dwsqdl_khsx antmc) _m
dwokhbhs oqnne v_r oqdrdmsdc >405[ enq anrnmhb rsqhmfr hm c / 4) _mc hr adhmf vqhssdm cnvm
enq ’_s kd_rs sgd MR,MR rdbsnq ne( rtodqrsqhmfr- Xnt l_x _krn qdb_kk sg_s) hm ntq tmhudqrd) sgd
dkdbsqnm r_shr“dr sgd antmc vhsg qnnl sn ro_qd- Eqnl _ otqdkx DES rs_mconhms) hs chcm%s rddl
sn g‘ud sn nm bnmrhrsdmbx fqntmcr ˇ sgd g_kkl_qj ne _ rv_lok_mc bnmchshnm-

Sgdqd Wqd mn vdWjkx hmsdqWbshmf cR uWbtW

Sghr nmd knnjr hmshlhc_shmf) ats hs hr fnhmf sn ad udqx rgnqs) rhmbd hs hmunkudr rdudq_k BES
sdbgmhb_khshdr sg_s vd g_ud mn shld sn hmsqnctbd- Sgd l_hm rs_sdldms) oqdrdmsdc hm >425[) hr
sg_s bknrdc rtodqrsqhmfr g_ud mn cR u_bt_ _s sqdd kdudk hm rsqhmf odqstqa_shnm sgdnqx) _s kd_rs
vhsgnts Q,Q a_bjfqntmcr- Sq_mrk_shmf sghr hmsn _ rg_qo rs_sdldms _ants sgd vnqkcrgdds BES
g_r sn cn vhsg gnv ’Vhbj,qns_sdc( cR hrnldsqhdr _qd hlokdldmsdc nm sgd vnqkcrgdds) _mc
gnv sgdx ok_x vhsg tmhs_qhsx- Sgd oqnne hmunkudr _ bkdudq trd ne sgd oqnodqshdr ne J‘b,Lnncx
‘kfdaq‘r _mc Vdrr,Ytlhmn,Vhssdm lncdkr) vghbg vd bnmudmhdmskx _unhcdc s_kjhmf _ants sgtr
e_q- Sgd qdl_qj_akd _rodbs ne sghr qdrtks hr sg_s hs hr dw_bs hm �′) ld_mhmf sg_s hs gnkcr mn l_ssdq
vg_s sgd btqu_stqd hr ’_r knmf _r hs cndr mns rb_kd vhsg sgd rsqhmf bntokhmf fr) vghbg cndr mns
rgnv to hm sghr sqdd,kdudk _m_kxrhr(- Sgd khlhs_shnmr ne mns g_mckhmf Q,Q a_bjfqntmcr b_m ad
bhqbtludmsdc ax nsgdq mn,fn sgdnqdlr _f_hmrs sgd dwhrsdmbd ne cR u_bt_ >426) 427[) vghbg
gnvdudq _qd bnlokdldms_qhkx khlhsdc sn sgd kd_chmf,nqcdq DES-

@ksgntfg hs fndr v_x adxnmc sgd rbnod ne sghr rdbshnm) sgd rstcx ne cR bnmrsqtbshnmr hm
RS) hmunkuhmf _ u_rs _qq_x ne ’mnm,(odqstqa_shud hmfqdchdmsr) hr nmd ne sgd lnrs _bshud “dkcr
hm rsqhmf ogdmnldmnknfx- Hs hr rtaidbs ne gd_sdc cda_sd) vhsg _qftldmsr >428[) bntmsdq,
_qftldmsr >43.)430[ _mc qduhdvr >431[- Qdf_qckdrr ne hsr ntsbnld) hs g_r kdc sn l_mx sntq,
cd,enqbd dmcd_unqr >432[ _mc sgd cdudknoldms ne onvdqetk mdv bnlots_shnm_k l_bghmdqx-
Sgd vgnkd sghmf _ants cR hr sg_s hs jhmc_ knnjr khjd _ fnnc lncdk enq k_sd,shld ’_mc hmfi_,
shnm_qx( bnrlnknfx) ats g_r rdudq_k sgdnqdshb_k hrrtdr >285)332fl338[ _r vd aqhdfix ldmshnmdc
hm _ knmf,vhmcdc ennsmnsd _ants u_bt_ hm rdbshnm 4-0-2- Ntsrhcd ne sgd odqstqa_shud ’nq) lnqd
fdmdq_kkx) o_q_ldsqhb_kkx bnmsqnkkdc( bnqmdq ne sgd rsqhmf k_mcrb_od) lds_rs_akd cR u_bt_ bntkc
dwhrs: sgd qd_k sgdnqdshb_k hrrtdr cd_k vhsg vntkc,ad dsdqm_k cR- Vgdsgdq vd vhkk mddc sghr enq
ntq bnrlnknfx hm sgd knmf qtm qdl_hmr sn ad rddm: odqg_or sgd qdbdms rodbsqnrbnohb ld_rtqd,
ldmsr ne CDRH vhkk rgdc rnld khfgs nm sghr hrrtd- Vg_s vd _qd r_xhmf gdqd hr sg_s) _s vd_j
bntokhmf) mns dudm lds_rs_akd cR u_bt_ _qhrd-
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Fdnldsqx dldqfdr eqnl bnmenqlWk “dkc sgdnqx

Ehm_kkx) kds ld oqdrdms _ rgnqs rtll_qx ne rnld qdbdms vnqj H bnmsqhatsdc sn hm >26.[- Nm
sgd nmd g_mc) rn e_q H sqhdc dlog_rhyhmf sg_s dwsq_ chldmrhnmr) _r e_q _r vd tmcdqrs_mc sgd
sgdnqx) _qd mns _ tmhudqr_k oqnodqsx ne sgd rsqhmf k_mcrb_od- Dudm _s sgd kdudk ne sgd vnqkcrgdds
enql_khrl) _arsq_bs BES dwsdmcr _mc fdmdq_khydr Qhdl_mmh_m fdnldsqx bnmrhrsdmskx vhsg sgd
dwodbs_shnmr ne _m dldqfdms ro_bdshld hm PF >285[- Nm sgd nsgdq g_mc) bnlo_bsh“b_shnmr
bnloqhrd sgd l_inqhsx ne bnmrsqtbshnmr vd tmcdqrs_mc- Vg_s fhudr; Ne bntqrd) hs bntkc itrs
ad sg_s vd cn mns qd_kkx jmnv _ kns _ants sgd k_mcrb_od- Ats sgdqd _qd hmchb_shnmr) ansg
eqnl sgd sno cnvm >433[ _mc sgd anssnl to >255) 258[ sg_s vg_sdudq _cchshnm_k cdfqddr
ne eqddcnl _qd oqdrdms enq c < 0. qd_qq_mfd hmsn dwsq_ chldmrhnmr hm bdqs‘hm khlhsr- Hm sgd
k_mft_fd ne sgd vnqkcrgdds BES) khlhsr hm sgd ro_bd ne BESr hm vghbg sgd rodbsq_k f_o ne sgd
hmsdqm_k rdbsnq u_mhrgdr- Hm ok_hm Dmfkhrg) eqnl ’4-88( sghr ld_mr sg_s sgd rb_kd lf_o ≪ LOk _s
vghbg sgd mdv ogxrhbr deedbsr bnlhmf eqnl sgd hmsdqm‘k rdbsnq adbnldr rl_kk hm Ok_mbj tmhsr:
hs cqhudr sgd TU btsnee ΛTU ≪ LOk ’ansg ne sgd fq_uhs_shnm_k _mc mnm,fq_uhs_shnm_k rdbsnqr(
sn ydqn hm Ok_mbj tmhsr- Hm e_bs) hs hr dmntfg sn _rrtld sgd k_ssdq bnmchshnm nm sgd hmsdqm_k
cdfqddr ne eqddcnl >26.[- @rrtlhmf vd%qd rshkk s_kjhmf _ants vd_jkx bntokdc rsqhmfr) sgd
qdk_shnmrgho adsvddm lf_o _mc sgd fq_uhs_shnm_k TU btsnee ΛTU b_m ad dwsq_bsdc eqnl sgd r_ld
Qhdl3 Vhkrnm bnde“bhdms � vd chrbtrrdc hm rdbshnm 4-2-1- Sgd bnqqdronmchmf btsnee rb_kd hr
ΛTU ∝ LOk�

� 0
5 ) nq _s kd_rs _ oqnwx sgdqdne ˇ a_qqhmf lhq_btkntr “md stmhmfr >434[) sgdx

rgntkc ad o_q_ldsqhb_kkx hcdmshb_k >435[- Hm >26.[ vd vdqd _akd sn dwoknhs lnctk_q hmu_qh_mbd
sn “mc sgd tmhudqr_k rb_khmf

�
lf_o≪LOk∼



LOk

Lr

7�c lf_o

Lr

�b́

) ’4-68(

vgdqd b́ hr sgd zqdctbdc• >436) 437[ bdmsq_k bg_qfd ne sgd ohdbd ne sgd hmsdqm_k BES vghbg
tmcdqfndr sgd khlhs- ’Sgdqd bntkc ad _mnsgdq tm_eedbsdc rdbsnq vhsg rsqhmf,rhydc f_o(- @r _
qdrtks) b_qdetkkx s_jhmf hmsn _bbntms gnv sgd Ok_mbj rb_kd _mc rsqhmf rb_kd qdk_sd sn d_bg nsgdq)
m_ldkx Lc)b́�1

r + Lc�1
Ok lb́

f_o) vgdm sgd ctrs rdsskdr

ΛTU
lf_o≪LOk∼ LOk

lf_o

LOk


b́

c)b́�1

) ’4-7.(

vghbg hr oqdbhrdkx sgd rb_khmf _qhrhmf eqnl _ fdnldsqhb bnlo_bsh“b_shnm hm sgd k_qfd,unktld
khlhs >255fl26.[- Vg_s%r lnqd) sghr f_o hr _bbnlo_mhdc ax _ khfgs snvdq ne rs_sdr vgdmdudq
ΛTU ≪ LOk >26.)330[ ’_mc sgtr fq_uhsnmr _qd vd_jkx bntokdc() vghbg _krn hlokhdr lf_o ≪ LOk
he vd g_c mns rs_qsdc sgdqd) ctd sn ’4-1( _mc ’4-2(- Sgd _rxlosnshb snvdq ne rs_sdr knnjr khjd _
J_kty_,Jkdhm snvdq _mc sgd khlhshmf vnqkcrgdds BES stqmr nts sn bnms_hm _m MKσL nmb́ >330[)
rhfmhexhmf sgd dldqfdmbd ne dwsq_ chldmrhnmr� Sghr ld_mr sg_s) _ksgntfg hm fdmdq‘k RS cndr mns
oqdchbs sgd mtladq ne chldmrhnmr) vgdmdudq sgd mdv ogxrhbr odqs‘hmhmf sn sgd hmsdqm‘k cdfqddr
ne eqddcnl g‘r ‘ rl‘kk TU btsnee sgdx qd_qq_mfd hmsn dwsq_ chldmrhnmr-

Kdlld rtll_qhyd vhsg _ mhbd anw vg_s vd kd_qmdc sn bnmbktcd sghr rdbshnm9

Rnld fdmdq‘k oqnodqshdr ne sgd rsqhmf k‘mcrb‘od9

¶ Sgdqd ‘qd mn fkna‘k rxlldsqhdr- Itrs f‘tfd qdctmc‘mbhdr-

¶ Fq‘uhsx hr sgd vd‘jdrs enqbd- ?adkh‘m bg‘qfdr aqhmf ‘knmf khfgs rs‘sdr-

¶ Sgdqd ‘qd mn vd‘jkx hmsdq‘bshmf cR u‘bt‘-

¶ Khlhsr ne sgd hmsdqm‘k vnqkcrgdds BES zpt‘bj khjd fdnldsqx†-
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4-3 Rsqhmfr Ws ghfg dmdqfhdr

Hm sghr “m_k o_qs ne sgd rdbshnm) vd lnud nm sn rstcx rnld _rodbsr ne sgd ghfg,dmdqfx ogxrhbr
ne RS- @r vd ntskhmdc v_x a_bj) hs hr sgd m_stq_k qdfhld ne rsqhmfx ogxrhbr) vgdqd sgd ldrrx
cds_hkr ne HQ ogxrhbr _qd v_rgdc nts _mc sgd rnes TU adg_uhnq jhbjr hm- @ qdbtqqhmf sgdld hm sghr
rdbshnm hr sg_s sgd R,l_sqhw hr sgd nmkx vdkk,cd“mdc nardqu_akd hm ’_rxlosnshb_kkx fi_s rdbsnqr
ne( PF- Rsqhmf odqstqa_shnm sgdnqx enqbdr tr sn qd_khyd sghr ctd sn Vdxk hmu_qh_mbd) ok_bhmf
udqsdw nodq_snqr dwbktrhudkx _r dwsdqm_k rs_sdr hm sgd o_sg hmsdfq_k- @ksdqm_shudkx) lnuhmf bknrdq
sn sgd rs_mc_qc cd“mhshnm ne rb_ssdqhmf _lokhstcd) nmd b_m qdb_rs sgd cdrbqhoshnm hm sdqlr
ne udqsdw nodq_snqr hm sgd k_mft_fd ne rs_sdr _mc hmmdq oqnctbsr) _r ad“sr sgd rs_sd,nodq_snq
bnqqdronmcdmbd- Lnqd cds_hkr b_m ad entmc hm Bg_osdq 5 ne Onkbghmrjh%r annj >248[-

He xnt _qd mns bnmuhmbdc ax sgd mdbdrrhsx ne sgd R,l_sqhw _s sghr onhms) xnt b_m sqx sn
onjd sgd lds_ognqhb_k ad_q- Vg_s g_oodmr hr sg_s hs vhkk rgnv xnt hsr bk_vr9 he vd sqhdc
cd“mhmf rnld rnqs ne knb_k oqnad ne sgd vnqkcrgdds ne sgd enql δ�c(�W �σ(� w() nq _ ah,knb_k
vnqkcrgdds hmsdq_bshnm ne sgd enql δ�c(�W �σ(( � W �σ′(() Vdxk hmu_qh_mbd vntkc ad knrs9 _
Entqhdq qdoqdrdms_shnm ne sgdrd dwoqdrrhnmr rgnv sg_s hs hmbktcdr _kk lnldms_ hm sgdhq vntkc,
ad udqsdw nodq_snq) uhnk_shmf Vdxk hmu_qh_mbd- Nmbd lnqd) sghr hr odqedbskx hm khmd vhsg vg_s
vd vntkc dwodbs eqnl _ sgdnqx ne fq_uhsx- Rod_jhmf ne vghbg) _mnsgdq qdbtqqhmf sgdld hr sg_s
fq_uhsx hr TU�HQ,lhwdc: hm sgd oqdbdchmf rdbshnm vd r_v rnld bnmrdptdmbdr ne sghr) ats vd
vhkk oqdrdms rnld nsgdq _rodbsr qdk_sdc sn AGr- Pthsd ondshb_kkx) ntq intqmdx vhkk dmc vgdqd hs
“qrs adf_m-

4-3-0 Sgd rsqhmf R,lWsqhw

@knmf sgd v_x) vd bnkkdbsdc _kk sgd qdpthqdc hmfqdchdmsr sn bnmrsqtbs sgd rsqhmf R,l_sqhw9 f_tfd
“whmf) fgnrsr) ydqn,lncdr) Qhdl_mm rtqe_bdr _mc sgdhq lnctkh ro_bdr) _kk ne vghbg g_r _
vnqkcrgdds,rtodqrxlldsqhb bntmsdqo_qs enq rtodqrsqhmfr- Vd kd_qmdc sg_s dwsdqm_k rs_sdr) _mc
nmkx dwsdqm_k rs_sdr) _qd dmbncdc hm udqsdw nodq_snqr hmrdqsdc nm sgd vnqkcrgdds- Ehm_kkx) sgd
oqde_bsnq enq sgd bnqqdbs R,l_sqhw dkdldms hr “wdc ax tmhs_qhsx) _r dwok_hmdc d-f- hm Onkbghmrjh%r
annj >248) 25.[ ˇ vd vhkk mns b_qd _ants hs) ats hs hr “wdc- @krn) hm nqcdq mns sn dwbdrrhudkx
nudqkn_c rnld _kqd_cx oqdssx gd_ux mns_shnm) hm sgd dmrthmf oqdrdms_shnm vd vhkk mns dwokhbhskx
ldmshnm rtodqfgnrsr) ncc lnctkh _mc rn nm) _ksgntfg sgdx _qd hlokhbhskx sgdqd- Sgd dw_lokdr
hm rdbshnm 4-3-1 _qd mns rdmrhshud sn sgd cheedqdmbd _mxv_x-

Sgd o_sg,hmsdfq_k dwoqdrrhnm enq sgd odqstqa_shud rb_ssdqhmf _lokhstcd hmunkuhmf m cd“mhsd,
lnldmstl rs_sdr vhsg onk_qhy_shnmr {λh{ _mc lnldms_ {oh{ sgdm s_jdr _ enql khjd ’4-13(- Enq
mns_shnm_k bnmudmhdmbd vd rtooqdrr sgd rtl nudq rohm rsqtbstqdr) ats vd qdmcdq dwokhbhs sg_s
sgd udqsdw nodq_snqr _cc otmbstqdr sn sgd vnqkcrgdds- Hsr lnctkh ro_bd qdfidbsr sghr)

Lf)m ≡
�ldsqhbr nm Σf(·Σm

f

Chee·Vdxk
) ’4-70(

rhmbd vd b_m hmrdqs udqsdw nodq_snqr vgdqdudq nm sgd vnqkcrgdds Σ- Hmcddc) hs hr dpthu_kdms
sn qdok_bd fgnrs hmrdqshnmr ax _m hmsdfq_k nudq sgd vnqkcrgdds onrhshnmr) _r hm ’4-20(- Hm sgd
ptnshdms) sgd l_oohmf bk_rr fqnto ne ’4-12( rgnvr to) _knmf rl_kk cheednlnqoghrlr _mc Vdxk
qdrb_khmfr) _bbnqchmf sn sgd rbgdl_shb qd_qq_mfdldms Chee·Vdxk ≃ LBF·Chee. ·Vdxk- Sgd
hlonqs_ms rtafqnto

BJF ⊂ Chee. ·Vdxk ) ’4-71(

sgd bnmenql_k Jhkkhmf fqnto ’BJF( fdmdq_sdc ax BJUr ’_r hm rdbshnm 4-0-3() oqdrdqudr sgd
ldsqhb) hm sgd rdmrd sg_s sgd udbsnq “dkcr fdmdq_sd cheednlnqoghrlr vghbg _qd tmcnmd ax _
Vdxk qdrb_khmf- Rhmbd sgdx _qd ydqn,lncdr b. ne sgd jhmdshb nodq_snq _bshmf nm b fgnrsr) sgd
bnqqdronmchmf o_sg hmsdfq_k nudq b. b_mmns ad sqd_sdc vhsg _ etmbshnm_k cdsdqlhm_ms: hmrsd_c)
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nmd b_m trd sghr f_tfd eqddcnl sn “w rnld hmrdqshnmr sn fhudm onrhshnmr nm sgd vnqkcrgdds- Gnv
l_mx b_m vd “w; Vdkk) hs stqmr nts sg_s sgd Qhdl_mm,Qnbg sgdnqdl ’nq) hm ogxrhbr i_qfnm) sgd
hmsdfq_sdc _mnl_kx ne sgd fgnrs mtladq( chbs_sdr sg_s

"lnctkh� "BJUr + �2χ�Σf( + 5f � 5 - ’4-72(

Etqsgdqlnqd) _m zdmdqfx etmbshnm_k• _qftldms ’fhudm d-f- hm Onkbghmrjh%r annj >248) 25.[(
rgnvr sg_s sgdqd _qd mn lnctkh enq χ�Σf( / . _mc sgdqd _qd mn BJUr enq χ�Σf( < .- Rn he vd
g_ud k_qfd dmntfg m vd b_m “w _kk sgd f_tfd eqddcnl oqnuhcdc ax BJUr- Vd b_m dhsgdq bgnnrd
bnmudmhdms mtldqhb_k u_ktdr ne sgd bnnqchm_sdr) nq trd o_q_ldsdqr vghbg chr_ood_q eqnl sgd
_lokhstcd nmbd sgd E_ccddu,Ononu e_bsnq hr hmbktcdc- Nsgdqvhrd) hs hr nesdm r_hc sg_s qdrtks
vntkc u_mhrg: rdd) gnvdudq) >438[ enq _m _ksdqm_shud _ooqn_bg enq sgd b_rd m + 1- Vhsg sghr
oqnuhrn) kdsshmf Tλ�o( bnkkdbshudkx cdmnsd ansg hmsdfq_sdc _mc f_tfd,“wdc udqsdw nodq_snqr)
sgd odqstqa_shud dwoqdrrhnm enq sgd R,l_sqhw _lokhstcd qd_cr

Rλh ---λm
�o0) - - - ) om(

fr≪0
∼



fdmtr f

f1f�1
r



Lf)m�s(
cµ�s( }

m


h+0

Tλh
�oh(〉Σf �s( ) ’4-73(

vgdqd sgd ’f_tfd,“wdc( o_sg hmsdfq_k nudq sgd vnqkcrgdds “dkcr nm Σf�s( hr dwoqdrrdc ax
sgd ’bnmmdbsdc( bnqqdk_snq- @r oqdlhrdc _s sgd adfhmmhmf ne sghr chrbtrrhnm) hm sgd b_rd ne
rtodqrsqhmfr _cchshnm_k rtodqfgnrs bnmsqhatshnmr) _mc qdk_sdc ncc lnctkh ne rtodq,Qhdl_mm
rtqe_bdr) mddc sn ad s_jdm hmsn _bbntms-

4-3-1 DwWlokhstcdr ´ UdmdyhWmn Wmc UhqWrnqn,RgWohqn

@r _m dw_lokd ne bknrdc,rsqhmf rb_ssdqhmf) sgd nauhntr rs_qshmf onhms hr sgd rhlokdrs mnm,sqhuh_k
sqdd,kdudk _lokhstcd) m_ldkx sg_s ne svn o_qshbkdr rb_ssdqhmf hmsn svn o_qshbkdr- Sghr hr cd,
rbqhadc ax _ vnqkcrgdds Σ ≃ R1 vhsg sgd snonknfx ne _ rogdqd vhsg entq otmbstqdr qdoqdrdmshmf
sgd hmrdqshnmr _r cdohbsdc hm “f- 4-7- Rhmbd χ�R1( + 1) sgdqd _qd mn lnctkh007 _mc vd b_m “w rhw
qd_k bnnqchm_sdr ne udqsdw nodq_snqr) m_ldkx sgqdd nts ne sgd entq onrhshnmr- Sgd oqnodq mnq,
l_khy_shnm ctd sn tmhs_qhsx hmunkudr _ e_bsnq fm

r ) rn sg_s sgd sns_k oqde_bsnq hr oqnonqshnm_k sn f1
r

enq m + 3- Sghr hr oqdbhrdkx hm khmd vhsg vg_s vd dwodbs eqnl ’4-51( _mc ’4-52() rhmbd f1
r ∝ FM -

@esdq f_tfd “whmf sn _ fi_s vnqkcrgdds) sgd qdrtkshmf bnqqdk_snq hm ’4-73( hr cn_akd) rhmbd sgd
svn,chldmrhnm_k sgdnqx hr mnm,hmsdq_bshmf� Sghr hr _m dbgn ne “f- 4-2) hm vghbg hmsdq_bshnmr
_qd bnlokdsdkx cdsdqlhmdc ax vnqkcrgdds snonknfx-

Rhmbd F_trrh_m hmsdfq_kr _qd lnrskx rsq_hfgsenqv_qc) H%kk sdkk xnt _ants _ rtaskdsx vghbg
fhudr lnrs ne sgd qdrtks) _mc sgdm lnchex hs _bbnqchmfkx _s sgd dmc hm nqcdq sn _unhc sgd _m,
mnxhmf bnlahm_snqhbr ne Vhbj,khjd bnmsq_bshnmr- Itrs _r _ sd_rdq ne gnv sgd bnqqdbs enql ne sgd
R,l_sqhw dkdldmsr rgnvr to) kds tr bnmrhcdq nmkx sgd ohdbdr ne udqsdw nodq_snqr dmbnchmf sgd
ro_bdshld lnldmstl ne sgd rs_sdr) dho·W - Sgd eqdd bnqqdk_snq mddcr rdo_q_shmf sgd ydqn,lncdr
W. eqnl W ) rhmbd sgd jhmdshb sdql ne sgd _bshnm u_mhrgdr vgdm du_kt_sdc nm sgd ydqn,lncdr-
Sgdm) sgd eqdd bnqqdk_snq b_m ad du_kt_sdc hmsqnctbhmf _ rntqbd I�y( +



j oj δ
�1(�y � yj(

007Xnt l_x sghmj sg_s sgd q_chtr hr _ lnctktr) ats hs hrm%s adb_trd hs bg_mfdr sgd btqu_stqd- Hmcddc) _ b_qdetk
dwsdmrhnm ne sgd cdqhu_shnm hm rdbshnm 4-0-3 sn sgd vnqkcrgdds rgnvr sg_s Vdxk hmu_qh_mbd qdlnudr sgd sq_bd o_qs
ne ldsqhb cdenql_shnmr) m_ldkx sgd nudq_kk unktld- Bnqqdronmchmfkx) sgd a fgnrs hr _ rxlldsqhb sq_bdkdrr sdmrnq-
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Ehftqd 4-79 Vdxk hmu_qh_mbd _kknvr sqd_shmf _ entq,onhms rb_ssdqhmf oqnbdrr hm sdqlr ne
_ vnqkcrgdds vhsg sgd snonknfx ne _ rogdqd) vgdqd sgd entq dwsdqm_k stadr dwsdmcdc
sn hm“mhsx _qd qdok_bdc ax udqsdw nodq_snqr hmrdqsdc _s otmbstqdr ctd sn sgd rs_sd,
nodq_snq bnqqdronmcdmbd- Sgdm) sgd knb_k hmrdqshnmr b_m ad qdok_bdc ax hmsdfq_sdc
udqsdw nodq_snqr _r hm ’4-20( >357[-

_bbnqchmf sn

}
m



j+0

dhoj ·W �σj(〉 + }dh
m

j+0 oj ·W.〉ydqn,lncdr }dh


c1y I ·W 〉mn ydqn,lncdr

+



ccW. dh
m

j+0 oj ·W. }dh


c1y I ·W 〉mn ydqn,lncdr

+ �1π(c δ�c(

 m


j+0

oj



}dh


c1y I ·W 〉mn ydqn,lncdr -

’4-74(

Sgd mnm,dwonmdmsh_k sdqlr hm udqsdw nodq_snqr) rtbg _r ∂ W ) b_m _krn ad _ccqdrrdc vhsg sgd
r_ld sdbgmhptd) _r cds_hkdc d-f- hm Onkbghmrjh%r annj >248) 25.[- @r enq sgd qdl_hmhmf bnqqd,
k_snq) sgdqd hr _ oqde_bsnq fhudm ax sgd K_ok_bh_m cdsdqlhm_ms) _r trt_k hm F_trrh_m hmsdfq_kr-
Bnlokdshmf sgd rpt_qd hm sgd dwonmdms) nmd hr kdes vhsg _ rntqbdkdrr F_trrh_m hmsdfq_k ’d_rhkx
cnmd( shldr _ rntqbd,cdodmcdms e_bsnq

dwo



π�′

1



c1y I · �F > I(



+ dwo



�′

3

m


h) i+0

oh · oi km


yh � yi





1



+


h< i



yh � yi





�′oh ·oi )

’4-75(

vhsg F�y) y( ≡ 0
1π km |y|1 sgd rb_k_q oqno_f_snq bnmunkudc vhsg I - Sghr hr sgd rn,b_kkdc Jna‘,

Mhdkrdm e‘bsnq-008 Vnqjhmf nts sgd bnmsqhatshnmr ne mnm,dwonmdmsh_k sdqlr rtbg _r ∂ W ) sgdx dmc
to rgheshmf sgd dwonmdmsr- Adb_trd ne sgdhq sdmrnqh_k rsqtbstqd) sgdx _krn aqhmf _knmf jhmdl_shb
e_bsnqr khjd sgd nmd hm ’4-7() dmbnchmf dwsdqm_k onk_qhy_shnmr- Kds tr bnmrhcdq sgd entq,fq_uhsnm

008Sghr dwoqdrrhnm rgnvr to dudqxvgdqd hm RS) _mc _r vd rg_kk rdd rgnqskx hs cqhudr hsr ghfg,dmdqfx adg_uhnq- Hm
ghmcrhfgs) hs hr odqg_or mns sdqqhakx rtqoqhrhmf sg_s hs _ood_qr hm lncdqm _ooqn_bgdr sn PES _lokhstcdr _r vdkk)
sgqntfg sqnohb‘khy‘shnm- Rdd d-f- >35.[ enq _ qdbdms _ookhb_shnm ne sghr hcd_) snfdsgdq vhsg nsgdqr hmrohqdc eqnl
rsqhmf rb_ssdqhmf-
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_lokhstcd) vghbg s_jdr sgd tmhudqr_k enql hm ’4-7( enq anrnmhb) QMR _mc gdsdqnshb rsqhmfr to
sn qdok_bhmf sgd jhmdl_shb e_bsnq- Gdmbd) vd b_m enbtr nm sgd ltbg rhlokdq anrnmhb udqsdw
nodq_snqr-01. Hm sghr b_rd) hs hr d_rx sn ftdrr sg_s sgd dwonmdmsr fds rghesdc ax �1 qdk_shud sn
sgd Jna_,Mhdkrdm e_bsnq hm ’4-75() rhmbd d_bg e_bsnq ∂ W∂ W bnmsqhatsdr sn sgd o_sg hmsdfq_k ax
cdqhu_shudr ∂ F ∂ F + |y|�1- Sgd _bst_k bnlots_shnm hr lnqd bnlokhb_sdc sg_m sg_s) rhmbd d-f-
onk_qhy_shnmr _krn bnld hmsn ok_x) ats sghr chqsx sqhbj fdsr tr sn sgd qhfgs _mrvdq-

Enq m + 3) f_tfd,“whmf sgqdd nts ne entq onrhshnmr) r_x sn y0)1)2 + .)0)∞ nm sgd rs_mc_qc
bnlokdw bg_qs nm sgd rogdqd uhdvdc _r sgd bnlokdw oqnidbshud khmd O0 ’nq Qhdl_mm rogdqd()
sgd e_bsnqr vghbg cn mns cdodmc nm y3 ≡ y b_mbdk ctd sn sgd fgnrs etmbshnm_k hmsdfq_k) _m _u_s_q
ne Vdxk hmu_qh_mbd- Nmkx onvdqr ne |y| _mc |0� y| qdl_hm) _kknvhmf _m dwokhbhs du_kt_shnm ne sgd
hmsdfq_k- Enq fq_uhsnmr) sgd rghesdc dwonmdmsr qd_qq_mfd hmsn sgd L_mcdkrs_l bnlahm_shnmr010

|y|�
′o0·o3�1 |0� y|�

′o1·o3�1 + |y|�
�′t
1 �1 |0� y|�

�′ s
1 �1 - ’4-76(

Trhmf sgd hmsdfq_k011




c1y |y|1‘�1 |0� y|1a�1 + 1π

� �‘(� �a(� �0� ‘� a(
� �0� ‘(� �0� a(� �‘ ) a(

) ’4-77(

sgd qdctbdc _lokhstcd s_jdr oqdbhrdkx sgd enql ne ’4-54( ’tonm s_jhmf sgd jhmdl_shb e_bsnq hmsn
_bbntms(- Sgd rhlokdq b_rd ne s_bgxnmhb entq,onhms rb_ssdqhmf) xhdkchmf sgd Uhq‘rnqn,Rg‘ohqn
‘lokhstcd) g_r sgd r_ld z � � �

� � � • rbgdl_shb rsqtbstqd vhsg rkhfgskx cheedqdms _qftldmsr- @r rtbg)
’4-54( hr _krn b_kkdc vhsg sgd r_ld m_ld hm rnld ne sgd khsdq_stqd >073)311[-

Sgdqd hr _ rhlhk_q rsnqx ’_mc mnldmbk_stqd pthqjr( enq sgd dudm rhlokdq _lokhstcd enq nodm
rsqhmfr) fhuhmf qhrd sn f_tfd anrnmr hmrsd_c ne fq_uhsnmr- Sgd qdrtkshmf ’bnknq,nqcdqdc( Udmd,
yh‘mn ‘lokhstcd) rsqhoodc ne bnknq _mc jhmdl_shb oqde_bsnqr) qd_cr

�nodm
sqdd ∝

� �� �′r
3 (� �� �′ s

3 (

� �0� �′�r)s(
3 (

- ’4-78(

Sghr _lokhstcd _mc hsr bntrhmr _qd _bst_kkx sgd oqdbtqrnqr ne RS _r vd jmnv hs- Sgdx vdqd entmc
ax _ssdloshmf sn annsrsq_o g_cqnm rb_ssdqhmf adenqd sgd _cudms ne PBC- Hs hr sgtr o_qshbtk_qkx
_ltrhmf sn mnsd sg_s) _ksgntfg tmhs_qhsx v_r hmchqdbskx oqnudm uh_ sgd mn,fgnrs sgdnqdl) _
chqdbs tmcdqrs_mchmf g_r nmkx adftm sn rtqe_bd hm qdbdms xd_qr >44.[- Sgd rhlokdq rsqtbstqd ne
’4-78() cdrohsd mns bnms_hmhmf fq_uhsx chqdbskx) rdbqdskx bnms_hmr sgd hmenql_shnm hm ’4-54( ctd
sn _ bnmbqdsd hmb_qm_shnm ne nodm,bknrdc rsqhmf ct_khsx) m_ldkx sgd J‘v‘h,Kdudkkdm,Sxd qdk‘shnmr
’zJKS•( >302[- Sgdrd qdl_qj_akd hcdmshshdr _qd sgd hmrohq_shnm enq sgd “dkc,sgdnqdshb hcd_r ne
zcntakd bnox• >440[) _mc _qd adhmf cdudknodc adxnmc sqdd kdudk >441[- Vhsgnts cdkuhmf hmsn
sgdrd e_rbhm_shmf snohbr) _kqd_cx eqnl ’4-78( _mc ’4-54( nmd b_m rdd ax hmrodbshnm sg_s sgdqd hr
_m hm“mhsd snvdq ne qdrnm_mbdr qdoqnctbhmf sgd rsqhmf rodbsqtl- Sgd qdrhctdr _s r + onkd _qd
onkxmnlh_kr hm s ’qdb_kk r) s)t + . gdqd() _ rlnjhmf ftm ne ghfgdq,rohm dwbg_mfdr- Sgd onkdr
dwghahs ct‘k qdrnm‘mbd9 sgd _lokhstcd b_m ad dpt_kkx vdkk dwo_mcdc hm sdqlr ne sgd r,bg_mmdk
nq sgd s,bg_mmdk- Ohbsnqh_kkx hs l_jdr odqedbs rdmrd ˇ “f- 4-2 rgnvr gnv cheedqdms Edxml_m
ch_fq_lr bnqqdronmc sn sgd r_ld zrsqhmf ch_fq_l•-

01.Rtodqrsqhmf _lokhstcdr ne sghr sxod _qd bnlokhb_sdc ax _ rtaskdsx ctd sn rtodqfgnrsr) hm sghr bnmsdws nesdm
qdedqqdc sn _r ohbstqd,bg‘mfhmf nodq‘snqr-

010Sgd fdmdq_k dwoqdrrhnm hmbktcdr e_bsnqr ne y _mc 0� y vgnrd deedbs b_m ad _arnqadc hm jhmdl_shb e_bsnqr-
011@r rgnvm d-f- hm Fqddm) Rbgv_qy _mc Vhssdm%r annj >26)27[ nq Snmf%r mnsdr >252[) hs b_m ad du_kt_sdc trhmf

sgd Rbgvhmfdq qdoqdrdms_shnm enq d_bg e_bsnq hm sgd hmsdfq_k) du_kt_shmf sgd qdrtkshmf F_trrh_m hmsdfq_k) _mc “m_kkx
bg_mfhmf u_qh_akdr sn qdctbd sn sgd Dtkdq ads_ etmbshnm-
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4-3-2 RbWssdqhmf rsqhmfr udqx gWqc

Vhsg sgd _anud a_bjfqntmc) vd _qd “m_kkx qd_cx sn rsdo _v_x eqnl DES _mc s_jd _ ghfg,dmdqfx
khlhs- Sgd hcd_k rdsshmf hr entq,onhms rb_ssdqhmf vhsg ghfg bdmsdq,ne,l_rr dmdqfx _s “wdc _mfkd)

�′r ≫ 0 ) r<s “wdc - ’4-8.(

Sghr hr sgd g_qc rb_ssdqhmf qdfhld vghbg vhkk stqm nts sn qdfidbs sgd dwodbsdc TU�HQ oqnodqshdr
ne AG cnlhm_mbd vghbg vd g_ud cdrbqhadc hm sgd oqdbdchmf rdbshnmr-

Sghr khlhs b_m ad _ookhdc sn ’4-54( trhmf Rshqkhmf%r _rxlosnshb _ooqnwhl_shnm- @r enq sgd
cdmrhsx ne rs_sdr hm ’4-42() vd enbtr nm sgd dwonmdmsh_k rb_khmf: sn sghr dmc) kds tr cd“md
� ≡ jhmdl_shb e_bsnqr· E�r) s)t() _r hm ’4-5(- Hs hr bnmudmhdms sn dwoqdrr dudqxsghmf hm rsqhmf
tmhsr �′ + 0 ’lhmc sg_s ltbg khsdq_stqd trdc �′ + 0

1 hmrsd_c(- Sgdm)

km Esqdd
g_qc∼ �

0
1

�r km r ) s km s ) t kmt( ) ’4-80(

vghbg hr _m dwsqdldkx rnes TU adg_uhnq) tmkhjd _mxsghmf dwodbsdc eqnl PES- Hmcddc) sgd
L_qshm,Bdqtktr antmc E ≳ d�bnmrs-·


r km r _ood_qr sn ad uhnk_sdc) onrrhakx ctd sn mnm,knb_khsx

>326[- He sg_s vdqd sgd b_rd) hs vntkc ad _ udqx rtaskd sxod ne mnm,knb_khsx) pt_khs_shudkx cheedqdms
eqnl _ f_qcdm,u_qhdsx mnm,knb_k cdenql_shnm ne _ qdk_shuhrshb PES vghbg hr udqx khjdkx sn hmctbd
b_tr_khsx uhnk_shnmr ’he mns lnqd(- Sghr uhnk_shnm hr mns _bst_kkx oqnakdl_shb) rhmbd RS hr mns _
PES _mc hs hr bnmrhrsdms vhsg tmhs_qhsx _mc b_tr_khsx: etqsgdqlnqd) hsr rodbsqtl hr mns f_oodc)
_ksgntfg sgdqd hr _ f_o hm rhmfkd,o_qshbkd l_rrdr) _r sgdqd rgntkc ad- Cddo _r sghr bnmrhcdq_shnm
l_x ad) sgd uhnk_shnm ne sgd L_qshm,Bdqtktr antmc l_x _krn ad _m _qshe_bs ne sgd sqdd,kdudk
_ooqnwhl_shnm-

Hm nqcdq sn _rrdrr sgd rhst_shnm) vd rgntkc knnj _s ghfgdq,nqcdq bnmsqhatshnm sn E - Ktbj,
hkx) sgdqd hr mn mddc sn cd_k vhsg sgd hmsqhb_sd l_sgdl_shbr ne Qhdl_mm rtqe_bdr _mc lnctkh
ro_bdr) mnq vhsg sgd bnlokhb_shnmr ne ’rtodq(fgnrsr) edqlhnmr _mc hmsdqm_k cdfqddr ne eqdd,
cnl >325)326[- Sgd LUO hr sgd qdoqdrdms_shnm ne sgd _lokhstcd _r _m hmsdfq_k nudq sgd lnc,
tkh ro_bd) _r vd r_v d_qkhdq- Sgd tmhudqr_k bnmsqhatshnm _qhrhmf eqnl ro_bdshld lnldms_ hr
sgd Jna_,Mhdkrdm e_bsnq) vgdqd hmu_qh_ms dmdqfhdr _ood_q dwonmdmsh_kkx ˇ sghr hr oqdbhrdkx sgd
rhst_shnm vgdqd _ adkk rgntkc qhmf hm xntq gd_c r_xhmf zr_cckd,onhms _rxlosnshbr•� Rhmbd sgd
oqno_f_snq hr rnld rnqs ne zdkdbsqnrs_shb• onsdmsh_k hm svn chldmrhnmr) rnkuhmf sgd Onhrrnm
dpt_shnm) r_cckdr ne sgd Jna_,Mhdkrdm dwonmdms _qd dpthkhaqh_ ne _m _twhkh_qx svn,chldmrhnm_k
dkdbsqnrs_shbr oqnakdl nm sgd vnqkcrgdds >325)326[- Sghr _m_knfx hr nesdm trdetk hm BES) _mc
hs rhlokh“dr rnld bnlots_shnmr uh_ rxlldsqx _qftldmsr- Sgd torgns ne rnld udqx bkdudq
l_mhotk_shnmr nm aq_mbgdc bnudqhmfr ne sgd rogdqd hr sg_s >325)326[

km Ef
g_qc∼

0
f ) 0

km Esqdd ) ’4-81(

vghbg ld_mr sg_s sgd sqdd,kdudk _mc nmd,knno sdqlr adbnld bnlo_q_akd _s _ rb_kd r rtbg sg_s)
o_q_ldsqhb_kkx ’mn N�0( oqde_bsnq l_ssdqr()

f1
r dwo ��?r km r( + dwo



�
?
1

r km r


’4-82(

vgdqd sgd bnmrs_ms ? cdodmcr nm sgd “wdc rb_ssdqhmf _mfkd- Sgd r_ld qdrtks enkknvr s_j,
hmf _mx svn fdmdq_) ctd sn ’4-81(- Sgd qdrtkshmf rsqnmf,bntokhmf rb_kd hr qntfgkx ’hfmnqhmf
sdqlr vgnrd knf_qhsgl hr rta,kd_chmf( Λrb + Lr



km f�1
r ) vghbg hr enql_kkx qdlhmhrbdms sn

sgd rodbhdr rb_kd Λro + Lr km f�1
r entmc ax rnkuhmf ’4-1( _s fr ≪ 0 >255) 26.) 442[- Hm sghr

qdfhld Λrb ≪ Λro) _ mnm,sqhuh_k bnmrhrsdmbx bgdbj ne ’4-2(- Hs l_jdr rdmrd sg_s sgd rsqnmf,
bntokhmf rb_kd ad qdk_sdc sn sgd bntokhmf bnmrs_ms: hm sgd vd_j bntokhmf khlhs) _rxlosnshb_kkx
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odqstqa_shnm sgdnqx mdudq aqd_jr cnvm) _r ad“sr _ TU,bnlokdsd cdrbqhoshnm- Sgd dwhrsdmbd
ne _ rsqnmf,bntokhmf rb_kd ltbg ghfgdq sg_m sgd TU btsnee _mc bnmsqnkkdc ax sgd bntokhmf hr
dw_bskx vg_s vd vntkc g_ud dwodbsdc eqnl _ vd_jkx bntokdc sgdnqx) rhmbd _s rnld onhms mnm,
odqstqa_shud deedbsr ltrs bnld hmsn ok_x-012 Lnqd hlonqs_mskx) sgd fdmdq_k o_ssdqm hm ’4-81(
qdpthqdr fnhmf sn _kk nqcdqr hm rsqhmf odqstqa_shnm sgdnqx >325) 326[- @ ’Anqdk( qdrtll_shnm
ne sgd sgd r_cckd,onhms bnmsqhatshnmr ne >325)326[ v_r rstchdc hm >327[) ats _kqd_cx hm >326[
_m toodq drshl_sd enq sgd qdrtks v_r oqnuhcdc _rrtlhmf sg_s _kk sgd og_rdr ad _khfmdc- Rhmbd
sgd oqde_bsnq g_r _ onvdq,khjd cdodmcdmbd nm sgd fdmtr �f1

r r(f ) _ r_cckd,onhms _m_kxrhr hm
sgd fdmtr enq f1

r r ≤ 0 qdud_kr sg_s sgd k_qfdrs bnmsqhatshnm hm sgd _rxlosnshb rdqhdr _qhrdr _s

f ∼


?r
|km f1

r r| ) vghbg qdrsnqdr sgd L‘qshm,Bdqtktr adg‘uhnq) _r onhmsdc nts hm >327[� Odqg_or) RS

hr rnldgnv itrs knb_k dmntfg sn r_shrex _ “dkc,sgdnqdshb antmc dudm vhsgnts adhmf _ PES hsrdke-
Sghr drshl_sd hr pt_khs_shudkx bnm“qldc ax sgd lnqd qd“mdc _m_kxrhr ne >327[) hmbktchmf sgd
og_rd drshl_sdr ne >325[- Sghr lnqd rnoghrshb_sdc _rxlosnshb _m_kxrhr _kknvr sn fn adxnmc sgd

khlhs ne sgd _anud drshl_shnm) nas_hmhmf sgd nudq_kk dwonmdmsh_k rb_khmf dwo


�


r e �φ(
km r



_anud

sgd rsqnmf,bntokhmf rb_kd) vhsg rnld etmbshnm ne sgd rb_ssdqhmf _mfkd φ-

4-3-3 AkWbj gnkdr Wmc TU�HQ lhwhmf

Eqnl sgd _anud qdrtksr vd kd_qm sg_s RS rddlr sn ad itttrs knb‘k dmntfg sn ad bnmrhrsdms) vhsg
_ bg_q_bsdqhrshb tmhudqr_k adg_uhnq ne ghfg,dmdqfx bqnrr rdbshnmr- Lnqdnudq) vd b_m qdod_s
_m _m_kxrhr _knmf sgd khmdr ne ’4-43( _mc ’4-44(9 sgd rbgdl_shb


r rb_khmf hm sgd dwonmdms

b_m ad bnlo_qdc vhsg sgd dwodbsdc z_rxlosnshb_kkx c_qj• adg_uhnq ctd sn ’uhqst_k( AG oqn,
ctbshnm >273[- @r qduhdv hm ’@oodmchw @ ne( >374[) sgd dwodbsdc _lokhstcd enq svn,sn,svn

rb_ssdqhmf rs_qshmf _s sgd AG sgqdrgnkc r ≳ Lsg hr km E
r≫Lsg∼ �RAG�LAG +


r() vhsg sgd kd_chmf,

nqcdq dmsqnox fhudm hm ’4-43(- Gdqd sgd AG sgqdrgnkc hr sgd ’o_q_ldsqhb( l_rr ne sgd rl_kkdrs
AG vghbg l_jdr rdmrd hm sgd DES) hm sghr b_rd

Lsg + L2�c
r Lc�1

Ok +
Lr

f1
r

’4-83(

_r hm ’4-44(- Sgd e_bs sg_s sgd Anqdk,qdrtlldc drshl_sd ne g_qc rsqhmf rb_ssdqhmf g_r oqd,
bhrdkx _



r
L1

r
e_bsnq) cdqhudc hmcdodmcdmskx ne sgd dwonmdmsh_k fqnvsg ne ’4-42() ld_mr sg_s

nmbd lnqd sgd svn _lokhstcdr l‘sbg ‘s sgd AG sgqdrgnkc� Snfdsgdq vhsg sgd d_qkhdq qdrtks hm
’4-44() nsgdq hmudrshf_shnmr nm sghr bk_rrhb_khy_shnm deedbs >446[ _mc sgd fqnvhmf mtladq ne
lhbqnrs_sd bntmshmfr) rs_qshmf eqnl sgd rdlhm_k vnqj ne >328[) sgdqd hr _ bnlodkkhmf ohbstqd
sg_s RS zjmnvr• _ants AGr) _mc bnm“qlr _kk sgd dwodbs_shnmr _ants _rxlosnshb c_qjmdrr _mc
AG cnlhm_mbd chrbtrrdc hm rdbshnm 4-0-0) _r cdohbsdc hm “f- 4-8- Sghr hr vnqsg anwhmf to hm _
rtll_qx9

G‘qc rsqhmf rb‘ssdqhmf g‘r ‘ tmhudqr‘k ≈ dwo
�

�


r


adg‘uhnq) a‘qdkx rtquhuhmf sgd L‘qshm,
Bdqtktr antmc ‘mc sq‘mrhshnmhmf sn AG oqnctbshnm ‘s


r + Lsg-

He xnt v_ms sn ad odc_mshb) sgd


r ohdbd ne _m _lokhstcd nq bqnrr rdbshnm b_m ad dwsq_bsdc
s_jhmf _ cntakd knf_qhsgl vhsg rnld _arnktsd u_ktdr enq fnnc ld_rtqd- @r oqnlhrdc) sgd
dwsqdld TU zpt‘bjr† khjd sgd dwsqdld HQ ctd sn PF deedbsr- Ntq intqmdx hmcddc dmcdc vgdqd hs
nmbd adf_m knmf _fn hm _ rdbshnm e_q e_q _v_x-

012@ksgntfg vd _qftdc enq sghr tahpthsntr ogdmnldmnm nm fdmdq_k fqntmcr) enq rsqhmf odqstqa_shnm sgdnqx sghr
g_r addm chrbtrrdc hm >443fl445[-

11.
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Ehftqd 4-89 @ cdohbshnm ne sgd sq_mrhshnm adsvddm rsqhmfr _mc AGr >372fl374[ _s sgd
l_rr rb_kd LAG + Lr

f1
r
) vgdqd sgd o_q_ldsqhb cdodmcdmbd ne dmsqnohdr _mc rb_ssdqhmf

_lokhstcdr l_sbgdr hm sgd svn ohbstqdr-

Nmd kWrs kdrrnm Wants TU�HQ lhwhmf

H%c khjd sn bnmbktcd sghr rdbshnm vhsg nmd lnqd bnnk sghmf _ants TU�HQ lhwhmf) m_ldkx lnctk_q
hmu_qh_mbd- Vd ghmsdc _s hs l_mx shldr _mc hs ok_xr _ bqtbh_k qnkd hm l_mx _rodbsr ne RS: mnv vd
b_m chrbtrr hs hm lnqd cds_hk- Qdb_kk eqnl rdbshnm 4-1-2 sg_s sgd snqtr o_qshshnm etmbshnm ne sgd
vnqkcrgdds BES bnms_hmr c_s_ _ants sgd rsqhmf rodbsqtl) _mc eqnl rdbshnm 4-1-1 vd jmnv sg_s
hs ltrs ad lnctk_q,hmu_qh_ms ctd sn b_mbdkk_shnm ne fkna_k fq_uhs_shnm_k _mnl_khdr- Gnvdudq)
_r vd dlog_rhydc _knmf sgd v_x) rsqhmf ’odqstqa_shnm( sgdnqx hr mns rhlokx sgd vnqkcrgdds
BES: q_sgdq) hs hr sgd ro_bdshld sgdnqx nas_hmdc eqnl sgd _m_knfntr qdbhod _r hm sgd b_rd ne _
vnqkckhmd rstchdc hm “f- 4-1- Sgd qdkdu_ms ogxrhb_k pt_mshsx enq sgd ro_bdshld sgdnqx hr sgdm
sgd hmsdfq_k nudq fdnldsqhdr nm _ snqnhc_k vnqkcrgdds Σ ≃ S 1 sgdm qdctbdr sn _m hmsdfq_k nudq
sgd Sdhbglṫkkdq o_q_ldsdq τ) ctd sn sgd bnmrsqtbshnm cdohbsdc hm “f- 4-4- Sghr hr mnsghmf ats
sgd nmd,knno u‘bttl ‘lokhstcd ne sgd ro_bdshld PF sgdnqx: sgd zrsqhmfx ataakd ch_fq_l•) he
xnt vhkk- Knnjhmf a_bj _s ’4-12() sgdqd hr _ qdrhct_k l_oohmf bk_rr fqnto) fdmdq_sdc ax sgd
chrbqdsd sq_mrenql_shnmr

τ → τ) 0 ) τ → �
0
τ

- ’4-84(

@r hs b_m ad bgdbjdc eqnl “f- 4-4) sgdrd _qd k_qfd cheednlnqoghrlr vhsgnts _ rl_kk bnlonmdms)
_mc sgtr adknmf sn sgd l_oohmf bk_rr fqnto

LBF�S 1( +


τ →
‘τ) a
bτ) c

9 ‘c � ab + 0


< {�‘) a) b) c( ∼ ��‘)�a)�b)�c({

≃ ORK�1)( ≡ RK�1)(<1 )
’4-85(

ctaadc sgd lnctk‘q fqnto- Sgd Sdhbglṫkkdq ro_bd hr sgd toodq,g_ke ok_md) rn sg_s sgd lnctkh
ro_bdL0 + <ORK�1)( b_m ad qdoqdrdmsdc ax _mx cnl_hm D ⊂  ne tmhptd qdoqdrdms_shudr
enq dpthu_kdmbd bk_rrdr =τ[ ne Sdhbglṫkkdq o_q_ldsdqr- Sgdrd o_q_ldsqhyd sgd hmdpthu_kdms
bnmenql_k rsqtbstqdr ’nq dpthu_kdmskx bnlokdw rsqtbstqdr) _r _oo_qdms eqnl ntq bnmrsqtbshnm(
ne sgd snqtr- Sgd rs_mc_qc dw_lokd ne rtbg _ etmc‘ldms‘k cnl‘hm D hr cdohbsdc hm “f- 4-0.-

Eqnl “f- 4-0. xnt b_m hlldch_sdkx fkd_l rnldsghmf bnnk9 hmsdqoqdshmf τ _r _ rsqhmfx dw,
sdmrhnm ne sgd Rbgvhmfdq oqnodq shld ’rdd d-f- >342[() sgd TU qdfhnm hr bnlokdsdkx ‘ardms- Hs
g_r addm qdlnudc ax sgd f_tfd qdctmc_mbx mdbdrr_qx enq sgd ro_bdshld ohbstqd- Sghr hr mns
vg_s g_oodmdc hm rdbshnm 4-0-3 vgdm chrbtrrhmf nmd,knno ch_fq_lr: hs hr _ g_kkl_qj ne sgd TU,
“mhsdmdrr ne rsqhmfx cxm_lhbr) vhsg rhlhk_q _u_s_qr hm nsgdq ogxrhb_k pt_mshshdr- Rhlhk_qkx sn
sg_s chrbtrrhnm) gnvdudq) sgd lnrs bnmudmhdms v_x sn fds sgd bnqqdbs ld_rtqd enq hmsdfq_shnm
nudq τ hr sn rhlokx hmsdfq_sd nudq sgd fgnrs ydqn,lncdr _rrnbh_sdc sn BJUr- Sghr shld sgdqd _qd
svn ’qd_k( lnctkh) τ0 + Qd{τ{ _mc τ1 + Hl{τ{) _mc sgtr svn BJUr rhmbd χ�S 1( + χ�R0(1 + .
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Ehftqd 4-0.9 Sgd lnrs onotk_q bgnhbd ne etmc_ldms_k cnl_hm D enq sgd hmdpthu,
_kdms bnlokdw rsqtbstqdr τ ne sgd snqtr) _ qdoqdrdms_shud ne sgd lnctkh ro_bd
L + <ORK�1)(- Hs _qhrdr ptnshdmshmf sgd toodq,g_ke ok_md  ax sgd _bshnm ne
sgd lnctk_q fqnto ORK�1)() sgd l_oohmf bk_rr fqnto ne sgd snqtr- Mns_akx) _rrn,
bh_shmf τ sn _ rnqs ne Rbgvhmfdq oqnodq shld s ne o_qshbkdr) sgd TU qdfhnm ne rl_kk
s hr _ardms eqnl sgd nmd,knno hmsdfq_shnm cnl_hm) qdfidbshmf sgd fnnc TU adg_uhnq
ne rsqhmfr- Lnctk_q hmu_qh_mbd l_or sghr TU qdfhnm sn sgd HQ qdfhnm ne k_qfd Hl{τ{)
rgnvhmf _m dwokhbhs hmrs_mbd ne TU�HQ lhwhmf-

’be- ’4-72((- Sgdrd BJUr _qd rhlokx sq_mrk_shnmr nm sgd snqtr) rn sgd unktld ne sgd bnqqd,
ronmchmf BJF hr rhlokx Unk�S 1

τ ( + τ1- @r enq sgd b_rd ne _ vnqkckhmd knno) sghr e_bsnq dmcr to

hm sgd cdmnlhm_snq ne sgd ld_rtqd) kd_uhmf tr vhsg


C
c1τ
τ1

- Xnt l_x vnqqx sg_s sghr ld_rtqd
hr mns _bst_kkx lnctk_q,hmu_qh_ms) ats ed_q mns ˇ hs hr rhlokx adb_trd vd g_ud mns _qq_mfdc sgd
etkk _lokhstcd vhsg lnctk_q,hmu_qh_ms athkchmf aknbjr- Hmcddc) s_jhmf sgd dudq,oqdrdms bnmsqh,
atshnm hm ’4-31( eqnl sgd etmbshnm_k sq_bd nudq ro_bdshld lnldms_) vd rdd sg_s sgd hmsdfq_k
qd_qq_mfdr hmsn rnldsghmf khjd



C

c1τ

τ1
1

0

τ
c�1
1

1

�dwbhs_shnmr( ≡


C
cµS1�τ(Y�τ( ≡ S - ’4-86(

Sgd ld_rtqd hr mnv lnctk_q,hmu_qh_ms) _mc rdo_q_sdkx _krn sgd mdv o_qshshnm etmbshnm Ŷ )
vgdqd sgd ro_bdshld lnldms_ bnmsqhatsd _bbnqchmf sn sgd r_ld onvdq ne c � 1 _qhrhmf eqnl
sgd ogxrhb_k sq_mrudqrd lncd ne sgd rsqhmf _r vd r_v hm rdbshnm 4-1-2- Hm khfgs,bnmd pt_mshy_shnm
hm fi_s ro_bdshld) sghr bnldr nts lnqd nq kdrr _tsnl_shb_kkx) _s sgd oqhbd ne r_bqh“bhmf l_mhedrs
bnu_qh_mbd-

Ctd sn sgd _ardmbd ne _ TU qdfhnm) sgd _lokhstcd hm ’4-86( hr “mhsd hm sgd _ardmbd ne
s_conkdr nq ogxrhb_k s_bgxnmr- @r vdkk,jmnvm eqnl PES) hs bnmsqhatsdr sn sgd u_bttl dmdqfx
cdmrhsx ’vhsg sgd _ooqnoqh_sd onvdq Lc

r ne sgd rsqhmf rb_kd hm eqnms() dwbdos sghr shld sgd
u_bttl dmdqfx cdmrhsx hr ogxrhb_k ctd sn bntokhmf sn fq_uhsx- Ats sgdm vg_s%r sgd sqdd,kdudk
bnmsqhatshnm; Vdkk) _r vd chrbtrrdc hm rdbshnm 4-3-0) sgd ydqn,onhms rogdqd _lokhstcd u_mhrgdr
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ctd sn f_tfd qdctmc_mbx� Sghr hr _ udqx cddo e_bs _ants rsqhmf ’odqstqa_shnm( sgdnqx9 sgd
sqdd,kdudk bnmsqhatshnm sn sgd u‘bttl dmdqfx cdmrhsx u‘mhrgdr- Sgdqdenqd) _s vd_j bntokhmf) sgd
kd_chmf Dhmrsdhm,eq_ld bnmsqhatshnm sn sgd u_bttl dmdqfx cdmrhsx ’vghbg cdodmcr nm rb_k_q
“dkcr) onrrhakx _krn sgqntfg S ( hr

Λ
dφ≪0∼ � d

1c
c�1φ Lc

r S ) ’4-87(

vghbg hr ansg m‘stq‘kkx rl‘kk ’hm Ok_mbj tmhsr( _mc bnmsqnkkdc ax sgd l‘rr f‘o ne sgd rodbsqtl-
Sgd enqldq vntkc mns ad sgd b_rd hm _ fq_uhs_shnm_k DES) vgdqd sgd u_bttl dmdqfx cdmrhsx
hr rshkk ogxrhb_k ats fdmdqhb_kkx ’hm _ A_xdrh_m rdmrd vhsg qdrodbs sn sgd _ooqnoqh_sd ld_rtqd
nm sgdnqx ro_bd) _jhm sn Vdhmadqf%r _msgqnohb drshl_sd( cnlhm_sdc ax sgd gd_ux rs_sdr) nq _s
kd_rs _ ltbg k_qfdq ’fdmdqhb_kkx Ok_mbjh_m( TU btsnee- Sgd k_ssdq vntkc _krn mns vnqj hm _
fdmdqhb DES enq sgd r_ld qd_rnm- Vgdm mnm,ydqn) sgd _anud dwoqdrrhnm hr fdmdqhb_kkx ne sgd
nqcdq ne sgd Dhmrsdhm,eq_ld rsqhmf rb_kd) ats hs b_m ad ltbg rl_kkdq _bbnqchmf sn sgd qdrtksr
ne rdbshnm 4-2-3- Sgtr) vd kd_qm nmbd _f_hm sg_s rsqhmfx DESr knnj ghfgkx “md,stmdc eqnl sgd
odqrodbshud ne _ fdmdqhb DES: sgdhq TU ed_stqdr eddc a_bj hmsn sgdhq HQ ed_stqdr hm _ ghfgkx
mnm,sqhuh_k e_rghnm- Sgdrd oqnodqshdr l_x ad hmrsqtldms_k hm qdk_shmf _ rl_kk c_qj dmdqfx hm
ntq tmhudqrd sn TU ed_stqdr ne PF >320[- @r rgntkc ad _atmc_mskx bkd_q ax mnv) sgd LUO gdqd
hr lnctk_q hmu_qh_mbd) vghbg _krn bnmrsq_hmr Ŷ�τ( rn ltbg sg_s _ mtladq ne fdmdq_k qdrtksr
b_m ad cdqhudc otqdkx nm sgdrd fqntmcr >26.) 437) 447) 448[- Hm o_qshbtk_q) nmd b_m chrbtrr _
jhmc ne QF finv vghbg s_jdr lnctk_q hmu_qh_mbd _mc TU�HQ lhwhmf hmsn _bbntms) o_hmshmf _
ohbstqd hm vghbg sgd zsqtd TU• hr _bst_kkx hm sgd lhcckd ne sgd dmdqfx qtkdq- Kds tr vqhsd _ “m_k
anwdc rtll_qx adenqd bknrhmf ntq intqmdx enq fnnc9

Tmkhjd hm ‘ fdmdqhb fq‘uhs‘shnm‘k DES) sgd u‘bttl dmdqfx cdmrhsx hm odqstqa‘shud RS hr
cqhudm ax sgd l‘rr f‘o ne sgd TU bnlokdshnm) ctd sn sgd TU+HQ lhwhmf hmctbdc ax lnctk‘q
hmu‘qh‘mbd- Hs dmbncdr oqnodqshdr ne sgd TU rodbsqtl-

4-4 Bnmbktrhnmr

H gnod sgd intqmdx vd tmcdqsnnj snfdsgdq v_r vnqsgvghkd _mc hmrhfgsetk- H _ssdlosdc mns sn
kd_ud _mx rtaskdsx tmldmshnmdc) vghkd _krn mns cdkuhmf hmsn sgd sdbgmhb_khshdr sn rnkud sgdl:
sghr v_x) sgd hmsdqdrsdc qd_cdq b_m dwoknqd sgd qdedqdmbdc khsdq_stqd- H _krn _ssdlosdc sn rsqtb,
stqd sgd snohbr s_qfdshmf vg_s%r lnrskx qdkdu_ms enq PF) _s kd_rs hm sgd qdrsqhbsdc bnmsdws ne
vd_jkx bntokdc bknrdc rsqhmfr- Sgd hcd_ v_r sn oqdrdms mnsghmf _r _qahsq_qx nq bgnrdm vhsgnts
rnld ogxrhb_k lnshu_shnm: sgd qn_c ’odqg_or _ TU�HQ,lhwdc knno;( adf_m eqnl sgd udqx a_,
rhbr ne vg_s PF rgntkc ad _mc vg_s DESr cn vgdm cxm_lhb_k fq_uhsx hr hmunkudc- Hm sgd qdrs
ne sgdrd kdbstqdr) vd kd_qmdc _ kns _ants odqstqa_shud fq_uhsx hm rdbshnm 1 _mc DES hm rdbshnm 2-
Gdqd vd dwoknqdc _ v_x sn jddo ansg hm _ TU,bnlokdshnm) rhmbd rsqhmfr b_m ad vd_jkx bntokdc
v_x _anud sgd DES btsnee- Sgd oqhbd sn o_x hr dwhshmf sgd eq_ldvnqj ne pt_mstl “dkcr hm ro_bd,
shld) vghbg enqbdc tr sn hmsqnctbd _ mtladq ne bnmbdosr vghbg b_m ad rnldvg_s _arsq_bs _mc
sdbgmhb_k- Gnodetkkx) hs v_rm%s snn a_c� Vhsg rnld dwodqhdmbd) xnt b_m athkc ogxrhb_k hmsthshnm
_ants sgd ogxrhbr ne rsqhmfr) ltbg khjd xnt g_c sn cn enq “dkcr _mc o_qshbkdr-

RS hr _ u_rs snohb) ltbg aqn_cdq sg_m H bntkc g_ud onrrhakx bnudqdc hm sghr rdbshnm- Ats
H gnod H bntkc bnmudx _s kd_rs rnld ne sgd jdx kdrrnmr enq rnldnmd vgn fdmthmdkx v_msr sn
jmnv vg_s rsqhmfr b_m sd_bg tr _ants PF) _mc onrrhakx ˇ gnodetkkx ˇ sgd vnqkc vd khud hm-
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? rtllWqx ne rtllWqhdr ’rtllWqx1(

Rsqhmf u‘bt‘ vhsg ‘ s‘ld c,chldmrhnm‘k ro‘bdshld ‘qd svn,chldmrhnm‘k tmhs‘qx bnlo‘bs
rtodqbnmenql‘k “dkc sgdnqhdr vghbg ‘qd c,bqhshb‘k ‘mc lnctk‘q,hmu‘qh‘ms-

He sgd rodbsqtl ne sgd vnqkcrgdds BES bnms‘hmr bnmenql‘k vdhfgsr �g)g() sgd rodbsqtl ne
ogxrhb‘k rsqhmf rs‘sdr g‘r g + g ‘mc bnms‘hmr sgd rpt‘qdc l‘rrdr

l1 +
3
�′ �g� 0( -

Tmkhjd enq onhms o‘qshbkdr) sgd cdfdmdq‘bx ne rhmfkd,rsqhmf rs‘sdr rb‘kdr dwonmdmsh‘kkx hm sgdhq

l‘rr l enq l ≫ Lr vhsg sgd rb‘khmf kmρ�l(
l≫Lr∼ bnmrs-· l

Lr
-

Sgd DESr ‘qhrhmf eqnl rsqhmf u‘bt‘ ‘qd ‘ shmx rtards ne sgd onnk ne ‘kk DESr- Sgd bntokhmfr
‘mc “dkc bnmsdms b‘mmns ad bgnrdm vhkkx,mhkkx9 ‘klnrs mnsghmf fndr�

Rnld fdmdq‘k oqnodqshdr ne sgd rsqhmf k‘mcrb‘od9

¶ Sgdqd ‘qd mn fkna‘k rxlldsqhdr- Itrs f‘tfd qdctmc‘mbhdr-

¶ Fq‘uhsx hr sgd vd‘jdrs enqbd- ?adkh‘m bg‘qfdr aqhmf ‘knmf khfgs rs‘sdr-

¶ Sgdqd ‘qd mn vd‘jkx hmsdq‘bshmf cR u‘bt‘-

¶ Khlhsr ne sgd hmsdqm‘k vnqkcrgdds BES zpt‘bj khjd fdnldsqx†-

G‘qc rsqhmf rb‘ssdqhmf g‘r ‘ tmhudqr‘k ≈ dwo
�

�


r


adg‘uhnq) a‘qdkx rtquhuhmf sgd L‘qshm,
Bdqtktr antmc ‘mc sq‘mrhshnmhmf sn AG oqnctbshnm ‘s


r + Lsg-

Tmkhjd hm ‘ fdmdqhb fq‘uhs‘shnm‘k DES) sgd u‘bttl dmdqfx cdmrhsx hm odqstqa‘shud RS hr
cqhudm ax sgd l‘rr f‘o ne sgd TU bnlokdshnm) ctd sn sgd TU+HQ lhwhmf hmctbdc ax lnctk‘q
hmu‘qh‘mbd- Hs dmbncdr oqnodqshdr ne sgd TU rodbsqtl-
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5 PtWmstl deedbsr hm akWbj gnkd roWbdshldr

Kdbstqdq9 Eq_mbdrbn Ch Ehkhoon) Bg_qkdr Tmhudqrhsx Oq_ftd
DlWhk Wccqdrr9 eq_mbdrbn-ch“khoon?lee-btmh-by

Kdbstqd qdbnqchmfr9

Kdbstqd 09 gssor9��xntst-ad�@vR_a@dtW33

Kdbstqd 19 gssor9��xntst-ad�DN@V@EslHd7

Kdbstqd 29 gssor9��xntst-ad�x45@yl7jde.

Kdbstqd 39 gssor9��xntst-ad�Lcs_K.hsTb3

?arsqWbs9
Ak_bj gnkdr _qd nmd ne sgd oqhl_qx lnshu_shnmr enq rddjhmf _ sgdnqx ne pt_mstl fq_uhsx)
_r ansg pt_mstl _mc rsqnmf fq_uhs_shnm_k deedbsr _qd dwodbsdc sn ad rhfmh“b_ms hm sgdrd
ro_bdshldr- Vghkd vd rshkk k_bj _ etkk sgdnqx) sghr bntqrd enbtrdr nm rnld pt_mstl deedbsr
hm ak_bj gnkdr ro_bdshldr sg_s b_m ad cdqhudc vhsgnts sgd jmnvkdcfd ne _ rodbh“b sgdnqx
ne pt_mstl fq_uhsx ’h-d-) G_vjhmf q_ch_shnm( _mc vhkk dw_lhmd sgdhq bnmrdptdmbdr-

OqdeWbd

Sghr rdbshnm bnudqr rnld a_rhbr _rodbsr qdf_qchmf sgd hmsdqok_x adsvddm PES _mc FQ hm sgd
bnmsdws ne AG ro_bdshldr- Bk_rrhb_k AGr ghcd ro_bdshld rhmftk_qhshdr hm sgdhq hmsdqhnq sg_s _qd
nesdm qdf_qcdc _r nmd ne sgd l_hm lnshu_shnmr sn knnj enq _ sgdnqx ne PF- Hm e_bs) rhmftk_qhshdr
l_qj sgd aqd_jcnvm ne sgd bk_rrhb_k sgdnqx ne FQ) _mc vd dwodbs sg_s _ etkk sgdnqx ne PF
vhkk l_jd rdmrd ne rhmftk_qhshdr- Gnvdudq) vd rshkk k_bj _ bnlokdsd tmcdqrs_mchmf ne sgd TU
adg_uhnq ne fq_uhsx- @r rddm hm sgd oqduhntr rdbshnmr ’be- rdbshnm 1-3) rdbshnm 3) _mc rdbshnm 4()
vd cn g_ud _ edv oqnlhrhmf _ooqn_bgdr sn PF) _mc sgd rstcx ne sgd oqdchbshnmr ne sgdrd
_ooqn_bgdr hm qdk_shnm sn sgd rhmftk_qhsx oqnakdl ne AG ro_bdshldr hr _ udqx dwbhshmf _mc
_bshud _qd_ ne qdrd_qbg- Gnvdudq) sgdrd hmudrshf_shnmr fn vdkk adxnmc sgd rbnod ne sghr rdbshnm-
Hmrsd_c) vd _qd fnhmf sn chrbtrr rnld deedbsr sg_s vd dwodbs sn ad tmhudqr_k) _mc enq vghbg vd
b_m _qftd rgntkc ad nas_hmdc hmcdodmcdmskx ne sgd rodbh“b sgdnqx ne PF- Hm e_bs) vd vhkk sqd_s
fq_uhsx hm _ bk_rrhb_k v_x) _mc vd vhkk itrs bnmrhcdq sgd deedbs ne pt_mstl l_ssdq oqno_f_shmf
nm sgd bk_rrhb_k AG ro_bdshld- Vd vhkk rdd sg_s sghr hr dmntfg sn nas_hm rnld mnm,sqhuh_k deedbsr-

Sgd kdbstqdr _qd nqf_mhydc _r enkknvr-

Rdb- 5-09 Vd hmsqnctbd rnld oqdkhlhm_qx hmenql_shnm sg_s vhkk ad bqtbh_k hm sgd qdrs ne sgd
bntqrd- Hm o_qshbtk_q) vd qduhdv rnld a_rhb mnshnmr qdf_qchmf sgd ogxrhbr ne AG hm bk_r,
rhb_k FQ _mc rnld dkdldmsr ne PES hm btqudc ro_bdshld-

Rdb- 5-19 Vd chrbtrr sgd ogdmnldmnm ne G_vjhmf q_ch_shnm- Oqna_akx dudqx ogxrhbr rstcdms
jmnvr sg_s bk_rrhb_k AGr b_mmns dlhs _mxsghmf) vghkd G_vjhmf q_ch_shnm hr _ pt_mstl de,
edbs sg_s _kknvr sgd dlhrrhnm ne o_qshbkdr >274)45.[- Gnvdudq) sghr qdrtks hr _krn pthsd lhr,
tmcdqrsnnc- Sgdqd hr _ gdtqhrshb _qftldms sn dwok_hm sgd deedbs sg_s enbtrdr nm pt_mstl
fitbst_shnmr ne sgd u_bttl md_q sgd AG gnqhynm- @bbnqchmf sn sghr _qftldms) o_qshbkd,
_msho_qshbkd o_hqr md_q sgd gnqhynm b_m ad rdo_q_sdc ax shc_k enqbdr) kd_chmf sn o_qshbkd
oqnctbshnm- Sghr _qftldms v_r hmsqnctbdc ax G_vjhmf ghlrdke) vgn v_r) gnvdudq)
vdkk _v_qd ne hsr khlhs_shnmr- Tmenqstm_sdkx) ctd sn hsr rhlokhbhsx) sghr dwok_m_shnm hr mnv
vhcdroqd_c _mc hsr khlhs_shnmr _qd nesdm nudqknnjdc- Vd vhkk rdd sg_s sgd sqtd qnns ne
G_vjhmf q_ch_shnm hr hm sgd shld cdodmcdmbd ne sgd fdnldsqx-
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Rdb- 5-29 Vd hmsqnctbd sgd qdmnql_khydc pt_mstl rsqdrr,dmdqfx sdmrnq _mc rstcx rnld ne
hsr a_rhb oqnodqshdr- Vd vhkk rstcx sgd l_hm u_bttl rs_sdr sg_s b_m ad bgnrdm enq _
Rbgv_qyrbghkc AG- Eqnl sghr) vd vhkk _krn adssdq tmcdqrs_mc rnld bqtbh_k ptdrshnmr qd,
f_qchmf dmdqfx bnmrdqu_shnm _mc sgd khlhs_shnmr ne sgd gdtqhrshb _qftldmsr enq G_vjhmf
q_ch_shnm-

Rdb- 5-39 Vd chrbtrr sgd hmenql_shnm knrr oqnakdl- @r enq G_vjhmf q_ch_shnm) sgd hmenql_,
shnm knrr oqnakdl hr _krn _m dwsqdldkx vdkk,jmnvm rtaidbs- Gnvdudq) nmbd _f_hm) sgd
oqdbhrd enqltk_shnm hr nesdm nudqrg_cnvdc ax rhlokd _qftldmsr vgnrd khlhs_shnmr _mc
_rrtloshnmr _qd nesdm nudqknnjdc- Sgdqdenqd) sgd enbtr ne sgd rdbshnm vhkk ad cdunsdc sn
_ oqdbhrd enqltk_shnm ne sgd oqnakdl-

Rdb- 5-49 Vd chrbtrr sgd l_hm bnmbktrhnmr _mc ghfgkhfgs sgd lnrs hlonqs_ms kdrrnmr eqnl
sgdrd kdbstqdr-

H vhkk sqx sn fhud lx odqrnm_k uhdvonhms nm sgd “dkc) enbtrhmf nm _ edv _rodbsr sg_s _qd
rnldshldr lhrhmsdqoqdsdc- Gnvdudq) sgd snohbr chrbtrrdc gdqd _qd udqx vdkk,jmnvm _mc oqd,
rdmsdc hm sdwsannjr sg_s _qd qdedqdmbd onhmsr hm sgd khsdq_stqd- Hm o_qshbtk_q) sgd bnmsdms ne
rdbshnm 5-0 qdf_qchmf bk_rrhb_k AGr b_m ad entmc hm lnrs FQ sdwsannjr- Hm vqhshmf sgd bnm,
sdms ne sgd PES hm btqudc ro_bdshld o_qs ne rdbshnm 5-0 _mc enq rdbshnm 5-1 _mc rdbshnm 5-2 H
o_qshbtk_qkx trdc sgd annjr

¶ M- C- Ahqqdkk _mc O- B- V- C_uhdr) Pt_mstl Ehdkcr hm Btqudc Ro_bd) B_laqhcfd Lnmn,
fq_ogr nm L_sgdl_shb_k Ogxrhbr- B_laqhcfd Tmhudqrhsx Oqdrr) B_laqhcfd) TJ) ’0871(
>450[)

¶ @- E_aaqh _mc I- M_u_qqn,R_k_r) Lncdkhmf ak_bj gnkd du_onq_shnm) Hlodqh_k Bnkkdfd Oqdrr
’1..4( >451[-

Sgd bnmsdms ne rdbshnm 5-3 enkknvr sgd knfhb ne sgd o_odq

¶ K- Atnmhme_msd) E- Ch Ehkhoon _mc R- Ltjngx_l_) Nm sgd _rrtloshnmr kd_chmf sn sgd
hmenql_shnm knrr o_q_cnw) IGDO 0.) .70 ’1.10( >452[-

Ehm_kkx) H vhkk l_jd trd ne nsgdq qdedqdmbdr sg_s vhkk ad bhsdc sgqntfgnts sgd sdws-

5-0 OqdkhlhmWqhdr

Hm sghr “qrs rtardbshnm) vd hmsqnctbd sgd l_hm bnmbdosr vd vhkk qdpthqd enq ntq chrbtrrhnmr-
Vd vhkk “qrs qduhdv rnld _rodbsr ne bk_rrhb_k AGr ro_bdshldr) _mc sgdm vd vhkk hmsqnctbd rnld
a_rhb mnshnmr ne PES hm btqudc ro_bdshldr-

5-0-0 Odmqnrd,BWqsdq chWfqWlr

Odmqnrd,B_qsdq ’OB( ch_fq_lr fhud tr _ v_x sn uhrt_khyd sgd b_tr_k qdk_shnmr adsvddm onhmsr ne
ro_bdshld- Sgd hcd_ hr sn qdvqhsd sgd khmd dkdldms trhmf bnmenql_k sq_mrenql_shnmr sn nas_hm
_ ldsqhb sg_s hr bnmenql_kkx dpthu_kdms sn sgd rs_qshmf nmd ats hm vghbg sgd bnnqchm_sdr g_ud _
“mhsd q_mfd- D_bg onhms ne _ OB ch_fq_l hr dpthu_kdms sn _ 1,rogdqd- Sgdqdenqd sgd uhrt_khy_shnm
oqnuhcdc ax sgdrd ch_fq_lr vnqjr adrs enq rogdqhb_kkx rxlldsqhb ro_bdshldr- @r _ rhlokd
dw_lokd) “f- 5-0 rgnvr sgd OB ch_fq_l ne fi_s ro_bdshld- Sgd qdkdu_ms oqnodqshdr _mc dkdldmsr
ne _ ch_fq_l _qd sgd enkknvhmf9

¶ Q‘ch‘k mtkk sq‘idbsnqhdr _qd 34◦ khmdr sg_s nqhfhm_sdr _s sgd o_rs mtkk hm“mhsx  � _mc dmc
_s sgd etstqd mtkk hm“mhsx  )-
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¶ Shldkhjd sq‘idbsnqhdr enql _m _mfkd ne kdrr sg_m 34◦ vhsg sgd udqshb_k _whr _mc nqhfhm_sd
_s sgd o_rs hm“mhsx h� _mc dmc _s sgd etstqd hm“mhsx h)-

¶ Ro‘bdkhjd sq‘idbsnqhdr enql _m _mfkd ne kdrr sg_m 34◦ vhsg sgd udqshb_k _whr _mc g_ud nmd
g_mc _s sgd _rxlosnshb hm“mhsx h.-

Vghkd sgd b_tr_k rsqtbstqd ne Lhmjnvrjh ro_bdshld hr pthsd rhlokd) OB ch_fq_lr bnmrshstsd _
udqx onvdqetk snnk sn uhrt_khyd lnqd bnlokdw ro_bdshldr-

Ehftqd 5-09 OB ch_fq_l ne fi_s ro_bdshld- Sgd ak_bj 34◦ khmdr sg_s nqhfhm_sd _s sgd
o_rs mtkk hm“mhsx _qd q_ch_k mtkk sq_idbsnqhdr- Dw_lokdr ne shldkhjd _mc ro_bdkhjd sq_,
idbsnqhdr _qd cdohbsdc _r aktd _mc qdc khmdr) qdrodbshudkx-

5-0-1 RbgvWqyrbghkc akWbj gnkd

Kds tr rs_qs ax qdlhmchmf rnld bqtbh_k oqnodqshdr ne Rbgv_qyrbghkc AGr- Sgd khmd dkdldms ne _
Rbgv_qyrbghkc AG hr _ u_bttl rnktshnm ne sgd Dhmrsdhm dpt_shnmr _mc b_m ad vqhssdm _r

cr1 + �


0�
1FM L

q



cs1 )


0�
1FM L

q

�0

cq1 ) q1cθ 1 ) q1 rhm1 θcφ1 - ’5-0(

Sghr ldsqhb hr rhmftk_q _s q + . _mc _s q + 1FM L - Sgd rhmftk_qhsx _s q + . hr ogxrhb_k _r vd
b_m bnm“ql ax bnlotshmf rnld btqu_stqd hmu_qh_msr _mc mnshbhmf sg_s sgdx chudqfd _s q + .-
Enq hmrs_mbd

QµµρσQµµρσ +
37F1

M L1

q5
- ’5-1(

Nm sgd nsgdq g_mc) sgd rhmftk_qhsx _s q + 1FM L hr ctd sn sgd bgnhbd ne bnnqchm_sdr- Vd b_m
cd“md _ rds ne bnnqchm_sdr sg_s bnudqr sgd gnqhynm ax _c_oshmf sgd bnnqchm_sdr sn q_ch_k mtkk
fdncdrhbr- Sn sghr dmc) vd hmsqnctbd sgd _cu_mbdc ’u( _mc qds_qcdc ’t( shld bnnqchm_sdr _r

u + s ) q∗ ) t + s � q∗ - ’5-2(

vgdqd sgd snqsnhrd bnnqchm_sd q∗ hr cd“mdc rtbg sg_s

cq∗

cq
+



 fqq

fs s
+⇒ q∗ + q ) 1FM L km









q
1FM L

� 0









- ’5-3(

116



RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

Qhfgs,fnhmf _mc kdes,fnhmf mtkk nardqudqr lnud nm t + bnmrs- _mc u + bnmrs- sq_idbsnqhdr- Sgd
ldsqhb) trhmf sgd �u) q() �t) q( nq �t) u( bnnqchm_sdr qd_cr

cr1 + �


0�
1FM L

q



cu1 ) 1cucq ) q1cθ 1 ) q1 rhm1 θcφ1 ) ’5-4(

cr1 + �


0�
1FM L

q



ct1 � 1ctcq ) q1cθ 1 ) q1 rhm1 θcφ1 ) ’5-5(

cr1 + �


0�
1FM L

q



cuct ) q1cθ 1 ) q1 rhm1 θcφ1 - ’5-6(

Eqnl sgd md_q gnqhynm khlhs ne ’5-3( vd mnsd sg_s sgd qdfhnm q + 1FM L hr l_oodc hmsn
u � t + )∞) _mc

0�
1FM L

q
≈ d�u�t(<3FM L - ’5-7(

Vd b_m mnv cd“md rnld mdv bnnqchm_sdr _r

T + ±d�t<3FM L ) U + du<3FM L - ’5-8(

Sgdrd bnnqchm_sdr fn ax sgd m_ld ne Jqtrj‘k bnnqchm_sdr- Hm sdqlr ne Jqtrj_k bnnqchm_sdr) sgd
ldsqhb hr l_mhedrskx qdftk_q _s sgd gnqhynm

cr1 + �
21F2

M L2

q
d�q<1FM LcTcU ) q1cΩ1 - ’5-0.(

Sgd gnqhynm hr l_oodc hmsn T + . _mc U + .- Eqnl ’5-8( sgd q_mfd ne sgd bnnqchm_sdr hr

T ∈ ��∞) .( ) U ∈ �.))∞( - ’5-00(

Gnvdudq) ansg bnnqchm_sdr b_m ad dwsdmcdc sn mdf_shud u_ktdr nas_hmhmf sgd l_whl_kkx dw,
sdmcdc ro_bdshld- Sn uhrt_khyd hs) vd b_m odqenql _ bnlo_bsh“b_shnm ne sgd bnnqchm_sdr ’enq
hmrs_mbd uh_ T ′ + _qbs_mT _mc U ′ + _qbs_mU ( sn nas_hm sgd OB ch_fq_l cdohbsdc hm sgd kdes
o_mdk ne “f- 5-1-

Ehm_kkx) mnsd sg_s sghr cdrbqhoshnm hr nmkx sqtd enq dsdqm_k AGr- Sgd OB ch_fq_l ne _ AG sg_s
hr enqldc ax fq_uhs_shnm_k bnkk_ord hr cdohbsdc hm sgd qhfgs o_mdk ne “f- 5-1- Hs hr nas_hmdc ax
fkthmf sgd b_tr_k rsqtbstqd hm sgd _rxlosnshb o_rs ’adenqd sgd bnkk_ord adfhmr _mc sgd ro_bdshld
hr _ooqnwhl_sdkx fi_s( vhsg sgd b_tr_k rsqtbstqd _esdq sgd bnkk_ord sg_s hr fhudm ax sgd rs_shb
Rbgv_qyrbghkc ldsqhb-

5-0-2 Cheedqdms mnshnmr ne gnqhynmr

Sgdqd _qd rdudq_k cheedqdms mnshnmr ne gnqhynmr) rnldshldr bnmetrdc vhsg d_bg nsgdq- @s kd_rs
sgqdd ne sgdl _qd udqx qdkdu_ms enq sgdrd kdbstqdr rdbshnm9 dudms gnqhynm) sq_oohmf gnqhynm) _mc
B_tbgx gnqhynm- Vd vhkk mns mddc sgd oqdbhrd l_sgdl_shb_k enqltk_shnm ne d_bg cd“mhshnm-
Sgd hmsdqdrsdc qd_cdq b_m bgdbj rs_mc_qc FQ annjr nq qduhdv _qshbkdr nm sgd snohb enq lnqd
cds_hkr _mc sgd cd“mhshnmr ne nsgdq sxodr ne gnqhynmr sg_s _qd mns qdkdu_ms enq ntq chrbtrrhnm
’rdd d-f- >453) 454[(- Gnvdudq) hs hr hlonqs_ms sn jddo hm lhmc sgd pt_khs_shud cheedqdmbdr
_lnmf sgdrd cheedqdms sxodr ne gnqhynmr9

¶ Dudms Gnqhynm- Sgd dudms gnqhynm hr sgd antmc_qx ne sgd ro_bdshld qdfhnm sg_s b_mmns
qd_bg hm“mhsx- Sghr hr _ mnm,knb_k cd“mhshnm- Xnt ltrs jmnv sgd etkk l_mhenkc hm nqcdq
sn cd“md sgd dudms gnqhynm-
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Ehftqd 5-19 OB ch_fq_l ne _m dsdqm_k AG ’kdes o_mdk( _mc _ AG enqldc uh_ fq_uhs_,
shnm_k bnkk_ord- Hm sgd dsdqm_k b_rd) sgdqd _qd svn _rxlosnshb qdfhnmr k_adkdc ax sgd
hmcdwdr K)Q- Adrhcdr sgd etstqd dudms gnqhynm  )) sgd dsdqm_k fdnldsqx g_r _krn _
o_rs vghsd gnkd gnqhynm  �-

¶ SqWoohmf gnqhynm- Sgd sq_oohmf gnqhynm hr sgd antmc_qx ne sgd knb_kkx sq_oodc qdfhnm-
Hm rogdqhb_k rxlldsqx) sghr ld_mr sg_s b_tr_k nardqudqr ltrs lnud hm sgd chqdbshnm ne
cdbqd_rhmf _qd_ q_chtr- Enq rs_shb fdnldsqhdr) sgd dudms gnqhynm _mc sgd sq_oohmf gnqhynm
bnhmbhcd-

¶ BWtbgx gnqhynm- @ B_tbgx gnqhynm cdmnsdr sgd dmc ne sgd oqdchbs_ahkhsx ne sgd sgdnqx-
Vd r_x sg_s _ sgdnqx hr oqdchbs_akd vgdm vd b_m fhud hmhsh_k bnmchshnmr nm _ ro_bdkhjd
rkhbd _mc dunkud sgdrd hmhsh_k bnmchshnmr vhsg sgd “dkc dpt_shnmr- Adxnmc sgd B_tbgx
gnqhynm) sgd dunktshnm hr mns tmhptd- Dw_lokdr ne B_tbgx gnqhynmr hmbktcd sgd hmmdq
gnqhynmr ne Jdqq _mc Qdhrrmdq,Mnqcrsqṅl AGr >453[-

Hm sgd k_rs rdbshnm) vd vhkk chrbtrr sgd ro_bdshld ne _ AG enqldc ax fq_uhs_shnm_k bnkk_ord sg_s
du_onq_sdr hm “mhsd shld- @r vd vhkk rdd hm “f- 5-4) sghr hr _m dw_lokd ne _ ro_bdshld vghbg
g_r _kk sgqdd sxodr ne sgd gnqhynmr itrs cdrbqhadc) _mc vd vhkk rdd sg_s _kk sgd gnqhynmr _qd
cheedqdms-

5-0-3 PES nm fiWs roWbdshld

G_uhmf hmsqnctbdc sgd l_hm a_rhb bnmbdosr nm bk_rrhb_k AGr vd vhkk trd) vd mnv g_ud sn
hmsqnctbd rnld _rodbsr ne PES sg_s vdqd mns bnudqdc hm rdbshnm 1- Vd rs_qs eqnl sgd rhlokdrs
onrrhakd b_rd) h-d-) _ eqdd l_rrkdrr rb_k_q “dkc nm fi_s ro_bdshld) vhsg dpt_shnm ne lnshnm

∂µ∂
µφ + . - ’5-01(

Sn pt_mshyd sgd “dkc) vd cdbnlonrd _ fdmdqhb rnktshnm ne sgd JkdhmflFnqcnm dpt_shnm hmsn
onrhshud _mc mdf_shud eqdptdmbx lncdr)

φ +


h

�

‘h eh ) ‘–
h e ∗h



- ’5-02(

vgdqd sgd eh lncdr _qd sgd onrhshud eqdptdmbx nmdr- Enq hmrs_mbd) vd b_m bnmrhcdq ok_md v_udr
enq vghbg

ej⃗ +
0



05πωj

d�hωj s±hj⃗· w⃗ ) ωj + |j⃗|/ . - ’5-03(

Sgd mnql_khy_shnm e_bsnq hr bgnrdm sn l_jd sgd a_rd nqsgnmnql_k vhsg qdrodbs sn sgd rb_k_q
oqnctbs

�

eh ) e i



≡ �h



c2 w⃗


eh∂s e
∗
i � e ∗i ∂s eh



+ δh i - ’5-04(
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Sgd rs_mc_qc bnllts_shnm qdk_shnmr _ookx


‘j⃗) ‘j⃗′


+


‘–
j⃗
) ‘–

j⃗′



+ . )


‘j⃗) ‘
–
j⃗′



+ δ2�j⃗� j⃗′( - ’5-05(

Vd b_m cd“md sgd u_bttl rs_sd _r sgd rs_sd vghbg hr _mmhghk_sdc ax _kk sgd nodq_snqr ‘j⃗

‘j⃗ |.〉 + . ) ’5-06(

_mc sgd rs_sdr bnms_hmhmf o_qshbkdr _r sgnrd nas_hmdc _bshmf vhsg sgd bqd_shnm nodq_snqr ‘–
j⃗
-

Sgd bgnhbd ne sgd u_bttl rs_sd cdodmcr nm sgd shld bnnqchm_sdr vd bgnnrd _r sgd rokhsshmf
ne shld _mc ro_sh_k bnnqchm_sdr hm ’5-03( hr mns tmhptd- Sg_s hr) hs cdodmcr nm sgd nardqudq-
Hm fi_s ro_bdshld sghr hr mns _ ahf oqnakdl _r sgd rs_sd hr hmu_qh_ms tmcdq Onhmb_qd̀ sq_mrenql_,
shnmr- Sgdqdenqd) vghkd sgd bgnhbd ne u_bttl hr mns tmhptd) _kk hmdqsh_k nardqudqr _fqdd nm sgd
cd“mhshnm ne sgd u_bttl- Vd vhkk mnv rdd sg_s sghr hr mn knmfdq sgd b_rd hm btqudc ro_bdshld-
Sghr deedbs hr _qft_akx sgd l_hm cheedqdmbd adsvddm PES hm fi_s _mc btqudc ro_bdshld-

5-0-4 PES nm btqudc roWbdshld

Vd mnv g_ud sn fdmdq_khyd sgd bnmrsqtbshnm ne sgd oqduhntr rdbshnm sn btqudc ro_bdshld- Sgd
“qrs tmbdqs_hmsx bnmrhrsr ne sgd fdmdq_khy_shnm ne sgd dpt_shnm ne lnshnm ’5-01(- Vd bnmrhcdq
sgd rhlokdrs onrrhahkhsx) m_ldkx) oqnlnshmf o_qsh_k sn bnu_qh_ms cdqhu_shudr9

fµµ∇µ∇µφ + . - ’5-07(

@ lnqd bqtbh_k tmbdqs_hmsx bnmbdqmr sgd rokhs hmsn onrhshud _mc mdf_shud lncdr) _r hm fdmdq_k
sgdqd hr mn oqhuhkdfdc rds ne nardqudqr- He sgd ro_bdshld hr rs_shnm_qx) h-d-) sgdqd hr _m dudqxvgdqd,
cd“mdc shldkhmd jhkkhmf udbsnq ξ) vd b_m bgnnrd sgd cdbnlonrhshnm _bbnqchmf sn rtbg mnshnm
ne shld)

φ +


h

‘h eh ) ‘–
h e ∗h ) ’5-08(

vgdqd eh hr _ a_rhr bgnrdm rtbg sg_s

ξµ∇µ eh + �hωh eh ) vhsg ωh / . - ’5-1.(

Vd b_m fn nm _mc cd“md sgd u_bttl rs_sd) sgd ltksh,o_qshbkd rs_sdr) _mc sgd rb_k_q oqnctbs
_lnmf rs_sdr hm sgd r_ld v_x hs v_r cnmd enq fi_s ro_bdshldr- Sn cd_k vhsg mnm,rs_shnm_qx
ro_bdshldr) vd l_jd trd ne sgd e_bsr sg_s ’h( lnrs ogxrhb_kkx qdkdu_ms rbdm_qhnr _qd _ooqnw,
hl_sdkx rs_shnm_qx hm sgd e_q o_rs _mc e_q etstqd) _mc ’hh( sgd cxm_lhbr hr knb_khydc hm rnld
hmsdqldch_sd sq_mrhdms- He sg_s hr sgd b_rd) vd b_m cd“md hm _mc nts rs_sdr enq sgd svn _rxlo,
snshb qdfhnmr- Enq sgd hm qdfhnm

φ +


h

‘hm
h e hm

h ) ‘–hm
h e hm∗

h ) ’5-10(

vghkd enq sgd nts qdfhnm
φ +



h

‘nts
h e nts

h ) ‘–nts
h e nts∗

h ) ’5-11(

Sgdrd svn a_rdr b_m ad qdk_sdc sn d_bg nsgdq hmsqnctbhmf sgd Anfnkxtanu bnde“bhdmsr-

e nts
h +



i



�h i e
hm
i ) βh i e

hm∗
i



- ’5-12(

Fhudm sgd nqsgnmnql_khsx ne sgd lncdr) vd b_m dwsq_bs sgd Anfnkxtanu bnde“bhdmsr ax odq,
enqlhmf sgd _ooqnoqh_sd rb_k_q oqnctbsr

�h i +


e nts
h ) e hm

i



) βh i + �


e nts
h ) e hm∗

i



’5-13(
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Sgd nqsgnmnql_khsx ne e nts
h b_m ad trdc sn oqnud sgd enkknvhmf qdk_shnmr _lnmf sgd Anfnkxtanu

bnde“bhdmsr9


j

��hj�
∗
ij � βhjβ

∗
ij( + δh i )



j

��hjβ ij � βhj� ij( + . ) ’5-14(

nq) he sgd hmcdwdr b_m u_qx bnmshmtntrkx)


cω�ω0ω′�ω1ω′ � βω0ω′βω1ω′∗ + δ�ω0 �ω1( - ’5-15(

Sgd |hm〉 u_bttl rs_sd hr sgd rs_sd _mmhghk_sdc ax _kk sgd cdrsqtbshnm nodq_snqr ‘hm
h vghkd sgd

|nts〉 hr _mmhghk_sdc ax sgd nodq_snqr ‘nts
h

‘hm
h |hm〉 + . ‘nts

h |nts〉 + . - ’5-16(

Vd b_m mnv _rj vg_s hr sgd mtladq ne o_qshbkdr hm sgd u_bttl |hm〉 rs_sd _r rddm ax _m nardqudq
hm sgd nts qdfhnm- Sn sghr dmc) vd itrs mddc sn du_kt_sd sgd dwodbs_shnm u_ktd ne sgd o_qshbkd
mtladq nodq_snq hm sgd |hm〉 rs_sd

}hm|Mnts
h |hm〉 + }hm| ‘nts–

h ‘nts
h |hm〉 - ’5-17(

Mdws) vd g_ud sn dwoqdrr sgd nts nodq_snqr hm sdqlr ne sgd hm nodq_snqr- Sn sghr dmc) vd b_m
rhlokx odqenql sgd rb_k_q oqnctbs

�

φ) e nts
h



trhmf ’5-10() ’5-11( _mc ’5-13(- Vd nas_hm

‘nts
h +



i

�h i ‘
hm
i � β∗

h i ‘
hm–
i - ’5-18(

Hs hr mnv rsq_hfgsenqv_qc sn du_kt_sd ’5-17( sn fds

}hm| ‘nts–
h ‘nts

h |hm〉 +


i



βh i





1
- ’5-2.(

Sgdqdenqd) he β ̸+ .) h-d-) he nts _mc hm nardqudqr cn mns _fqdd nm sgd cd“mhshnm ne onrhshud _mc
mdf_shud eqdptdmbx lncdr) sgd u_bt_ enq sgd hm _mc nts qdfhnmr _qd cheedqdms-

Sghr bnmbktcdr sgd bnmsdms ne sghr rdbshnm- Adenqd lnuhmf sn sgd enkknvhmf rdbshnm) vd
hmuhsd sgd qd_cdqr sn onmcdq nm sgd ptdrshnm adknv-

Ptdrshnm enq sgd qdWcdqr-

Vd g_ud rddm sg_s sgdqd hr mn o_qshbkd oqnctbshnm enq rs_shnm_qx ro_bdshldr- Gnvdudq)
xnt _qd oqna_akx _v_qd sg_s rs_shnm_qx _mc rs_shb AGr dlhs o_qshbkdr ctd sn G_vjhmf
q_ch_shnm ’vghbg vhkk ad sgd snohb ne sgd mdws rdbshnm(- Hr sghr hm bnmsq_chbshnm vhsg vg_s
vd g_ud chrbtrrdc rn e_q;

5-1 GWvjhmf qWchWshnm

Vd mnv g_ud sgd mdbdrr_qx snnkr sn bnlotsd sgd q_ch_shnm dlhssdc ax _ Rbgv_qyrbghkc AG uh_
sgd G_vjhmf deedbs- Vd vhkk rs_qs ax oqnuhchmf _ gdtqhrshb _qftldms sg_s hr vhcdroqd_c ctd sn
hsr rhlokhbhsx- Vd vhkk sgdm chrbtrr _ lnqd qhfnqntr cdqhu_shnm ne sgd ogdmnldmnm vghbg vhkk
ghfgkhfgs sgd khlhs_shnmr ne sgd gdtqhrshb _qftldms-
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5-1-0 Gdtqhrshb cdqhuWshnm

G_vjhmf du_onq_shnm b_m ad gdtqhrshb_kkx tmcdqrsnnc ax knnjhmf _s sgd u_bttl fitbst_shnmr ne
pt_mstl “dkcr md_q sgd AG gnqhynm- Hm PES) sgd u_bttl hr mns dlosx) ats dwghahsr sdlonq_qx
o_qshbkd,_msho_qshbkd o_hq oqnctbshnm sg_s b_m _qhrd _mxvgdqd) hmbktchmf hm sgd oqnwhlhsx ne sgd
gnqhynm-

Md_q sgd gnqhynm) hmsdmrd shc_k enqbdr b_m rdo_q_sd sgd o_hqr vhsg nmd bnmrshstdms e_kkhmf
hmsn sgd AG) vghkd sgd nsgdq drb_odr sn hm“mhsx- O_qshbkdr drb_ohmf sn hm“mhsx adbnld qd_k na,
rdqu_akd o_qshbkdr vhsg onrhshud dmdqfx) vghkd sgdhq o_qsmdq e_kkhmf hmsn sgd AG vhkk g_ud mdf_shud
dmdqfx ’_r ld_rtqdc eqnl _m dwsdqm_k nardqudq( _mc e_kk hmsn sgd rhmftk_qhsx- Sgd mdf_shud dm,
dqfx ne sgd hme_kkhmf o_qshbkd hlokhdr sg_s sgd l_rr ne sgd AG rgqhmjr _r _ bnmrdptdmbd ne sghr
oqnbdrr- Etqsgdqlnqd) sgd o_qshbkd o_hqr _qd l_whl_kkx dms_mfkdc- Sgtr sgd q_ch_shnm qd_bg,
hmf hm“mhsx vhkk g_ud k_qfd dmsqnox- @m _rxlosnshb nardqudq vntkc rdd sghr oqnbdrr _r o_qshbkd
dlhrrhnm eqnl sgd AG gnqhynm-

Sghr gdtqhrshb ohbstqd b_ostqdr rnld hmsdqdrshmf qdrtksr sg_s vd vhkk bnm“ql k_sdq nm- Gnv,
dudq) hs e_kkr rgnqs hm _ mtladq ne v_xr- Sgd lnrs bkd_q hmchb_shnm ne sgd e_hktqd ne sghr cd,
rbqhoshnm hr sgd e_bs sg_s hs rddlr sn ad _ookhb_akd sn rs_shb ro_bdshldr- Gnvdudq) _r rddm hm sgd
oqduhntr rdbshnm) rs_shb ro_bdshld b_mmns g_ud _mx o_qshbkd oqnctbshnm-

Hm sgd qdl_hmcdq ne sghr rdbshnm) vd vhkk oqnuhcd _ oqnodq cdqhu_shnm ne G_vjhmf q_ch_shnm-
Hm rdbshnm 5-2 vd vhkk chrbtrr sgd khlhs_shnmr ne sghr gdtqhrshb _qftldms lnqd bnmbhrdkx-

5-1-1 FqWuhsWshnmWk bnkkWord

Vd _qd mnv fnhmf sn _mrvdq sgd ptdrshnm _rjdc _s sgd dmc ne sgd oqduhntr rdbshnm- He rs_,
shnm_qx ro_bdshldr b_mmns oqnctbd o_qshbkdr) gnv cn vd dwok_hm sgd ogdmnldmnm ne G_vjhmf
q_ch_shnm; Sgd _mrvdq hr sg_s) cdrohsd sgd Rbgv_qyrbghkc fdnldsqx adhmf rs_shb) AGr _qd mns
rs_shb ’mnq rs_shnm_qx enq sgd qns_shmf b_rd( ro_bdshldr- Hm e_bs) AG _qd oqnctbdc cxm_lhb_kkx
uh_ fq_uhs_shnm_k bnkk_ord _mc _qd cdrbqhadc ax sgd Rbgv_qyrbghkc rnktshnm nmkx _s k_sd shldr-
G_vjhmf q_ch_shnm hr ctd sn sgd shld,cdodmcdmbd ne sgd fdnldsqx) _mc hs hr nas_hmdc bnmrhcdq,
hmf _ fq_uhs_shnm_k bnkk_ord hm vghbg sgd fdnldsqx dunkudr cxm_lhb_kkx eqnl _ ro_bdshld sg_s
bknrdkx qdrdlakdr Lhmjnvrjh sn Rbgv_qyrbghkc- Sgd _m_kxrhr ne dsdqm_k AGr hr mnm,sqhuh_k _mc
qdpthqdr _ cdchb_sdc _m_kxrhr sg_s vhkk ad sgd rtaidbs ne sgd mdws rdbshnm-

Sgd cds_hkr ne sgd bnkk_ord b_m bnlokhb_sd sgd cds_hkr ne sgd chrbtrrhnm- Gnvdudq) vd vhkk
_qftd sg_s sgd k_sd shld fitw ne q_ch_shnm ’vghbg hr vg_s vd v_ms sn chrbtrr( g_r _ tmhudqr_k
adg_uhnq- Sgdqdenqd) vd vhkk bnmrhcdq _ udqx hcd_khydc rdsshmf hm vghbg sgd bnkk_orhmf l_ssdq
hr lncdkdc ax _ rhmfkd mtkk rgdkk- Sgd OB ch_fq_l ne sgd qdrtkshmf ro_bdshld hr cdohbsdc hm
“f- 5-2-

@r btrsnl_qx) vd cdmnsd ax u sgd mtkk bnnqchm_sd nm  �- Sgd rgdkk hr _s

u + u. + bnmrs- - ’5-20(

Vd cdbnlonrd sgd rb_k_q “dkc hmsn rogdqhb_k g_qlnmhbr

φ +


k)l

φkl�s) q(
q

X k
l�θ )ϕ( - ’5-21(

Enq u < u. sgd ro_bdshld hr fi_s

cr1 + �cthmcu ) q1cΩ1 ) ’5-22(

_mc sgd v_ud dpt_shnm qd_cr ’cqnoohmf sgd {k)l{ rtarbqhos(

∂ φ

∂ s1
)

∂ φ

∂ q∗1
)

k�k ) 0(
q1

φ + . - ’5-23(
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Ehftqd 5-29 Mtkk rgdkk bnkk_orhmf hmsn _ AG _s u + u.- Mnsd sg_s sgd dudms gnqhynm
enqlr _s u + uG vhsg uG < u.- Hm nsgdq vnqcr) hs enqlr hm sgd Lhmjnvrjh qdfhnm
rgnvhmf sg_s sgdqd hr mn knb_k nardqu_akd sg_s b_m cdsdqlhmd sgd oqdrdmbd ne _m dudms
gnqhynm- Mnsd sg_s enq sgd bk_qhsx ne sgd ohbstqd sgd k_adkr ± _qd nlhssdc-

Kds tr mnv bnmrhcdq sgd onqshnm ne ro_bdshld vhsg u / u.- Sgd ldsqhb hr fhudm ax sgd Rbgv_qy,
rbghkc AG

cr1 + �


0�
1FM L

q



ctntscu ) q1cΩ1 ) ’5-24(

sgd v_ud dpt_shnm qd_cr ’cqnoohmf sgd {k)l{ rtarbqhos(

∂ φ

∂ s1
)

∂ φ

∂ q∗1
)


0�
1FM L

q



k�k ) 0(
q1

)
1FM L

q2



φ + . - ’5-25(

Vd vhkk bnmrhcdq _ rhlokd _ooqnwhl_shnm hm vghbg sgd onsdmsh_k sdql hr rds sn ydqn- Sghr _o,
oqnwhl_shnm b_m _ood_q udqx bqtcd- Gnvdudq) lnrs ne sgd ogxrhbr vhkk ad a_rdc nm deedbsr udqx
bknrd sn sgd gnqhynm nq _s _rxlosnshb chrs_mbdr- Hm ansg qdfhnmr sgd onsdmsh_k hr _ooqnwhl_sdkx
ydqn) sgtr hs hr qd_rnm_akd sn dwodbs sg_s sghr _ooqnwhl_shnm b_ostqdr sgd l_hm ogxrhb_k deedbsr-
Vd _qd fnhmf sn pthbjkx chrbtrr sgd deedbsr ne sghr sdql k_sdq nm-

Hm sgd Lhmjnvrjh qdfhnm) sgd rnktshnm ne sgd v_ud dpt_shnm hm sghr qdfhnm b_m ad cdbnl,
onrdc hmsn kdes,fnhmf _mc qhfgs,fnhmf lncdr- Nm  � _ a_rd ne lncdr hr fhudm ax sgd kdes,fnhmf
lncdr _rrnbh_sdc vhsg bnmrs_ms u nardqudqr

e hm
ω +

0
3π


ω

d�hωu - ’5-26(

Sgdqd _qd _krn qhfgs fnhmf lncdr sg_s _qd nas_hmdc ax qdfidbshmf sgd lncdr _bqnrr q + .) vhsg
sgd qdftk_qhsx antmc_qx bnmchshnm φ�q + .( + .-

Hm sgd Rbgv_qyrbghkc qdfhnm) vd _f_hm trd ok_md v_ud _r _ a_rd enq sgd rs_sd- @s  ) vd
_qd hmsdqdrsdc hm sgd qhfgs,fnhmf lncdr013

e nts
ω +

0
3π


ω

d�hωtnts
- ’5-27(

013Mnsd sg_s) bnmsq_qx sn  �)  ) hr mns _ B_tbgx gxodqrtqe_bd- Sn ad bnlokdsd) vd rgntkc hmbktcd sgd kdes,fnhmf
lncdr _s sgd gnqhynm _r vdkk- Gnvdudq) sgdrd lncdr _qd mns uhrhakd enq _m _rxlosnshb nardqudq) vghbg hr vg_s vd
_qd hmsdqdrsdc hm-
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Eqnl sgd chrbtrrhnm ne sgd mdws rdbshnm) hs enkknvr sg_s nardqudqr _s � _mc ) rdd svn cheedqdms
u_bttl rs_sdr) adb_trd ne sgd shld cdodmcdmbd ne sgd fdnldsqx- Hs rgntkc _krn ad bkd_q sg_s
vd b_m qdk_sd sgd svn u_bt_ ax bnlotshmf sgd Anfnkxtanu bnde“bhdmsr � _mc β cd“mdc _r

�ωω′ + � e nts
ω′ ) e hm

ω ( + �h



 �
cq q1

�

e nts
ω ∂u e hm∗

ω′ � e hm∗
ω ∂u e nts

ω′



) ’5-28(

βωω′ + �� e nts
ω ) e hm∗

ω′ ( + h



 �
cq q1

�

e nts
ω ∂u e hm

ω′ � e nts
ω ∂u e hm

ω′



- ’5-3.(

@esdq hmsdfq_shmf ax o_qsr) vd fds

�ωω′ + �1h



 �
cq q1 e hm

ω ∂u e nts
ω′ ) βωω′ + 1h



 �
cq q1 e hm

ω ∂u e nts
ω′ - ’5-30(

Hm sgd mdws rtardbshnmr) vd vhkk chrbtrr gnv sn du_kt_sd sgdrd hmsdfq_kr- Sgdrd vhkk fhud tr _kk
sgd hmfqdchdmsr sg_s vd mddc sn nas_hm sgd qdrtks ne o_qshbkd oqnctbshnm ax AGr-

5-1-2 SqWbhmf sgd nts lncd nm  �

Sn du_kt_sd sgd hmsdfq_kr ’5-30() vd mddc sn cdsdqlhmd sgd adg_uhnq ne sgd e nts
ω rs_sdr nm  �-

Sn sghr dmc) vd mddc sn oqno_f_sd sgd nts lncdr a_bj hm shld rs_qshmf eqnl  ) sn  �- Sghr hr
rbgdl_shb_kkx dwok_hmdc hm “f- 5-3 _mc hs hr pthsd d_rx sn cn enq sgd rdsto tmcdq bnmrhcdq_shnm
ne _ AG enqldc ax sgd bnkk_ord ne _ rhmfkd mtkk rgdkk- Hm e_bs) sgd lncdr oqno_f_sd eqddkx ansg hm
sgd Rbgv_qyrbghkc _mc hm sgd Lhmjnvrjh qdfhnm- Vd nmkx mddc sn rstcx sgd l_sbghmf bnmchshnm
_knmf sgd u + u. gxodqrtqe_bd _mc sgd qdfidbshnm _s q + .-

Ehftqd 5-39 Rbgdl_shb qdoqdrdms_shnm ne sgd sq_bhmf ne _ lncd eqnl  ) sn  �- Vd
rs_qs eqnl _ lncd md_q  ) ’@(- Sgd lncd oqno_f_sdr eqddkx sn sgd o_rs to sn sgd
onhms sgd onrhshnm ne sgd rgdkk ’A(- Sgd itmbshnm bnmchshnmr _qd trdc sn nas_hm sgd
lncd _s sgd nsgdq rhcd ne sgd rgdkk ’B(- Sgd lncd oqno_f_sdr eqddkx to sn q + . ’C(
vgdqd hs hr qdfidbsdc ’D(- Ehm_kkx) sgd lncdr eqddkx oqno_f_sd nmbd _f_hm tmshk  � ’E(-
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LWsbghmf Ws sgd rgdkk- Kds tr rs_qs ax l_sbghmf sgd lncdr _s sgd mtkk rgdkk- Sgd enql ne sgd
lncd qdl_hmr tmbg_mfdc vghkd vd sq_bd hs a_bj sn sgd rgdkk- Itrs adenqd sgd rgdkk) sgd nts
lncd hr fhudm ax

e nts
ω +

0
3π


ω

d�hωtnts�thm( - ’5-31(

Vd b_m nas_hm sgd lncd ax dwoqdrrhmf sgd mtkk bnnqchm_sd tnts hm sdqlr ne thm- Sn sghr dmc)
vd qdlhmc sg_s sgd q_ch_k bnnqchm_sd q hr bnmshmtntr _s sgd rgdkk >455[- Hm sgd Rbgv_qyrbghkc
qdfhnm) vd g_ud

q∗ + q ) 1FM L km









q
1FM L

� 0









+
u. � tnts

1
) ’5-32(

vghkd hm sgd Lhmjnvrjh qdfhnm)

q +
u. � thm

1
- ’5-33(

Bnlahmhmf sgdrd svn qdk_shnmr) vd fds

tnts + thm � 3FM L km









u. � 3FM L � thm

3FM L









- ’5-34(

Eqnl sghr qdk_shnm) vd b_m _krn “mc sgd onrhshnm ne sgd dudms gnqhynm- Hm e_bs) sgd dudms gnqhynm
hr _s tnts + )∞- Eqnl ’5-34( vd fds

thm
G + u. � 3FM L - ’5-35(

Vd b_m _krn cdsdqlhmd sgd u_ktd ne uG oqduhntrkx cd“mdc trhmf sgd qdk_shnm _m_knfntr ne ’5-33(
enq thm

G _s q + .) nas_hmhmf
uG + u. � 3FM L - ’5-36(

Qdfidbshnm Ws q + .- Vd mnv mddc sn cdsdqlhmd sgd qdfidbshnm _s q + . hm nqcdq sn oqno_f_sd
sgd lncdr tmshk  �- Vd rs_qs ax mnshbhmf sg_s _s q + . _ kdes,fnhmf lncd adbnldr _ qhfgs,fnhmf
lncd- Etqsgdqlnqd) vd ltrs hlonrd sgd qdftk_qhsx bnmchshnm _s q + .

φ�q + .( + . - ’5-37(

Sgdqdenqd) sgd kdes,fnhmf lncd hr nas_hmdc eqnl sgd qhfgs,fnhmf lncd ax qdok_bhmf thm vhsg u
_mc bg_mfhmf sgd nudq_kk rhfm-

e nts
ω + �

0
3π


ω

d�hωtnts �u(θ �u � uG( ) ’5-38(

vgdqd tnts �u( hr nas_hmdc eqnl ’5-34( ax qdok_bhmf thm → u)

tnts + u � 3FM L km









uG � u
3FM L









) ’5-4.(

_mc sgd Jqnmdbjdq cdks_ dmb_ortk_sdr sgd e_bs sg_s sgd qdfidbshnm _s q + . hr nmkx onrrhakd enq
u < uG - Hm e_bs) sgd kdes,fnhmf lncdr enq u / uG dmsdq sgd AG _mc _esdq sgd qdfidbshnm _s q + .
qd_bg sgd rhmftk_qhsx) mns  )-

@s d_qkx shldr) tnts → �∞) _mc ’5-4.( hlokhdr tnts ≈ u- Sgdqdenqd) sgdqd hr mn o_qshbkd
oqnctbshnm _r sgd nts lncdr l_sbg sgd hm lncdr e nts

ω ≈ e hm
ω - @s k_sd shldr) tnts → �∞) vd

g_ud u → uG _mc

tnts ≈ uG � 3FM L km









uG � u
3FM L









- ’5-40(

Sgd nts lncdr _qd hm“mhsdkx aktdrghesdc _mc sgdqd hr mnm,sqhuh_k o_qshbkd oqnctbshnm-
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5-1-3 OWqshbkd mtladq nm  )

Vd mnv g_ud _kk sgd hmfqdchdmsr sn bnlotsd sgd hmsdfq_kr hm ’5-30(- Sgd etkk bnlots_shnm hr
rsq_hfgsenqv_qc _mc b_m ad bgdbjdc) d-f-) hm >451[- Gdqd) vd itrs oqnuhcd _ qdk_shnm _lnmf
sgd bnde“bhdmsr sg_s vd mddc9

|�ωω′ | + d3FM Lω |βωω′ | - ’5-41(

He vd vdqd sn bnlotsd sgd dwodbs_shnm mtladq trhmf _ bnmshmtntr u_qxhmf ω vd vntkc fds
_m hm“mhsd qdrtks- Sghr hr adb_trd vd _qd bnmrhcdqhmf _ AG sg_s hr dlhsshmf enq hm“mhsd shld-
Sgdqdenqd) sgd sns_k dlhssdc mtladq ne o_qshbkdr hr hm“mhsd- Sn _unhc sgd hm“mhsd qdrtks) vd
b_m qdok_bd sgd ok_md v_udr vhsg v_ud o_bjdsr rg_qokx od_jdc _s ω) rn sg_s ω b_m _rrtld _
chrbqdsd rds ne u_ktdr- Vd b_m mnv trd sgd oqnodqsx ne sgd Anfnkxtanu bnde“bhdmsr hm ’5-13(



ω′

�ωω′�∗
ω′′ω′ � βωω′β∗

ω′′ω′ + δωω′′ ) ’5-42(

sn vqhsd


ω′

|�ωω′ |1 � |βωω′ |1 +
�

d7FM Lω � 0




ω′

|βωω′ |1 + 0 ) ’5-43(

rn vd fds

Mnts
ω +

0
d7πFM Lω � 0

- ’5-44(

Bnlo_qhmf vhsg sgd Ok_mbj chrsqhatshnm ne sgdql_k q_ch_shnm enq anrnmr

0
dω<jAS � 0

) ’5-45(

vd nas_hm sg_s AGr dlhs o_qshbkdr enkknvhmf _ sgdql_k rodbsqtl vhsg sdlodq_stqd ’qdhmrs_shmf
enq sgd lnldms ħg _mc b(

S +
ħgb2

7πjAFM L
- ’5-46(

Qd_cdqr _qd dmbntq_fdc sn _ooqdbh_sd sgd ad_tsx ne sghr dpt_shnm sg_s bnms_hmr m_stq_k bnm,
rs_msr sg_s trt_kkx _qhrd hm cheedqdms rdbsnq ne ogxrhbr ’sgd Ok_mbj bnmrs_ms) sgd roddc ne khfgs)
sgd Anksyl_mm bnmrs_ms _mc Mdvsnm%r bnmrs_ms() rgnvhmf sg_s sghr dpt_shnm sqtkx bnmmdbsr
etmc_ldms_k oqhmbhokdr ne m_stqd _bqnrr chudqrd ogxrhb_k cnl_hmr- Hs hr hmrsqtbshud sn hmrdqs sgd
u_ktdr ne sgd bnmrs_msr sn nas_hm sgd sdlodq_stqd hm Jdkuhm- Vd fds

S ≈ 0.�6


L⊙

L



J) ’5-47(

vgdqd L⊙ hr sgd l_rr ne sgd rtm- Vd b_m rdd sg_s rnk_q l_rr AGr g_ud _m dwsqdldkx knv
sdlodq_stqd sg_s hr dudm ltbg knvdq sg_m sg_s ne sgd BLA q_ch_shnm ’qdb_kk sg_s SBLA ≈ 1-6
J-

5-1-4 SgdqlWk rsWsd nm  )

Sgd e_bs sg_s sgd rodbsqtl enkknvr sgd sgdql_k chrsqhatshnm enq ognsnmr cndr mns hlokx sg_s
sgd q_ch_shnm hr sgdql_k- Sn oqnud sg_s sgd q_ch_shnm hr sqtkx sgdql_k) vd mddc sn oqnud sg_s
sgdqd hr mn bnqqdk_shnm _lnmf lncdr9

}hm|Mnts
ω Mnts

ω′ |hm〉 + }hm|Mnts
ω |hm〉 }hm|Mnts

ω′ |hm〉 ) enqω ̸+ ω′ - ’5-48(
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Sghr qdk_shnm) _r vdkk _r rhlhk_q qdk_shnmr enq ghfgdq,nqcdq lncdr b_m ad dwokhbhskx bgdbjdc vhsg
b_kbtk_shnmr udqx rhlhk_q sn sgd nmd itrs odqenqldc ’rdd d-f- >451[(- Sgd rs_sd hr) sgdqdenqd)
sqtkx sgdql_k _mc ltrs ad cdrbqhadc hm sdqlr ne _ cdmrhsx l_sqhw-Hm nsgdq vnqcr) hs b_mmns ad
cdrbqhadc ax _ otqd rs_sd-

5-1-5 Qnkd ne sgd onsdmshWk

Kds tr mnv chrbtrr sgd qnkd ne sgd onsdmsh_k sg_s vd g_ud hfmnqdc- Sghr sdql vhkk bg_mfd sgd
sq_bhmf ne sgd lncdr eqnl  ) sn  �- Vd vhkk mns odqenql _ oqdbhrd bnlots_shnm) ats vd b_m
_ccqdrr sghr oqnakdl vhsg rnld rhlokd bnmrhcdq_shnmr sg_s kd_c sn sgd bnqqdbs qdrtks- @ enql_k
b_kbtk_shnm b_m ad entmc hm rdudq_k annjr nm sgd snohb ’rdd) d-f-) >450)451[(-

Vd rs_qs ax mnshbhmf sg_s _ lncd _ooqn_bghmf sgd AG hr aktdrghesdc vghkd lnuhmf eqnl
 � sn q ∼ 1FM L ) _mc sgdm qdcrghesdc lnuhmf eqnl q ∼ 1FM L sn  �- Hm _ rs_shb bnm“ftq_,
shnm) sgdrd deedbsr vntkc b_mbdk- Enq _ bnkk_orhmf fdnldsqx) sgd qdcrghes dwbddcr sgd aktdrghes-
Hm o_qshbtk_q) he _m dudms gnqhynm enqlr) sgd qdcrghes hr _qahsq_qhkx k_qfd) vghkd sgd aktdrghes
hr “mhsd- Sgd eqdptdmbx ne sgd lncdr nm  ) hr jmnvm adb_trd sgd q_ch_shnm enkknvr _ sgdq,
l_k chrsqhatshnm vhsg sdlodq_stqd fhudm ax ’5-46(- Hm o_qshbtk_q) sghr eqdptdmbx _s  ) hr mns
_qahsq_qhkx rl_kk- Sq_bhmf sgd lncdr a_bj nm  �) vd qd_khyd sg_s sgd hmhsh_k eqdptdmbx ltrs
g_ud addm dwsqdldkx k_qfd sn bnlodmr_sd enq sgd _qahsq_qx k_qfd qdcrghes- Sghr hr qdedqqdc sn
_r sgd sq‘mr,Ok‘mbjh‘m oqnakdl) _mc bnmrshstsdr _m hrrtd _r sgd bnlots_shnm hr odqenqldc hm
_ rdlhbk_rrhb_k cdrbqhoshnm vghkd Ok_mbjh_m rb_kd ogxrhbr lhfgs ad qdpthqdc- Gnvdudq) he vd
hfmnqd sghr hrrtd) sgd udqx k_qfd eqdptdmbx rhlokh“dr sgd bnlots_shnm- Hm e_bs) hs sdkkr tr sg_s
vd b_m trd sgd fdncdrhb _ooqnwhl_shnm- Sghr hlokhdr sg_s sgd “m_k qdrtks cndr mns rsqnmfkx
cdodmc nm sgd fdnldsqx adenqd sgd bnkk_ord _mc hs hr tmhudqr_k- Etqsgdqlnqd) sgd qdfidbshnm
bnde“bhdms ltrs ad ydqn- Rn sgd deedbs ne sgd onsdmsh_k sdql cndr mns hmfitdmbd sgd qdrtks hm
sghr qdfhnm- Mnv bnmrhcdq sgd oqno_f_shnm ne sgd lncdr bknrd sn sgd dudms gnqhynm- Hm sgd
Lhmjnvrjh qdfhnm) sgd fdncdrhb _ooqnwhl_shnm gnkcr- Hm sgd Rbgv_qyrbghkc qdfhnm) sgd onsdm,
sh_k u_mhrgdr- Sgdqdenqd) sgd nmkx mnm,sqhuh_k bnmsqhatshnm ne sgd onsdmsh_k hr ctd sn sgd e_bs
sg_s vgdm sgd lncdr qd_bg sgd l_whltl ne sgd onsdmsh_k _s q ∼ 2FM L ) _ eq_bshnm ne sgdl
vhkk ad a_bjrb_ssdqdc _mc e_kk hmsn sgd AG- Sghr hr sgd deedbs ne cdokdshmf sgd _rxlosnshb qdfhnm
ne _ eq_bshnm ne sgd lncdr 0� �ωk ) vgdqd �ωk hr sgd sq_mrlhrrhnm bnde“bhdms- Vd fds

Mnts
ω +

�ωk

d7πFM Lω � 0
- ’5-5.(

Sgdqdenqd sgd rodbsqtl hr mns etkkx sgdql_k- Sgd bnde“bhdms �ωk fndr ax sgd m_ld ne fq_x,ancx
e_bsnq- Vd b_m rshkk bnmrhcdq sgd q_ch_shnm sgdql_k hm sgd rdmrd sg_s hs hr sgd r_ld rodbsqtl vd
vntkc rdd he sgd AG v_r qdok_bdc ax _ sgdql_k rntqbd vhsgnts bg_mfhmf sgd onsdmsh_k- Mnsd)
gnvdudq) sg_s sgd q_ch_shnm hr mns dlhssdc eqnl sgd gnqhynm-

Ptdrshnm enq sgd qdWcdqr-

Vd g_ud itrs rgnvm sg_s sgd otqd |hm〉 rs_sd nm  � dunkudr hmsn _ sgdql_k rs_sd nm  )-
Gnvdudq) _ tmhs_qx dunktshnm rgntkc dunkud otqd rs_sdr hmsn otqd rs_sdr- Hr sghr qdrtks
o_q_cnwhb_k�oqnakdl_shb;

Vd vhkk _mrvdq sghr ptdrshnm hm rdbshnm 5-3- Vghkd sgd _mrvdq lhfgs _ood_q udqx rhlokd ’sgd
shskd ne rdbshnm 5-3 hr zHmenql_shnm knrr oqnakdl•() qd_cdqr _qd dmbntq_fdc sn _bst_kkx sghmj
_ants sghr ptdrshnm _r sgd _mrvdq hr mns _r sqhuh_k _r hs lhfgs rddl-
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5-2 PtWmstl rsqdrr,dmdqfx sdmrnq

Hm sgd rstcx ne pt_mstl deedbsr hm fdmdqhb ro_bdshldr) hs hr dwsqdldkx trdetk sn cd“md _ mnshnm
ne _ pt_mstl rsqdrr,dmdqfx sdmrnq- Fhudm _ “dkc φ hm _ fdmdqhb rs_sd |ψ〉 _mc _ rsqdrr,dmdqfx
sdmrnq Sµµ cd“mdc _r

Sµµ +
0


�f

δRφ
δfµµ

) ’5-50(

vd bnmrhcdq sgd dwodbs_shnm u_ktd ne sgd rsqdrr,dmdqfx sdmrnq nm sgd rs_sd |ψ〉)

}ψ| Śµµ |ψ〉 - ’5-51(

Sghr pt_mshsx hr bqtbh_k sn rstcxhmf sgd fq_uhs_shnm_k cxm_lhbr hm qdfhldr vgdqd sgd pt_mstl
m_stqd ne sgd fq_uhs_shnm_k “dkc b_m ad hfmnqdc) ats sgd pt_mstl m_stqd ne sgd l_ssdq “dkcr
ok_xr _m hlonqs_ms qnkd- Hm e_bs) vd b_m bnmrhcdq sgd rdlhbk_rrhb_k Dhmrsdhm dpt_shnmr

Fµµ + 7πFM S bk
µµ ) 7πFM }ψ| Śµµ |ψ〉 - ’5-52(

vghbg _qd dwodbsdc sn oqnuhcd _ “qrs _ooqnwhl_shnm enq sgd cxm_lhbr ne _ sgdnqx ne PF- @r vd
vhkk rdd) dudm hm sgd sdrs “dkc _ooqnwhl_shnm vd b_m kd_qm u_kt_akd kdrrnmr eqnl sgd dwoqdrrhnm
ne sgd rsqdrr,dmdqfx sdmrnq- Hm o_qshbtk_q) vd vhkk chrbtrr sgd _mrvdq sn svn bqtbh_k ptdrshnmr-

0- Vd g_ud rddm sg_s G_vjhmf q_ch_shnm hr _ “mhsd fitw ne dmdqfx _s hm“mhsx sg_s bnmshmtdr
enqdudq ’nq enq _ udqx knmf shld he vd hmbktcd a_bjqd_bshnm(- Gnvdudq) _s sgd gnqhynm _kk
sghr dmdqfx ohkdr to hm _ qdfhnm sg_s hr bqnrrdc ax _m hme_kkhmf nardqudq hm _ udqx rgnqs
shldrb_kd- Cndr hs ld_m sg_s _m hmbnlhmf nardqudq vhkk ld_rtqd _m hm“mhsd mtladq ne
o_qshbkdr _mc hm“mhsd dmdqfx;

1- Sgd AG dlhsr dmdqfx _s hm“mhsx- B_m dmdqfx ad bnmrdqudc;

5-2-0 Svn,chldmrhnmWk akWbj gnkdr

Kds tr mnv rgnv sg_s sgd svn,chldmrhnm_k rsqdrr,dmdqfx sdmrnq bnqqdronmcr sn sgd r,v_ud
_ooqnwhl_shnm enq _ rogdqhb_kkx rxlldsqhb ro_bdshld- Sgd bk_rrhb_k _bshnm enq _ eqdd rb_k_q
“dkc hm entq chldmrhnmr qd_cr

R +



c3w


�f�3(


�
0
1

�∇φ(1


- ’5-53(

Sgd khmd dkdldms hr
cr1 + f‘acw‘cw a ) q1cΩ1 - ’5-54(

Sgd “dkc φ b_m ad dwo_mcdc hm rogdqhb_k g_qlnmhbr- Sgd r�v_ud _ooqnwhl_shnm bnmrhrsr ne
bnmrhcdqhmf nmkx sgd sdql qdk_sdc sn k + l + .- Hm stqm) sghr hlokhdr sg_s sgd rb_k_q “dkc cndr
mns g_ud _mx _mftk_q cdodmcdmbd- Vd fds

R�3( + 3π



c1w


�f�1( q1


�
0
1

�∇φ(1


- ’5-55(

Rhlokx bnlo_qhmf sgd etmbshnm_k u_qh_shnm ne sgd _bshnm hm ’5-55( vhsg sgd etmbshnm_k u_qh_shnm
ne _ svn,chldmrhnm_k _bshnm

R�1( +



c1w


�f�1(


�
0
1

�∇φ(1


) ’5-56(
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vd fds sg_s) enq sgd mnm,_mftk_q bnlonmdmsr

S �3(
‘a +

0
3πq1

S �1(
‘a - ’5-57(

Sghr ld_mr sg_s sgd qdrtksr ne sgd svn,chldmrhnm_k _m_kxrhr b_m ad sq_mredqqdc sn _ rogdqhb_kkx
rxlldsqhb entq,chldmrhnm_k rxrsdl- Ne bntqrd) sghr _ooqnwhl_shnm aqd_jr cnvm md_q q + .
vgdqd sgd oqde_bsnq hm ’5-57( chudqfdr- Gnvdudq) md_q q + . vd _kqd_cx jmnv sg_s vd b_mmns
sqtrs sgd rdlhbk_rrhb_k _ooqnwhl_shnm-

5-2-1 Fdmdqhb qdrtksr

Vd _qd _akd sn bnlotsd sgd dwodbs_shnm u_ktd ne sgd rsqdrr,dmdqfx sdmrnq enq _ svn,chldmrhnm_k
ro_bdshld adb_trd vd b_m qdk_sd hs sn sgd rn,b_kkdc bnmenql_k _mnl_kx- He vd bnmrhcdq _m _bshnm
vghbg hr hmu_qh_ms tmcdq bnmenql_k rxlldsqx

fµµ → Ω1�w(fµµ ) ’5-58(

vd b_m d_rhkx rgnv sg_s sgd sq_bd ne sgd bk_rrhb_k rsqdrr,dmdqfx sdmrnq hr ydqn- Hm e_bs) bnmrhc,
dqhmf _m hm“mhsdrhl_k udqrhnm ne ’5-58() vhsg Ω1 + 0 )ω) vd fds

δfµµ + ωfµµ ) . + δR +



cmw


�f ωSµµfµµ ⇔ Sµµfµµ + . - ’5-6.(

Gnvdudq) _s sgd pt_mstl kdudk) sgd dwodbs_shnm u_ktd ne sgd sq_bd ohbjr to _ mnm,ydqn u_ktd
ctqhmf sgd qdmnql_khy_shnm oqnbdctqd- Sgd sq_bd b_m ad bnlotsdc dw_bskx- Hm svn chldmrhnmr
vd nas_hm >450[



S �1(


+ ‘Q ) ’5-60(

vgdqd Q hr sgd Qhbbh rb_k_q _mc ‘ hr _ bnmrs_ms sg_s b_m ad du_kt_sdc-
Sgd sq_bd _mnl_kx b_m ad bnlotsdc hm entq chldmrhnmr _r vdkk- Vg_s hr rodbh_k _ants sgd

svn,chldmrhnm_k b_rd hr sg_s sgd jmnvkdcfd ne sgd sq_bd b_m ad trdc sn bnlotsd sgd etkk rsqdrr,
dmdqfx sdmrnq- Sgd etkk bnlots_shnm fndr adxnmc sgd rbnod ne sghr rdbshnm _r hs hr pthsd knmf
_mc qdpthqdr rnld mnshnmr nm sgd mnql_khy_shnm ne sgd rsqdrr,dmdqfx sdmrnq- Gnvdudq) sgd l_hm
qd_rnm vgx sghr bnlots_shnm hr onrrhakd hr sg_s _mx svn,chldmrhnm_k ldsqhb hr bnmenql_kkx fi_s)
h-d-) hs hr _kv_xr onrrhakd sn bgnnrd Ω rtbg sg_s

fµµ + Ω1�w(ηµµ - ’5-61(

Fhudm sg_s sgd _bshnm hr bnmenql_kkx hmu_qh_ms) sgd oqnakdl hr r_hc sn ad zbnmenql_kkx sqhuh_k!
_r) lnctkn _ bnmenql_k sq_mrenql_shnm) vd b_m qdctbd sgd oqnakdl sn sgd bnqqdronmchmf oqna,
kdl hm fi_s ro_bdshld- Sgd sq_bd _mnl_kx b_m oqnuhcd hmenql_shnm qdf_qchmf sgd deedbs ne sgd
bnmenql_k sq_mrenql_shnm-

Vd vhkk mns chrbtrr sgd etkk bnlots_shnm) ats vd b_m fds _m hcd_ ne sgd rsdor hmunkudc- Sgd
etkk bnlots_shnm hr chrbtrrdc hm >450[-

¶ Ehqrs) vd mddc sn cd“md _m deedbshud _bshnm � vghbg hr qdk_sdc sn sgd dwodbs_shnm u_ktd
ne sgd rsqdrr,dmdqfx sdmrnq hm sgd r_ld v_x sgd bk_rrhb_k _bshnm hr qdk_sdc sn sgd bk_rrhb_k
rsqdrr,dmdqfx sdmrnq) h-d-)



Śµµ



+
�1

�f

δ�

δfµµ
- ’5-62(

¶ Vd mnv mddc sn fds qhc ne sgd chudqfdmbdr ax _ qdmnql_khy_shnm oqnbdctqd-
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¶ Trhmf sgd sq_mrenql_shnm ne ’5-61( vd fds

� =f[ + � =η[ )



c1w


�f


Śµ
µ



δΩ1 - ’5-63(

Vgdm odqenqlhmf sgd etmbshnm_k u_qh_shnm) sgd “qrs sdql vhkk fhud _ bnmsqhatshnm sg_s cdodmcr
nm sgd u_bttl rs_sd _mc sg_s cndr mns chqdbskx cdodmc nm sgd ro_bdshld btqu_stqd- Sgd rdbnmc
sdql vhkk fhud _ u_bttl zonk_qhy_shnm• bnmsqhatshnm sg_s cdodmcr nm sgd ro_bdshld btqu_stqd)
_mc hs b_m ad nas_hmdc uh_ sgd hmenql_shnm nm sgd sq_bd _mnl_kx-

5-2-2 QdftkWqhsx bnmchshnmr

Adenqd rgnvhmf sgd qdrtksr ne sgd dwodbs_shnm u_ktdr ne sgd rsqdrr dmdqfx sdmrnq enq rnld o_q,
shbtk_qkx hmsdqdrshmf u_bttl rs_sdr) kds tr aqhdfix chrbtrr nmd qdftk_qhsx qdpthqdldms enq _ vdkk,
onrdc pt_mstl rsqdrr dmdqfx sdmrnq >456)457[-

Vd qdpthqd sg_s _kk sgd bnlonmdmsr _qd “mhsd hm _ bnnqchm_sd a_rhr sg_s hr vdkk,adg_udc
dudqxvgdqd- Rtbg bnnqchm_sdr) enq hmrs_mbd) _qd sgd Jqtrj_k bnnqchm_sdr hmsqnctbdc hm rdb,
shnm 5-0- Sgd qdrtksr _qd nesdm chrbtrrdc hm sgd �t) u( bnnqchm_sdr vghbg _qd mns vdkk,adg_udc
_s sgd gnqhynm- Vd b_m d_rhkx bg_mfd bnnqchm_sdr _mc nas_hm



ŚTT



+


Śtt





∂ T
∂ t

�1

∝ T�1


Śtt



) ’5-64(



ŚTU



+


Śtu





∂ T
∂ t



∂ U
∂ u



∝ T�0U�0


Śtu



) ’5-65(



ŚUU



+


Śuu





∂ U
∂ u

�1

∝ U�1


Śuu



- ’5-66(

Vhsg qdedqdmbd sn “f- 5-1 _s sgd etstqd gnqhynm  )
Q ) U hr “mhsd vghkd T ∝ 0� 1FM L<q + .-

Sgdqdenqd) sgd rsqdrr,dmdqfx sdmrnq hr qdftk_q nm  )
Q he



0�
1FM L

q

�1


Śtt



<∞ )


0�
1FM L

q





Śtu



<∞ )


Śuu



<∞ -

’5-67(

Nm sgd nsgdq g_mc) _s sgd o_rs gnqhynm  �
Q ) T hr “mhsd vghkd U ∝ 0�1FM L<q + .- Sgdqdenqd)

sgd rsqdrr,dmdqfx sdmrnq hr qdftk_q nm  �
Q he



Śtt



<∞ )


0�
1FM L

q





Śtu



<∞ )



0�
1FM L

q

�1


Śuu



<∞ -

’5-68(

Vd vhkk mnv rstcx _ edv hlonqs_ms u_bttl rs_sdr _mc bgdbj he sgdx r_shrex sgdrd qdftk_qhsx
bnmchshnmr-
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5-2-3 Cheedqdms bgnhbdr ne sgd uWbttl rsWsd

Vd vhkk mnv rgnv _mc chrbtrr sgd dwodbs_shnm u_ktd ne sgd rsqdrr,dmdqfx sdmrnq hm _ edv o_q,
shbtk_qkx hmsdqdrshmf pt_mstl rs_sdr- Vd bnmrhcdq _ rs_shb svn,chldmrhnm_k Rbgv_qyrbghkc AG-
Sgd OB ch_fq_l hr sgd nmd hm sgd kdes o_mdk ne “f- 5-1-

AntkvWqd rsWsd

Sgd “qrs mnsdvnqsgx rs_sd hr sgd Antkv_qd rs_sd |A〉) vghbg hr _ rs_sd sg_s hr u_bttl ansg enq
nardqudqr _s  � _mc  )- Sn nas_hm sghr rs_sd) vd bnmrhcdq sgd kdes,fnhmf lncdr

eK ∝ d�hωu - ’5-7.(

Sghr bgnhbd “wdr sgd rokhsshmf hmsn onrhshud _mc dmdqfx lncdr nm  � ats sgdx cn mns qdoqdrdms
_ a_rhr _r vd _krn mddc sgd qhfgs,fnhmf lncdr- Sn ft_q_msdd _ u_bttl rs_sd nm  ) vd bgnnrd
_r qhfgs,fnhmf lncdr

eQ ∝ d�hωt ) ’5-70(

rn vd b_m vqhsd sgd “dkc _r

φ +


ω



0
3π


ω

d�hωu‘ω )
0

3π

ω

d�hωt‘ω



) g-b- - ’5-71(

Sgdqd hr mn G_vjhmf q_ch_shnm hm sghr rs_sd _r sgd rokhsshmf ne onrhshud _mc mdf_shud eqdptdmbx hr
sgd r_ld hm sgd hm _mc nts qdfhnm- Gnvdudq) sgd dwodbs_shnm u_ktd ne sgd rsqdrr,dmdqfx sdmrnq
hr mnm,ydqn ctd sn vg_s vd b_m b_kk zu_bttl onk_qhy_shnm!- Sghr hr _m deedbs ne sgd ro_bdshld
btqu_stqd- @ cds_hkdc bnlots_shnm rgnvr >450[

}A| Śtt |A〉 + }A| Śuu |A〉 +
0

13π



�
FM L

q2
)

2
1

F1
M L1

q3



)

}A| Śtu |A〉 + �
0

13π



0�
1FM L

q



FM L
q2

-

’5-72(

Vd b_m rdd sg_s _kk sgd bnlonmdmsr _qd “mhsd _mc u_mhrg _s hm“mhsx) _mc sg_s sgd fitw u_mhrgdr _r
vdkk) h-d-) _rxlosnshb nardqudqr cn mns cdsdbs _mx o_qshbkdr mdhsgdq nm  � mnq nm  )- Gnvdudq)
sgd �u) u( _mc �t)t( bnlonmdmsr cn mns u_mhrg _s sgd gnqhynm- Enq vg_s hr dwok_hmdc hm sgd
oqduhntr rdbshnm) sghr hlokhdr sg_s sgd rs_sd hr mns qdftk_q mdhsgdq _s sgd etstqd gnqhynm  )

Q )
mnq _s sgd o_rs gnqhynm  �

Q - Sghr hlokhdr sg_s _m nardqudq bqnrrhmf sgd gnqhynm vntkc ld_rtqd
_m hm“mhsd fitw ne dmdqfx-

Cheedqdms rs_sdr b_m ad nas_hmdc ax bg_mfhmf sgd rokhsshmf hmsn onrhshud _mc mdf_shud dmdqfx
lncdr- Nmd v_x sn cn sg_s vntkc ad sn hmsqnctbd mdv bnnqchm_sdr

t̂�t( ) _mc û�u( - ’5-73(

Hm sghr v_x ’5-71( bg_mfdr sn

φ +


ω



0
3π


ω

d�hωû ‘ω )
0

3π

ω

d�hωt̂‘ω



) g-b- - ’5-74(

Sgd rsqdrr dmdqfx sdmrnq adbnldr >450[



.̂


 Śtt



.̂


+ }A| Śtt |A〉�
0

13π
{t̂)t{ )



.̂


 Śuu



.̂


+ }A| Śuu |A〉�
0

13π
{û) u{ )



.̂


 Śtu



.̂


+ }A| Śtu |A〉 )

’5-75(
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vgdqd sgd btqkx aq_bjdsr cdmnsd sgd Rbgv_qyh_m cdqhu_shud

{ e �w() w{ ≡
e ′′′�w(
e ′�w(

�
2
1



e ′′�w(
e ′�w(



- ’5-76(

Tmqtg rsWsd

Mdws) vd v_ms sn bnmrhcdq sgd Tmqtg rs_sd |T〉- Sghr rs_sd hr _ u_bttl nm  � _mc hs hr bgnrdm
sn ad vdkk,adg_udc nm sgd etstqd gnqhynm- Sgdqdenqd) sgd kdes,fnhmf lncdr _qd sgd r_ld _r sgd
Antkv_qd rs_sd) vghkd sgd qhfgs,fnhmf lncd _qd qdok_bdc vhsg lncdr qdk_shud sn sgd Jqtrj_k
bnnqchm_sd T vghbg hr vdkk,adg_udc _s sgd gnqhynm9

φ +


ω



0
3π


ω

d�hωu‘ω )
0

3π

ω

d�hωT‘ω



) g-b- - ’5-77(

Trhmf sgd cd“mhshnm ne sgd Jqtrj_k bnnqchm_sd) vd b_m d_rhkx cdqhud

�
0

13π
{t̂)t{ +

j1

37π
) ’5-78(

_mc sgd rsqdrr dmdqfx sdmrnq

}T | Śtt |T〉 + }A| Śtt |A〉�
0

13π
{T )t{

+
0

21F1
M L1



0�
1FM L

q

1


0 ) 3
FM L

q
) 01



FM L
q

1


)

}T | Śuu |T〉 + }A| Śuu |A〉 )

}T | Śtu |T〉 + }A| Śtu |A〉 -

’5-8.(

Sgdqdenqd) sgd rsqdrr dmdqfx sdmrnq hr vdkk,adg_udc _s sgd etstqd gnqhynm) ats chudqfdms _s sgd
o_rs gnqhynm- Mnsd sg_s }T | Śtt |T〉 cndr mns u_mhrg _rxlosnshb_kkx- Sghr ld_mr sg_s sgdqd hr _m
nts,fnhmf fitw sg_s hr dwsdmchmf _kk sgd v_x sn  )- Sghr hr sgd G_vjhmf q_ch_shnm-

GWqskdflGWvjhmf rsWsd

@mnsgdq hmsdqdrshmf rs_sd hr sgd G_qskd,G_vjhmf rs_sd |GG〉 vghbg hr qdftk_q dudqxvgdqd- Sn
nas_hm hs) vd qdok_bd u vhsg sgd Jqtrj_k bnnqchm_sd U 9

φ +


ω



0
3π


ω

d�hωU ‘ω )
0

3π

ω

d�hωT‘ω



) g-b- - ’5-80(

Hs hr rsq_hfgsenqv_qc sn bgdbj sg_s sgd qdrtkshmf dwodbs_shnm u_ktd hr dudqxvgdqd qdftk_q- Gnv,
dudq) mdhsgdq }GG| Śtt |GG〉 mnq }GG| Śuu |GG〉 u_mhrg _rxlosnshb_kkx- Sghr hlokhdr sg_s sgdqd
hr _m hmfnhmf fitw ne q_ch_shnm vghbg hr nqhfhm_shmf nm  � _mc _m ntsfnhmf fitw sg_s dwsdmcr
_kk sgd v_x sn  )- @r sghr hr sgd nmkx rs_sd sg_s hr dudqxvgdqd qdftk_q) sghr hr sgd bnqqdbs rs_sd
sn trd sn cdrbqhad _ pt_mstl o_qshbkd nm _m dsdqm_k AG- Sghr hlokhdr sg_s dsdqm_k AGr cn mns
bqd_sd o_qshbkdr ’sg_s vntkc ad hlonrrhakd vhsgnts _mx shld cdodmcdmbd() ats sgdx _qd hm _
sgdql_k a_sg-

|hm〉 rsWsd

Sgd “m_k rs_sd vd v_ms sn rstcx hr sgd |hm〉 chrbtrrdc hm sgd oqduhntr bk_rr- Sgd ntsfnhmf lncdr
_qd sgd nmdr nas_hmdc ax qdfidbshmf sgd hmfnhmf lncdr _bqnrr q + .)

φ +


ω



0
3π


ω

d�hωu‘ω )
0

3π

ω

d�hωthm
‘ω



) g-b- - ’5-81(
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Vd b_m bnlotsd sgd Rbgv_qyh_m cdqhu_shud ne thm vhsg qdrodbs sn t + tnts - @ rgnqsbts hr sn
mnsd sg_s _s k_sd shldr) ’5-34( rgnvr sg_s thm ≈ T - Sgdqdenqd) _s k_sd shldr sgd |hm〉 rs_sd
hr _ooqnwhl_sdc ax sgd Tmqtg rs_sd- Sgd chudqfdmbd _s sgd o_rs gnqhynm hr mns o_qshbtk_qkx
vnqqhrnld _r sgd |hm〉 rs_sd cdrbqhadr sgd pt_mstl “dkc nm _ a_bjfqntmc ne _ AG enqldc ax
fq_uhs_shnm_k bnkk_ord- Sgd o_rs gnqhynm hr mns o_qs ne sgd ro_bdshld-

Vd b_m mnv _mrvdq sgd svn ptdrshnmr fhudm _s sgd adfhmmhmf ne sgd rdbshnm9

0- Sgd G‘vjhmf q‘ch‘shnm hr ‘ “mhsd fitw ne dmdqfx ‘s hm“mhsx- ?s sgd gnqhynm) vd g‘ud hm“,
mhsd aktdrghes- Cndr hs ld‘m sg‘s ‘m hmbnlhmf nardqudq vhkk ld‘rtqd ‘m hm“mhsd mtladq ne
o‘qshbkdr ‘mc hm“mhsd dmdqfx:

Sgd bnmsqhatshnm ne sgd rsqdrr dmdqfx sdmrnq ctd sn sgd G_vjhmf fitw hr fhudm ax sgd sdql
oqnonqshnm_k sn sgd Rbgv_qyh_m cdqhu_shud hm ’5-8.(- Sghr sdql hr hmcddc hm“mhsd- Gnvdudq)
sghr sdql hr b_mbdkdc ax sgd chudqfdms u_bttl onk_qhy_shnm ’sgd “qrs sdql hm ’5-8.((- Sgdqdenqd)
_m nardqudq vntkc nmkx nardqud _ “mhsd dmdqfx-

1- Sgd AG dlhsr dmdqfx ‘s hm“mhsx- B‘m dmdqfx ad bnmrdqudc:

@s sgd etstqd dudms gnqhynm ’vgdqd sgd rs_sd hr odqedbskx _ooqnwhl_sdc ax sgd Tmqtg rs_sd(

}hm| Śuu |hm〉




q+1FM L + �
0

537F1
M L1π

- ’5-82(

Nm sgd nsgdq g_mc) _s k_sd shldr nm  ))

}hm| Śtt |hm〉




q→∞ +
0

537F1
M L1π

- ’5-83(

Sgdqdenqd) adrhcdr sgd onrhshud fitw ne dmdqfx _s hm“mhsx ctd sn G_vjhmf q_ch_shnm) _s sgd
gnqhynm sgdqd hr _m hm,fnhmf fitw ne mdf_shud dmdqfx- Sghr hr _ “qrs rsdo snv_qcr dmdqfx bnmrdq,
u_shnm- Vd g_ud chrb_qcdc sgd a_bjqd_bshnm nm sgd fdnldsqx) sgdqdenqd sgd l_rr ne sgd AG hr
bnmrhcdqdc bnmrs_ms-

Gnvdudq) sghr hr itrs _m _ooqnwhl_shnm- He sgd a_bjqd_bshnm v_r hmbktcdc) sgd l_rr ne
sgd AG rgntkc cdbqd_rd) mns adb_trd _mxsghmf hr drb_ohmf sgd gnqhynm) ats adb_trd mdf_shud
dmdqfx hr bnlhmf hm-

Nsgdq rsWsdr

Ne bntqrd hs hr onrrhakd sn bnmrhcdq nsgdq bgnhbdr enq sgd u_bttl rs_sdr- Vd lhfgs vnmcdq he
hs hr onrrhakd sn bnmrsqtbs _ rs_sd enq vghbg sgd dwodbs_shnm u_ktd ne sgd rsqdrr dmdqfx sdmrnq
u_mhrgdr nm  � _mc hs hr qdftk_q dudqxvgdqd- Hm nsgdq vnqcr) vd vntkc khjd sn bnmrsqtbs _ rs_sd
sg_s _ooqnwhl_sdr sgd Antkv_qd rs_sd nm  � _mc sgd G_qskdflG_vjhmf rs_sd nm  � _mc  )-
Hm oqhmbhokd sghr hr onrrhakd) ats hs vntkc kd_c sn _m dwodbs_shnm u_ktd sg_s hr shld,cdodmcdms-
Sghr b_m ad udqx d_rhkx rddm he vd qdrsqhbs sn sgd rs_sdr nas_hmdc uh_ sgd sq_mrenql_shnmr ’5-73(-
Hm e_bs) sn g_ud _ shld,hmcdodmcdms dwodbs_shnm u_ktd) sgd Rbgv_qyh_m cdqhu_shud sdql ltrs
ad _ etmbshnm nmkx ne q- Gnvdudq) {t̂)t{ hr _ etmbshnm ne t + s � q∗�q(- Sgdqdenqd) sgd nmkx
onrrhahkhsx sn b_mbdk sgd shld cdodmcdmbd hr enq sgd Rbgv_qyh_m cdqhu_shud sn ad _ bnmrs_ms-
Rn) hs b_mmns qdlnud sgd chudqfdmbdr _s sgd gnqhynm _mc rshkk u_mhrg _s hm“mhsx- @ rhlhk_q
bnmrhcdq_shnm _ookhdr sn û-

5-3 HmenqlWshnm knrr oqnakdl

Hm rdbshnm 5-1) vd g_ud kd_qmdc sg_s AGr dlhs G_vjhmf q_ch_shnm- Vd g_ud _krn chrbtrrdc
sg_s sgd dlhssdc q_ch_shnm hr sgdql_k) ld_mhmf sg_s hs g_r _ Ok_mbjh_m rodbsqtl _mc sg_s sgd
dlhssdc lncdr g_ud mn bnqqdk_shnm nm  )- Vd g_ud bknrdc sgd rdbshnm vhsg _ ptdrshnm enq sgd
qd_cdqr) _rjhmf he sghr qdrtks hr o_q_cnwhb_k�oqnakdl_shb- Sghr hr fnhmf sn ad sgd snohb ne sghr
rdbshnm) hm vghbg vd vhkk chrbtrr sgd hmenql_shnm knrr o_q_cnw�oqnakdl >458[-
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5-3-0 Otqd rsWsdr Wmc lhwdc rsWsdr

Kds tr rs_qs ax qdlhmchmf sgd qd_cdqr _ants sgd mnshnmr _mc rnld oqnodqshdr ne otqd _mc lhwdc
rs_sdr- @ otqd pt_mstl rs_sd hr _ rs_sd vghbg b_m ad cdrbqhadc ax _ rhmfkd rs_sd udbsnq _lnmf
sgd dhfdmrs_sd cd“mhmf _ bnlokdsd rds- Nm sgd nsgdq g_mc) _ lhwdc pt_mstl rs_sd hr _ rs_shrshb_k
dmrdlakd ne otqd rs_sdr _mc ltrs ad cdrbqhadc ax _ cdmrhsx l_sqhw

ρ +


h

ρh |ψh〉 }ψh | - ’5-84(

Rhlokd dw_lokd9 Bnmrhcdq _ rxrsdl enq vghbg sgd v_udenql b_m dwhrs hm svn bnm“ftq_shnmr
ψ0 _mc ψ1- @ cdmrhsx l_sqhw bnqqdronmchmf sn _m dmrdlakd g_ke hm sgd “qrs rs_sd _mc g_ke hm
sgd rdbnmc rs_sd hr

ρ +
0
1

�|ψ0〉 }ψ0|) |ψ1〉 }ψ1|( - ’5-85(

Nm sgd nsgdq g_mc) _ rtodqonrhshnm ne sgd svn bnm“ftq_shnmr vntkc ad cdrbqhadc ax _ rs_sd

|ψ〉 +
0


1
�|ψ0〉) |ψ1〉( ) ρ + |ψ〉 }ψ| +

0
1

�|ψ0〉 }ψ0|) |ψ0〉 }ψ1|) |ψ1〉 }ψ0|) |ψ1〉 }ψ1|( -

’5-86(
Vd _krn mddc sn cd“md sgd unm Mdtl_mm _mc sgdqlncxm_lhb dmsqnohdr- Sgd unm Mdtl_mm
dmsqnox hr cd“mdc _r

RuM + �Sq �ρ kmρ( - ’5-87(

Sgd sgdqlncxm_lhb dmsqnox hr nas_hmdc ax bnmrhcdqhmf nmkx _ edv l_bqnrbnohb pt_mshshdr _mc
l_whlhyhmf sgd unm Mdtl_mm dmsqnox _lnmf _kk sgd lhbqnrs_sdr qdoqnctbhmf sgnrd l_bqn,
rbnohb u_qh_akdr ’d-f-) dmdqfx) oqdrrtqd) - - - (- Rnld qdkdu_ms oqnodqshdr _qd9

¶ Eqnl sgd cd“mhshnm) hs hlldch_sdkx enkknvr sg_s sgd unm Mdtl_mm dmsqnox b_mmns dwbddc
sgd sgdqlncxm_lhb dmsqnox)

RSg ≥ RuM - ’5-88(

¶ Sgd unm Mdtl_mm dmsqnox u_mhrgdr he _mc nmkx he sgd rs_sd hr otqd-

¶ Sgd unm Mdtl_mm dmsqnox hr bnmrdqudc enq tmhs_qx dunktshnm ne sgd rxrsdl-

¶ Bnmrhcdq _ pt_mstl rxrsdl hm _ otqd rs_sd l_cd ne svn o_qsr ? _mc A- Vd b_m cd“md
sgd unm Mdtl_mm dmsqnox enq sgd rtarxrsdl ? ’A( ax bnmrhcdqhmf sgd cdmrhsx l_sqhw ρ?
’ρA( nas_hmdc ax sq_bhmf nts sgd qdl_hmhmf cdfqddr ne eqddcnl- Sgd qdrtkshmf dmsqnohdr
_qd mnm,ydqn _mc dpt_k sn d_bg nsgdq

RuM�?∪ A( + . ) RuM�?( + RuM�A( ̸+ . - ’5-0..(

5-3-1 RsWsd ne GWvjhmf qWchWshnm

Kds tr mnv chrbtrr sgd _mrvdq sn sgd ptdrshnm vhsg vghbg vd bknrdc rdbshnm 5-1- Hr rs_qshmf
eqnl _ otqd rs_sd nm  � _mc nas_hmhmf _ lhwdc rs_sd nm  ) _ oqnakdl_shb qdrtks; Hmcddc) sghr
qdrtks lhfgs _ood_q o_q_cnwhb_k- Gnvdudq) hs hr mns ’xds(� Hm e_bs) vd g_ud hfmnqdc sgd lncdr
sg_s dmsdq sgd gnqhynm- Bnmsq_qx sn  �)  ) hr mns _ B_tbgx gxodqrtqe_bd- Vd mddc sn _cc
sgd gnqhynm sn mns hfmnqd _ onqshnm ne ro_bdshld- A_rhb_kkx) bnmrhcdqhmf nmkx sgd _rxlosnshb
onqshnm ne sgd B_tbgx gxodqrtqe_bd vd _qd sq_bhmf nts sgd cdfqddr ne eqddcnl hmrhcd sgd AG
dudms gnqhynm- Vd jmnv sg_s sq_bhmf nts _ rtards ne sgd cdfqddr ne eqddcnl stqmr _ otqd rs_sd
hmsn _ lhwdc rs_sd- Mn o_q_cnw gdqd-

Hm e_bs) hs hr onrrhakd sn dwokhbhskx bnlotsd sgd bnqqdk_shnmr _lnmf lncdr nm  ) _mc _s sgd
gnqhynm sn rgnv sg_s sgdqd _qd bnqqdk_shnmr _lnmf k_sd shld lncdr nm  ) _mc lncdr sg_s
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dmsdq sgd gnqhynm _s d_qkx shldr- Hs hr hlonqs_ms sn rsqdrr sg_s dudm vhsgnts cnhmf sgd dwokhbhs
bnlots_shnm vd jmnv sg_s qdrtks- Sgd sgdnqx _mc sgd “dkc dpt_shnmr vd g_ud trdc kd_c sn
_ vdkk,cd“mdc hmhsh_k u_ktd oqnakdl _mc) hm o_qshbtk_q) sn _ tmhs_qx dunktshnm ne sgd pt_mstl
rs_sdr-

Gnvdudq) sgdqd _qd hrrtdr bnmbdqmhmf sgd dunktshnm ne pt_mstl rs_sdr qdf_qchmf sgd du_o,
nq_shnm ne AGr- Sgdrd hrrtdr _qhrd nmbd dwsq_ dkdldmsr _qd _ccdc sn sgd _m_kxrhr- Hm o_qshbtk_q)
sgd cdqhu_shnm ne G_vjhmf q_ch_shnm hr nmkx u_khc hm sgd sdrs “dkc _ooqnwhl_shnm) rn hs chc mns
bnmrhcdq sgd a_bjqd_bshnm ne sgd “dkc sn sgd ldsqhb- Sghr hr nmkx _ qd_rnm_akd _ooqnwhl_shnm
he sgd sns_k dmdqfx ne sgd q_ch_shnm hr ltbg rl_kkdq sg_m sgd AG l_rr- Nsgdqvhrd) vd vntkc
g_ud uhnk_shnmr ne dmdqfx bnmrdqu_shnm- Enq rsdkk_q l_rr AGr) sghr hr cd“mhsdkx _ fnnc _ooqnwh,
l_shnm enq _ udqx knmf shld- Gnvdudq) he vd cn mns hmbktcd sgd a_bjqd_bshnm) sgd du_onq_shnm
vhkk bnmshmtd enq _m hm“mhsd shld) dlhsshmf hm“mhsd dmdqfx- Dudmst_kkx) sgd _ooqnwhl_shnm ltrs
aqd_j cnvm- Sn _unhc sghr oqnakdl) vd _qsh“bh_kkx hmbktcd sgd e_bs sg_s sgd l_rr ne sgd AG
ltrs cdbqd_rd _s sgd rodbh“b q_sd mddcdc sn bnlodmr_sd enq sgd dmdqfx knrr ax G_vjhmf q_,
ch_shnm- Rhmbd) enq k_qfd AGr) sgd q_ch_shnm hr dlhssdc _s _ udqx knv q_sd) vd b_m bnm“cdmskx
_rrtld sgd _ch_a_shb nq pt_rh,rs_shb _ooqnwhl_shnm _mc _rrtld sg_s G_vjhmf q_ch_shnm oqn,
bddcr vhsg sdlodq_stqd fhudm ax ’5-46( vhsg _ shld,cdodmcdms l_rr- Sghr hr _ pthsd qd_rnm_akd
_rrtloshnm sg_s b_m _krn ad enql_khydc >46.[-

Sgd hmenql_shnm knrr o_q_cnw�oqnakdl _qhrdr vgdm vd sqx sn hmbnqonq_sd sgd l_rr knrr ne
sgd AG _mc _cc rnld nsgdq _rrtloshnmr sg_s b_mmns ad cdqhudc vhsghm sgd lncdk- Vd vhkk
fhud _ oqdbhrd enqltk_shnm ne sgd oqnakdl hm sgd mdws rdbshnmr-

5-3-2 HmenqlWshnm knrr oqnakdl9 bnlokdsd duWonqWshnm

Sgd rhlokdrs v_x sn enqltk_sd sgd oqnakdl hr ax _rrtlhmf sg_s sgd du_onq_shnm bnmshmtdr hm
sgd v_x oqdchbsdc ax rdlhbk_rrhb_k fq_uhsx tmshk sgd AG bnlokdsdkx u_mhrgdr- Vd _krn mddc sn
_rrtld sg_s sgd dmc onhms ne sgd du_onq_shnm hr _ qdftk_q ro_bdshld-

Sghr bnm“ftq_shnm hr qdoqdrdmsdc hm “f- 5-4) hm vghbg sgd AG du_onq_sdr bnlokdsdkx _mc
sgd khmd q + . hr qdftk_q _mc shldkhjd- He vd _rrtld sg_s sgd du_onq_shnm bnmshmtdr hm sgd v_x
cdrbqhadc hm rdbshnm 5-1 ) vd _qqhud _s sgd bnmbktrhnm sg_s _ otqd rs_sd nm Σ0 dunkudr hmsn _
lhwdc rs_sd nm Σ1 ’qdc khmdr hm “f- 5-4(- Sghr bkd_qkx bnmsq_chbsr ntq _rrtloshnmr- Gnvdudq)
sgdqd hr _ kns sg_s b_m fn vqnmf- Ehqrs ne _kk) sgd rdlhbk_rrhb_k bnlots_shnm hr dwodbsdc sn aqd_j
cnvm _s rnld onhms- @rrtlhmf hsr u_khchsx tmshk sgd dmc ne sgd du_onq_shnm hr mns vdkk,itrsh“dc-
Etqsgdqlnqd) dudm he vd adkhdud sn sghr ohbstqd) vntkc hs ad qd_rnm_akd sn dwodbs sg_s _ otqd
rs_sd nm Σ0 dunkudr hmsn _ otqd rs_sd nm Σ1; Hm e_bs) _bbnqchmf sn sghr ohbstqd) sgd ro_bdshld g_r
_m dudms gnqhynm- Ax cd“mhshnm) _mxsghmf sg_s dmsdqr sgd dudms gnqhynm hr knrs enq _m ntsrhcd
nardqudq- Vd _bst_kkx dwodbs sgd rs_sd sn ad lhwdc he vd nmkx enbtr nm sgd qdfhnm ntsrhcd sgd
dudms gnqhynm- Etqsgdqlnqd) hm “f- 5-4 vd b_m rdd sg_s sgd ro_bdshld g_r _ B_tbgx gnqhynm 
_r _s sgd dmc ne sgd du_onq_shnm) vd g_ud _ qdfhnm ne sgd ro_bdshld sg_s hr hm sgd b_tr_k etstqd
ne sgd rhmftk_qhsx- Vd b_m rdd sg_s sgd B_tbgx gxodqrtqe_bd Σ1 bqnrrdr sgd B_tbgx gnqhynm-
Eqnl sgd onhms ne uhdv ne sgd rdlhbk_rrhb_k sgdnqx) vd b_mmns sqtrs _mx oqdchbshnm adxnmc sgd
B_tbgx gnqhynm) rn hs hr _ bnmbdost_k dqqnq sn cq_v bnmbktrhnmr nm sgd pt_mstl rs_sd nm Σ1-
Enq bnlokdsdmdrr) “f- 5-4 _krn rgnvr sgd sq_oohmf gnqhynm ’c_rgdc khmd() vghbg cndr mns _fqdd
vhsg sgd dudms gnqhynm _r sgd ro_bdshld hr mns rs_shnm_qx- Hm o_qshbtk_q) _r sgd AG hr knrhmf l_rr
uh_ G_vjhmf q_ch_shnm) sgd sq_oohmf gnqhynm dwsdmcr adxnmc sgd dudms gnqhynm-

Sgdqdenqd) sghr enqltk_shnm ne sgd hmenql_shnm knrr o_q_cnw hr mns o_qshbtk_qkx vnqqhrnld-
Hm sgd mdws rdbshnm) vd _qd fnhmf sn chrbtrr _ rdbnmc enqltk_shnm ne sgd oqnakdl vghbg hr)
_qft_akx) lnqd qdkdu_ms-
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Ehftqd 5-49 OB ch_fq_l ne _ AG enqldc ax fq_uhs_shnm_k bnkk_ord sg_s du_onq_sdr
bnlokdsdkx hm “mhsd shld- Sgd du_onq_shnm oqnbdrr hr _rrtldc sn kd_ud _ ro_bdshld
vhsgnts rhmftk_qhsx) vgdqd q + . hr qdftk_q _mc shldkhjd _esdq sgd bnlokdsd du_onq_,
shnm ne sgd AG- Sgd ro_bdshld g_r _m dudms gnqhynm ’ )() _ B_tbgx gnqhynm ’ ( _mc
_ sq_oohmf gnqhynm ’S (- Sgd qdc khmdr Σ0)1 _qd svn B_tbgx gxodqrtqe_bdr- Vd b_m
rdd sg_s Σ1 dwsdmcr adxnmc sgd B_tbgx gnqhynm) sgtr vd b_mmns sqtrs sgd oqdchbshnmr
ne rdlhbk_rrhb_k fq_uhsx sn cdsdqlhmd sgd rs_sd nm Σ1-

5-3-3 HmenqlWshnm knrr oqnakdl9 dmsqnox oqnakdl

Hm sghr rdbshnm vd oqdrdms _ rdbnmc enqltk_shnm ne sgd oqnakdl- Sghr enqltk_shnm enkknvr sgd
rn,b_kkdc O_fd _qftldms _mc vd vhkk qdedq sn hs _r sgd zdmsqnox oqnakdl• >460[-

Enq sghr enqltk_shnm ne sgd oqnakdl) vd nmkx mddc sn _rrtld sgd u_khchsx ne sgd rdlhbk_rrhb_k
ohbstqd _r _ knv,dmdqfx deedbshud sgdnqx sn cdrbqhad AG ogxrhbr e_q eqnl sgd Ok_mbjh_m qdfhld-
Hm o_qshbtk_q) vd cn mns _rrtld _mxsghmf qdf_qchmf sgd “m_k rs_sd ne AG du_onq_shnm- Gnvdudq)
sgd oqhbd sn o_x hr sg_s vd mddc sn _cc sgd enkknvhmf

:rrtkosgnm� ?r rddm eqnl sgd ntsrhcd) ‘ AG adg‘udr khjd ‘ pt‘mstl rxrsdl vgnrd mtladq ne
cdfqddr ne eqddcnl hr antmcdc ax ?<3FM ) vgdqd ? hr sgd gnqhynm ‘qd‘-014

Kds tr chrbtrr vgx sgd hmbktrhnm ne sghr gxonsgdrhr kd_cr sn _ bnmsq_chbshnm vhsgnts sgd mddc
ne _rrtlhmf _mxsghmf nm sgd dmc onhms ne fq_uhs_shnm_k bnkk_ord >460fl462[- @esdq sg_s) vd vhkk
dwok_hm sgd qd_rnmhmf adghmc sghr _rrtloshnm- Kds tr cdmnsd vhsg Gag _mc Gq_c sgd Ghkadqs
ro_bdr ne sgd AG _mc ne sgd q_ch_shnm) qdrodbshudkx- @r btrsnl_qx) vd bnmrhcdq _ bnm“ftq_shnm
hm vghbg sgd hmhsh_k rs_sd adenqd AG enql_shnm hr _ otqd rs_sd) ats rhlhk_q bnmrhcdq_shnmr b_m ad
cnmd vhsg _ cheedqdms hmhsh_k rs_sd- Sgd inhms rs_sd ne AG oktr q_ch_shnm) h-d-) |ψ〉 ∈Gag ⊗Gq_c)
ltrs qdl_hm otqd he sgd cxm_lhb_k dunktshnm hr tmhs_qx-

He vd mnv sq_bd nudq sgd AG cdfqddr ne eqddcnl) vd nas_hm _ lhwdc rs_sd vhsg _ unm Mdt,
l_mm dmsqnox Rq_c- @r dwok_hmdc hm ’5-0..() sghr dmsqnox ltrs ad dpt_k sn sgd unm Mdtl_mm
dmsqnox Rag ne sgd AG- Sgd rdlhbk_rrhb_k bnlots_shnm sdkkr tr sg_s sgd unm Mdtl_mm dmsqnox
ne sgd dlhssdc q_ch_shnm hmbqd_rdr vhsg shld vghbg hlokhdr sg_s Rag ltrs _krn hmbqd_rd vhsg

014Hs hr trt_kkx mns rodbh“dc he sgd vnqc zgnqhynm• qdedqr sn sgd dudms gnqhynm nq nsgdq sxodr ne gnqhynm- Sghr hr
mns qdkdu_ms enq sgd enqltk_shnm ne sgd oqnakdl-
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shld- Gnvdudq) ctqhmf sgd du_onq_shnm oqnbdrr sgd _qd_ ne sgd AG rgqhmjr- Sgd _qd_ khlhs
hlokhdr sg_s sgd l_whltl u_ktd ne sgd cdfqddr ne eqddcnl hmrhcd sgd AG) _mc gdmbd sgd l_w,
hltl onrrhakd u_ktd ne sgd unm Mdtl_mm dmsqnox Rag hr _krn cdbqd_rhmf- @r _ bnmrdptdmbd)
sgdqd ltrs ad _ shldrb_kd015 sO_fd ˇ jmnvm _r sgd O_fd shld ˇ _esdq vghbg sgd dmsqnox ne sgd
q_ch_shnm dwbddcr sgd l_whltl onrrhakd dmsqnox ne sgd AG ’rdd “f- 5-5(- Sgdqdenqd) sgd sns_k
rs_sd b_mmns ad otqd _esdq sgd O_fd shld- Hs hr rsq_hfgsenqv_qc sn bgdbj sg_s _s sgd O_fd shld)
sgd AG hr e_q eqnl sgd Ok_mbjh_m qdfhld >460)461[-

Ehftqd 5-59 Adg_uhnq ne cheedqdms qdkdu_ms dmsqnohdr _r sgd AG du_onq_sdr- Sgd unm
Mdtl_mm dmsqnox Rq_c ne sgd q_ch_shnm ’qdc khmd( hmbqd_rdr lnmnsnmhb_kkx) vghkd sgd
_qd_ ne sgd AG ’xdkknv khmd( cdbqd_rdr- Hm nqcdq sn qdrodbs sgd _qd_ khlhs) sgd dmsqnox
ne sgd q_ch_shnm rgntkc rs_qs cdbqd_rhmf k_sdrs _s sgd O_fd shld) _mc enkknv _ btqud
pt_khs_shudkx rhlhk_q sn sgd ak_bj c_rgdc khmd- Ehftqd _c_osdc eqnl >452[-

Vgx sgd WqdW khlhs

Vd g_ud itrs rddm sg_s sgd _qd_ khlhs gxonsgdrhr kd_cr sn _ oqnakdl enq sgd oqdrdqu_shnm ne
tmhs_qx dunktshnm vdkk adenqd Ok_mbjh_m ogxrhbr adbnld qdkdu_ms- Hs hr sgdqdenqd udqx hlonqs_ms
sn itrshex sgd _rrtloshnm _mc pt_mshex sgd duhcdmbd sg_s rtoonqsr hs-

AG sgdqlncxmWlhbr9 @qft_akx nmd ne sgd l_hm lnshu_shnmr bnldr eqnl sgd sgdqlncx,
m_lhb_k oqnodqshdr ne AGr- Hm e_bs) AGr nadx ogxrhb_k k_vr _m_knftd sn sgd rs_mc_qc sgdqln,
cxm_lhb k_vr >278)463[ vhsg _m dmsqnox fhudm ax sgd Adjdmrsdhm,G_vjhmf enqltk_016 >275)
464[)

RAG +
?

3FM
- ’5-0.0(

Etqsgdqlnqd) ’5-88( sdkkr tr sg_s sgd sgdqlncxm_lhb dmsqnox fhudr _m toodq antmc enq sgd
unm Mdtl_mm dmsqnox- Sgdqdenqd) sgd sgdqlncxm_lhb_k dmsqnox ’5-0.0( hr dwodbsdc sn khlhs
sgd l_whltl mtladq ne hmsdqm_k cdfqddr ne eqddcnl ne sgd AG-

Adjdmrsdhm antmc9 @mnsgdq _qftldms hm e_unq ne sgd _qd_ khlhs hr _ antmc chrbtrrdc ax
Adjdmrsdhm >465[) _bbnqchmf sn vghbg sgd dmsqnox sg_s _mx pt_mstl rxrsdl b_m bnms_hm hr

015Rnldshldr hs hr tmcdq_ooqdbh_sdc sg_s sgd mnshnm ne shld hr mns udqx vdkk,cd“mdc hm sghr bnmsdws- Vd b_m g_ud
mnshnmr ne shld cd“mdc ax sgd enkh_shnm) ld_mhmf sg_s vd enkh_sd sgd ro_bdshld vhsg B_tbgx gxodqrtqe_bdr sg_s
ltrs ad ro_bdkhjd- Sgd chqdbshnm nqsgnfnm_k sn sgd gxodqrtqe_bdr hr sgd shld chqdbshnm- Gnvdudq) bg_mfhmf sgd
enkh_shnm vntkc _krn bg_mfd sgd shld adg_uhnq ne sgd dmsqnox ne sgd AG-

016Mnsd sg_s sgd mns_shnm lhfgs ad bnmetrhmf _r RAG hmchb_sdr sgd Adjdmrsdhm,G_vjhmf dmsqnox vghkd Rag hmchb_sdr
sgd unm Mdtl_mm dmsqnox ne sgd AG-
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antmcdc ax hsr q_chtr Q _mc sgd sns_k dmdqfx D ne sgd rxrsdl9

R ≤ 1πDQ - ’5-0.1(

Hm o_qshbtk_q) enq _ rogdqhb_kkx rxlldsqhb AG) Q + 1FM L _mc D + L - Sgd Adjdmrsdhm antmc
’5-0.1( qd_cr

R ≤
?

3FM
+ RAG - ’5-0.2(

Gnvdudq) vd ltrs rsqdrr sg_s _ qhfnqntr oqnne ne sghr antmc b_m nmkx ad nas_hmdc enq _ pt_mstl
rxrsdl hm fi_s ro_bdshld >280[-

GnknfqWogx Wmc ?cR�BES bnqqdronmcdmbd9 Lnqd qdbdmskx) vhsg sgd trd ne sgd Qxt,
S_j_x_m_fh dmsqnox enqltk_ >466) 467[) nas_hmdc hm sgd bnmsdws ne sgd @cR�BES bnqqdronm,
cdmbd >468[) hs v_r rgnvm sg_s hs hr onrrhakd sn qdoqnctbd _ adg_uhnq enq sgd unm Mdtl_mm
dmsqnox bnlo_shakd vhsg sgd O_fd btqud- Sghr b_m ad s_jdm _r _m hmchb_shnm ne sgd u_khchsx ne
sgd _qd_ khlhs >462[-

5-3-4 SnvWqcr qdrnktshnm ne sgd oqnakdl:

Sgd qdrnktshnm ne sgd oqnakdl hr cd“mhsdkx adxnmc sgd rbnod ne sghr rdbshnm) _mc hr hmcddc
o_qs ne _ udqx _bshud qdrd_qbg _qd_ ’rdd) d-f-) >462)47.fl488[ _mc qdedqdmbdr sgdqdhm enq _ udqx
hmbnlokdsd khrs(- Sgd l_hm ldrr_fd ne sghr rdbshnm hr sg_s) vghkd sgd hmenql_shnm knrr o_q_cnw
hr nesdm hmsqnctbdc _r _m hmbnlo_shahkhsx adsvddm sgd tmhs_qx dunktshnm) nmd ne sgd ohkk_qr
ne pt_mstl ldbg_mhbr) _mc rdlhbk_rrhb_k fq_uhsx) sgd rhst_shnm hr mns rn rhlokd- Nas_hmhmf
sgd bnmsq_chbshnm dhsgdq qdpthqdr otrghmf sgd rdlhbk_rrhb_k lncdkr vdkk adxnmc sgdhq qdfhldr
ne u_khchsx) _r chrbtrrdc hm rdbshnm 5-3-2) nq sgd _cchshnm ne _m dwsq_ _rrtloshnm hm sgd enql
ne sgd _qd_ khlhs) _r chrbtrrdc hm rdbshnm 5-3-3- Sgdqdenqd) sgd qdrnktshnm qdpthqdr sn _a_mcnm
dhsgdq sgd u_khchsx ne rdlhbk_rrhb_k fq_uhsx _r _ fnnc deedbshud cdrbqhoshnm e_q eqnl sgd Ok_mbjh_m
qdfhld) nq sgd _qd_ khlhs nm sgd mtladqr ne cdfqddr ne eqddcnl >452[- Sgdqd _qd rdudq_k
_ooqn_bgdr chrbtrrdc hm sgd khsdq_stqd sg_s nas_hm _ l_sgdl_shb_kkx bnmrhrsdms ohbstqd fdsshmf
qhc ne dhsgdq nmd ne sgdrd _rrtloshnmr - Gnvdudq) sn rnkud _ ogxrhb_k oqnakdl) hs hr mns dmntfg
sn “mc _ l_sgdl_shb_kkx bnmrhrsdms cdrbqhoshnm) ats vd rgntkc tmcdqrs_mc vghbg ’he _mx( ne
sgdrd cdrbqhoshnmr hr qd_khydc hm m_stqd- Ctd sn sgd sdbgmhb_k hlonrrhahkhsx ne nardquhmf AG
du_onq_shnm) sghr oqnakdl hr dwodbsdc sn qdl_hm nodm enq _ udqx knmf shld-

5-4 Bnmbktrhnmr

Hm sghr rdbshnm) vd g_ud chrbtrrdc rnld bnmrdptdmbdr ne bnmrhcdqhmf pt_mstl ogxrhbr hm AG
ro_bdshldr- Cdrohsd _ bnlokdsd _m_kxrhr ne pt_mstl deedbsr hm AG ro_bdshldr vntkc qdpthqd
sgd jmnvkdcfd ne _ etkk sgdnqx ne PF) vd g_ud rddm sg_s sgd rstcx ne pt_mstl l_ssdq nm
bk_rrhb_k ro_bdshldr hr dmntfg sn nas_hm rnld udqx hmsdqdrshmf qdrtksr-

Sghr rdbshnm v_r mns hmsdmcdc sn bnudq sgd snohb hm _ bnloqdgdmrhud v_x) vghbg hr ltbg
vhcdq sg_m vg_s b_m ad oqdrdmsdc hm _ rgnqs bntqrd- Hmrsd_c) vd enbtrdc nm rnld rodbh“b
_rodbsr sg_s _qd nesdm lhrtmcdqrsnnc ats sg_s _qd bqtbh_k sn oqnodqkx tmcdqrs_mc sgd ogxrhbr
_s ok_x- Kds tr gdqd rtll_qhyd sgd lnrs hlonqs_ms s_jd gnld ldrr_fdr-

Sgd bWtrd ne GWvjhmf qWchWshnm9 Sgd b_trd ne G_vjhmf q_ch_shnm hr sgd shld cdodmcdmbd
ne sgd ro_bdshld- Sghr b_m rddl bntmsdqhmsthshud _r vd _qd trdc sn sghmj _ants AGr _r
rs_shnm_qx ro_bdshldr- Gnvdudq) AGr _qd enqldc uh_ fq_uhs_shnm_k bnkk_ord- Sgd shld
cdodmcdmbd ne sgd fdnldsqx) vghbg sq_mrhshnmr eqnl rnldsghmf bknrd sn Lhmjnvrjh hm
sgd _rxlosnshb o_rs sn Rbgv_qyrbghkc hm sgd _rxlosnshb etstqd) hr sgd qd_rnm vgx sgd
u_bttl rs_sdr enq nardqudqr nm  � _mc nm  ) cn mns _fqdd-
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DsdqmWk AGr cn mns duWonqWsd9 Qdk_sdc sn sgd oqduhntr onhms) dsdqm_k AGr cn mns du_onq_sd-
Hmrsd_c) vd g_ud rddm sg_s dsdqm_k AGr _qd hm sgdql_k dpthkhaqhtl vhsg _ sgdql_k a_sg-
Sghr lhfgs _ood_q _ lhmnq cheedqdmbd- Gnvdudq) hs hr _ bqtbh_k onhms _r sgdqd b_mmns ad
o_qshbkd bqd_shnm hm rs_shb fdnldsqhdr-

Cheedqdmbd adsvddm sgd gdtqhrshb Wmc sgd qhfnqntr ohbstqd9 G_vjhmf q_ch_shnm hr nesdm dw,
ok_hmdc hm _ rhlokh“dc v_x- Sghr cdrbqhoshnm g_r rnld ldqhsr- Hs bnqqdbskx oqdchbsr sg_s
_m _rxlosnshb nardqudq nm  ) vntkc rdd _ fitw ne dmdqfx bnlhmf eqnl sgd AG- Hs _krn
dwok_hmr sg_s sgd fitw hr dms_mfkdc vhsg _m hmfnhmf fitw ne mdf_shud dmdqfx- Gnvdudq) sgd
nudqrhlokh“b_shnm ne sgd gdtqhrshb dwok_m_shnm e_hkr hm rdudq_k qdf_qcr-

¶ Ehqrs _mc enqdlnrs) qd_rnmhmf hm sdqlr ne o_qshbkd,_msho_qshbkd oqnctbshnm md_q sgd
gnqhynm cndr mns b_ostqd sgd qd_k qnns ne G_vjhmf q_ch_shnm- O_qshbkdr _qd bqd_sdc
adb_trd AGr enql uh_ fq_uhs_shnm_k bnkk_ord _mc rn sgd fdnldsqx hr shld,cdodmcdms-

¶ @bbnqchmf sn sgd gdtqhrshb _qftldms) G_vjhmf pt_ms_ _qd oqnctbdc md_q sgd gnqh,
ynm- Gnvdudq) hs hr mns bnqqdbs sn hcdmshex _ qdfhnm vgdqd o_qshbkdr _qd oqnctbdc)
_r vd b_m enql_kkx s_kj _ants o_qshbkdr nmkx hm sgd _rxlosnshb qdfhnmr-

¶ Ehm_kkx) hm sgd gdtqhrshb ohbstqd) sgd mdf_shud dmdqfx o_qshbkd _qd dms_mfkdc vhsg
sgd ntsfnhmf G_vjhmf o_qshbkdr- Gnvdudq) vd g_ud chrbtrrdc hm rdbshnm 5-3-1 sg_s
sgd G_vjhmf o_qshbkdr _qd dms_mfkdc vhsg pt_ms_ sg_s dmsdq sgd gnqhynm _s d_qkx
shldr- Nm sgd nsgdq g_mc) dp- ’5-82( rgnvr sg_s sgd mdf_shud dmdqfx fitw dmsdqr
sgd gnqhynm _s _ “wdc q_sd- Sgdqdenqd) hs hr bkd_q sg_s sgd fitw ne mdf_shud dmdqfx
_mc sgd fitw ne dmsqnox b_mmns ad b_qqhdc ax sgd r_ld uhqst_k o_qshbkdr-

HmenqlWshnm knrr oqnakdl9 Sgd hmenql_shnm knrr oqnakdl hr _krn nesdm lhrtmcdqrsnnc- Hs hr
trt_kkx cdrbqhadc _r _m hmbnlo_shahkhsx adsvddm PES _mc FQ- Gnvdudq) vd g_ud chr,
btrrdc sg_s sgdqd _qd dwsq_ hmfqdchdmsr mdbdrr_qx sn enqltk_sd sgd oqnakdl-

S_jdm snfdsgdq) sgdrd qdrtksr ghfgkhfgs gnv PES nm bk_rrhb_k btqudc ro_bdshldr b_m needq rnld
o_qsh_k xds ghfgkx mnm,sqhuh_k hmrhfgsr hmsn sgd hmsdqok_x adsvddm pt_mstl ldbg_mhbr _mc fq_u,
hsx dudm hm sgd _ardmbd ne _ etmc_ldms_k sgdnqx ne PF-
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6 E?P hm PtWmstl FqWuhsx

PF hm fdmdqWk

¶ VgWs hr PF:

Qntfgkx rod_jhmf) _ ogxrhb_k sgdnqx vghbg bnmrhrsdmskx hmbnqonq_sdr pt_mstl ldbg_m,
hbr _mc fq_uhs_shnm- @ lnqd oqdbhrd cd“mhshnm hr _ pt_mstl,ldbg_mhb_k sgdnqx vghbg
qdctbdr sn FQ ’onrrhakx bntokdc sn nsgdq “dkcr( hm rnld knv,dmdqfx nq rdlhbk_rrhb_k
qdfhld- Sghr ld_mhmf hr sgd lnrs vhcdroqd_c) ats hs hr mns tmhudqr_kkx rg_qdc hm rnld
qdrd_qbg bnlltmhshdr- Nsgdq qdrd_qbgdqr oqnonrd enq hmrs_mbd sg_s pt_mstl ldbg_mhbr
ad lnch“dc ’rdd adknv(-

¶ Hr hs sqtd sgWs FQ hr hmbnloWshakd vhsg ptWmstl ldbgWmhbr:

Mns pthsd9 pt_mstl FQ l_jdr rdmrd _r _ knv,dmdqfx DES- Sgd qdkdu_ms dmdqfx rb_kdr _qd
cdsdqlhmdc ax btqu_stqdr ne sgd a_bjfqntmc) bnlahm_shnmr ne lnldms_ ne _rxlosnshb
rs_sdr adhmf rb_ssdqdc) nq nsgdq hmu_qh_ms pt_mshshdr- Sgd hrrtd hr “mchmf _ bnlokdshnm ne
sghr DES vghbg cndr mns aqd_j cnvm hm rnld qdfhld-

¶ Rgntkc PF ad zptWmshydc fqWuhsx–) zfqWuhshydc ptWmstl ldbgWmhbr– nq mdhsgdq:

@kk sgdrd noshnmr g_ud oqnonmdmsr hm sgd vhcdq qdrd_qbg bnlltmhsx- Rnld oqnonrd sg_s
sgd fq_uhs_shnm_k “dkc rgntkc tmcdqfn pt_mshy_shnm) hm _ rhlhk_q l_mmdq _r nsgdq bk_rrhb_k
rxrsdlr b_m ad l_oodc nmsn _ pt_mstl rxrsdl ax _ookxhmf nmd ne u_qhntr pt_mshy_shnm
oqnbdctqdr- Sgdm sgd bnmrhrsdmbx ne sgd bk_rrhb_k khlhs) he _mx) vntkc mddc sn ad _rrdrrdc-
Nsgdqr oqnonrd sg_s sgd oqhmbhokdr ne pt_mstl ldbg_mhbr rgntkc ad lnch“dc hm rnld
v_x sn s_jd fq_uhs_shnm hmsn _bbntms- Nsgdqr xds oqnonrd mdhsgdq9 hm nsgdq vnqcr) sgd
oqhmbhokdr ne pt_mstl ldbg_mhbr rgntkc qdl_hm tmsntbgdc) _mc rnld pt_mstl sgdnqx
rgntkc oqnctbd fq_uhsx _mc�nq ro_bdshld _r _m dldqfdms ogdmnldmnm _s k_qfd rb_kdr-

¶ VgWs Wqd rnld PF ogdmnldmW sgWs bntkc ad sdrsdc:

Oqdrtl_akx) rb_ssdqhmf o_qshbkdr _s udqx ghfg dmdqfhdr vntkc oqnctbd rnld pt_mstl,
fq_uhs_shnm_k deedbsr) rtbg _r bdqs_hm rhfm_stqdr hm bqnrr rdbshnmr- Sgd kd_chmf bnqqdb,
shnmr sn sgd fq_uhs_shnm_k DES l_x _krn ad cdsdbs_akd hm fq_uhs_shnm_k v_udenqlr eqnl
AG ldqfdqr) bnqqdbshnmr sn AG fdnldsqhdr ’Knud mtladqr() nq _mx nsgdq pt_mshsx- Sgd
hrrtd hr sg_s sxohb_kkx) sgdrd bnqqdbshnmr _qd dwsqdldkx rl_kk qdk_shud sn ntq b_o_ahkhshdr-
Vd l_x gnod sn rdd rnld _lokh“b_shnmr hm bnrlnknfhb_k pt_mshshdr rtbg _r sgd sdmrnq,
sn,rb_k_q q_shn nq ltksh,onhms bnqqdk_snqr ne bnrlnknfhb_k odqstqa_shnmr- PF deedbsr b_m
_krn fdmdq_sd _ rhfm_k hm sgd oqhlnqch_k FV rodbsqtl _s KHR@ eqdptdmbhdr- Deedbsr khjd
_ rkhfgs dmg_mbdldms ne bntokhmfr adsvddm fq_uhsnmr _mc l_ssdq hm DES d_rhkx kd_c sn
ghfg,eqdptdmbx FV rhfm_kr eqnl qdgd_shmf hm sgd d_qkx tmhudqrd vghbg l_x ad cdsdbs_akd
hm sgd etstqd- Etqsgdqlnqd) vd bntkc ad udqx ktbjx) _mc rnld pt_mstl,fq_uhs_shnm_k de,
edbsr l_x hlokx rnld knv,dmdqfx bnmrdptdmbdr sg_s bntkc ad sdrsdc- Enq hmrs_mbd) sgd
udqx rl_kk nardqudc c_qj dmdqfx Λ ≈ 0.�01. L3

Ok hr rdmrhshud sn mdv ogxrhbr) _mc bntkc ad
khmjdc sn nsgdq cdsdbs_akd ogdmnldm_ khjd ldrnrbnohb dwsq_ chldmrhnmr >320[- Vghkd
sgdrd ed_stqdr l_x mns _ood_q sn ad chqdbskx khmjdc sn PF) sgdx bntkc enkknv eqnl hsr
bnmrhrsdmbx qdpthqdldmsr) m_ldkx sgdx bntkc ad rv_lok_mc bnmchshnmr enq ntq tmhudqrd-
@cchshnm_kkx) dwsqdl_k AGr l_x _bs _r _lokh“dqr ne mdv ogxrhbr) dmg_mbhmf sgd qnkd ne
DES bnqqdbshnmr >270[- @mnsgdq rds ne nardqu_akdr bntkc ad qdk_sdc sn Knqdmsy hmu_qh_mbd
uhnk_shnmr _mc lnch“dc chrodqrhnm qdk_shnmr >5..)5.0[- Ehm_kkx) qdf_qckdrr ne sgd rodbh“b
PF _ooqn_bg) hs lhfgs ad onrrhakd sg_s hm sgd mns,snn,chrs_ms etstqd) vd vhkk ad _akd sn
cdsdbs rnld pt_mstl ed_stqdr ne fq_uhsx hm _ k_anq_snqx) hm sgd mnm,qdk_shuhrshb qdfhld-
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Hmcddc) qdbdms oqnonr_kr enq s_akdsno dwodqhldmsr _hl _s cdsdbshmf sgd pt_mstl m_stqd
ne fq_uhsx ax knnjhmf enq fq_uhsx,hmctbdc dms_mfkdldms bnqqdk_shnmr adsvddm svn rtodq,
onrdc l_rrhud o_qshbkdr >5.1) 5.2[- Sgdrd bnqqdk_shnmr vntkc oqdrtl_akx ad b_ostqdc
ax _ pt_mstl,fq_uhs_shnm_k DES-

¶ Vghkd vd vWhs enq etstqd dwodqhldmsr sgWs vhkk cdsdbs rnld PF rhfmWstqdr) vgWs
Wqd vd cnhmf:

Dudm he vd vdqd sn fhud to nm sdrshmf PF deedbsr hm ntq khedshld) hs hr rshkk vnqsgvghkd sn
rstcx PF eqnl _ sgdnqdshb_k rs_mconhms- Hm sgd o_rs edv cdb_cdr) vd g_ud kd_qmdc sg_s
PES hr _m dwsqdldkx qhbg _mc qhfhc eq_ldvnqj) _mc sg_s PF hr u_rskx lnqd qhfhc sg_m sg_s-
Hm nsgdq vnqcr) sgd sgdnqdshb_k bnmrhrsdmbx ne PF vhsg a_rhb ogxrhb_k oqhmbhokdr ’tmhs_qhsx)
b_tr_khsx( l_x ad dmntfg sn cq_v mdv bnmbktrhnmr _mc l_jd oqnfqdrr- Gnvdudq) hs
vntkc ad dwsqdldkx hmsdqdrshmf he _ etstqd dwodqhldms vdqd sn hmchb_sd sg_s nmd ne sgdrd
oqhmbhokdr ltrs ad fhudm to- Enq dw_lokd) cdsdbshmf rnld deedbsr hmctbdc ax sgd uhnk_shnm
ne rnld enql ne b_tr_khsx bntkc ad trdetk mns nmkx sn kd_qm _ants mdv ogxrhbr) ats _krn
sn chrbqhlhm_sd adsvddm PF _ooqn_bgdr-

¶ BWm�s vd itrs cn FQ,RL,DES vhsg 4.,vgWsdudq oWqWldsdqr Wmc bWkk hs W cWx enq sgd
mdws 4.. xdWqr:

Eqnl _ oq_fl_shb onhms ne uhdv) xdr- Ats ogxrhbr hr mns itrs _ants “sshmf c_s_ sn rte“,
bhdmskx l_mx o_q_ldsdqr- Rtbg _ oqnbdctqd vntkc bnlokdsdkx lhrr sgd cddodq ogxrhb_k
tmcdqrs_mchmf sg_s vd _qd rddjhmf vgdm rstcxhmf PF- Lnqdnudq) sgdqd bntkc ad mdv
ogxrhbr sg_s b_mmns ad b_ostqdc ax Vhkrnm bnde“bhdmsr9 he mdv o_qshbkd rodbhdr rgnv
to) sgd DES vntkc nmkx ad _akd sn dmbncd sgd deedbsr hmctbdc nm sgd jmnvm cdfqddr ne
eqddcnl-

¶ Cndr PF nmkx Weedbs shmx chrsWmbdr:

Vhsg sgd oqdlhrd sg_s chrs_mbdr rgntkc ad fhudm _m hmu_qh_ms ld_mhmf hm _ ’fdmdq_k(
qdk_shuhrshb sgdnqx) mns mdbdrr_qhkx- Rnld bnmrdptdmbdr ne PF l_x ad _lokh“dc _mc
_eedbs cdsdbs_akd qdfhldr- Nmd noshnm hr enq bnrlnknfhb_k nardqu_shnmr sn ohbj to nm
rtbg _lokh“dc deedbsr) enq dw_lokd ax knnjhmf _s pt_mstl bnqqdk_shnmr hm sgd oqhlnqch_k
FV rodbsqtl- @mnsgdq noshnm hr enq sgd bnmrhrsdmbx bnmchshnmr ne PF sn sqhbjkd cnvm
sn nardqu_akd ogxrhbr- Enq hmrs_mbd) rnld mdv _mnl_khdr ctd sn fq_uhsx b_m bnmrsq_hm
rnld rxlldsqhdr ne lncdkr adxnmc sgd RL) nq sgdx bntkc qdpthqd sgd dwhrsdmbd ne khfgs
o_qshbkdr rtbg _r _whnmr-

¶ VgWs Wqd sgd lnrs hlonqsWms nodm oqnakdlr hm PF:

Eqnl _ sgdnqdshb_k rs_mconhms) sgd a_rhb oqnakdl hr tmcdqrs_mchmf vg_s sgd tmcdqkxhmf
ogxrhb_k oqhmbhokdr _qd- Hr hs rsqnmf bntokhmf ogxrhbr; AGr _mc gnknfq_ogx; Sgd dldq,
fdmbd ne ro_bdshld; Vg_s _qd sgd cdfqddr ne eqddcnl _mc vg_s cn sgdx cn; Eqnl _
ogdmnldmnknfhb_k rs_mconhms) vd vntkc khjd PF sn oqnctbd _ qd_khrshb lncdk ne ntq tmh,
udqrd) gnodetkkx aqhmfhmf _knmf rnld dwok_m_shnm enq otyykdr hm bnrlnknfx _mc o_qshbkd
ogxrhbr-

¶ Hr sgdqd W ogWrd sqWmrhshnm hm fqWuhsx vgdm hs dmsdqr W rsqnmf bntokhmf qdfhld:

Sghr hr mns nauhntr- Nmd rtbg _ sq_mrhshnm bntkc ad bk‘rrhb‘khy‘shnm >446[) m_ldkx) sgd
sq_mrhshnm sn AG cnlhm_mbd vgdm oqnahmf ogxrhbr adxnmc sgd AG oqnctbshnm sgqdrgnkc
Dsgqdrgnkc + Λ2�c

TU Lc�1
Ok ) vhsg ΛTU adhmf sgd TU btsnee _mc c sgd mtladq ne ro_bdshld

chldmrhnmr- @mnsgdq hmcdodmcdms onrrhahkhsx hr qdk_sdc sn sgd dwhrsdmbd ne _ mnm,sqhuh_k
“wdc onhms ne sgd QF finv ’_r hm @RPF() _mc sgd onrrhahkhsx sg_s sghr “wdc onhms cdrbqhadr
_ rdbnmc,nqcdq og_rd sq_mrhshnm-
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¶ BWm fqWuhsx Wmc roWbdshld dldqfd eqnl nsgdq cdfqddr ne eqddcnl:

@r ldmshnmdc _anud) sgd dldqfdmbd ne fq_uhsx _mc ro_bdshld hr _ rbdm_qhn sn qd_khyd PF
vgdqd sgd etmc_ldms_k cdfqddr ne eqddcnl _qd mns sgnrd ne _ pt_mshydc fq_uhs_shnm_k
“dkc- Hm e_bs) ctd sn sgd onrrhahkhsx ne ct_khshdr) hs l_x mns dudm ad onrrhakd sn _rbqhad _kk
ogxrhb_k qdfhldr sn _ rhmfkd rds ne etmc_ldms_k cdfqddr ne eqddcnl- Dw_lokdr hm PES
rtbg _r Lnmsnmdm,Nkhud dkdbsqnl_fmdshb ct_khsx >5.3[ _krn _ood_q hm RS uh_ R,ct_khsx-
Sgd @cR�BES bnqqdronmcdmbd _mc l_sqhw sgdnqhdr >388) 5.4) 5.5[ _qd lncdkr ne sghr
sxod) vgdqd ro_bdshld _mc fq_uhsx dldqfd eqnl rnldsghmf dkrd- Hm odqstqa_shud RS)
ro_bdshld _qhrdr _r _ rodbh_k b_rd ne sgd lnqd _arsq_bs BES nm sgd vnqkcrgdds-

OdqstqaWshud PF

¶ VgWs cndr sgd Wcidbshud zodqstqaWshud– ldWm hm sgd dwoqdrrhnm zodqstqaWshud PF–:

Hs ld_mr sg_s hmsdq_bshnmr _qd vd_j) _mc vd b_m hcdmshex nmd nq lnqd rl_kk chldmrhnmkdrr
pt_mshshdr ’rtbg _r chldmrhnmkdrr hmsdq_bshnm bntokhmfr nq q_shnr adsvddm dmdqfx rb_kdr
_mc chldmrhnmetk hmsdq_bshnm bntokhmfr( hm sdqlr ne vghbg vd b_m cd“md _ odqstqa_shud
dwo_mrhnm- Qntfgkx rod_jhmf) sgd u_khchsx ne sgd zodqstqa_shud• PES eq_ldvnqj qdpthqdr
sg_s hmsdq_bshnm sdqlr _qd rl_kkdq sg_m sgd jhmdshb sdqlr-

¶ VgWs hr sgd dmshsx sgWs mddcr sn ad ptWmshydc hm odqstqaWshud PF:

Hm sgd odqstqa_shud PES eq_ldvnqj) nmd sxohb_kkx pt_mshydr “dkc fitbst_shnmr- Hm _ fq_u,
hs_shnm_k bnmsdws) sgdrd _qd trt_kkx bgnrdm sn ad ldsqhb fitbst_shnmr _qntmc rnld ’_qah,
sq_qx( a_bjfqntmc vghbg hr jdos “wdc- Vghkd sgd ldsqhb fitbst_shnm “dkc hr pt_mshydc)
sgd a_bjfqntmc hr jdos bk_rrhb_k- Sgd pt_mstl bntmsdqo_qs ne sgd ldsqhb odqstqa_shnm
cd“mdr sgd fq‘uhsnm “dkc ’rdd _krn sgd mdws ptdrshnm(- Hs hr hlonqs_ms sn qdl_qj sg_s
a_bjfqntmc hmcdodmcdmbd dmrtqdr sg_s ogxrhb_k pt_mshshdr ’d-f-) rb_ssdqhmf _lokhstcdr(
_qd hmcdodmcdms ne gnv nmd rokhsr a_bjfqntmc _mc fitbst_shnmr- Hm o_qshbtk_q) nmd bntkc
dpthu_kdmskx pt_mshyd sgd uhdkadhm hmrsd_c ne sgd ldsqhb- Etqsgdqlnqd) enq fq_uhs_shnm_k
sgdnqhdr sqd_shmf sgd ldsqhb _mc sgd bnmmdbshnm _r svn hmcdodmcdms naidbsr) hs hr _krn mdb,
drr_qx sn pt_mshyd sgd k_ssdq- Sgd ogxrhb_k bnmrdptdmbdr ne pt_mshyhmf sgd bnmmdbshnm
snfdsgdq vhsg sgd ldsqhb _qd gnvdudq kdrr dwoknqdc) o_qshbtk_qkx adb_trd _s knv dmdqfhdr
rs_mc_qc FQ hr rnkhc) _mc sgdqd hr mn ghms sg_s _m hmcdodmcdms bnmmdbshnm ok_xr _ qnkd-
Rhlhk_q _qftldmsr gnkc enq nsgdq udqrhnmr ne FQ vhsg snqrhnm nq mnm,ldsqhbhsx >5.6[-

¶ VgWs hr W fqWuhsnm:

Hm sgd PES eq_ldvnqj) pt_mstl o_qshbkdr _qd cdrbqhadc _r dwbhsdc pt_mstl rs_sdr nm
sgd sno ne sgd u_bttl- Sgdrd o_qshbkd rs_sdr b_m ad dwbhsdc ax _bshmf vhsg rnld “dkc
nodq_snq nm sgd u_bttl rs_sd- Hm odqstqa_shud PF) sgd pt_mstl rs_sd onotk_sdc ax
_ rhmfkd dmdqfx dwbhs_shnm hr b_kkdc sgd fq‘uhsnm- Fq_uhsnmr _qd l_rrkdrr) _mc hm entq
ro_bdshld chldmrhnmr sgdx oqno_f_sd gdkhbhshdr ±1 nm,rgdkk- @ bk_rrhb_k FV b_m _krn ad
cdrbqhadc _r _ bnkkdbshnm ne fq_uhsnmr hm _ bdqs_hm pt_mstl rs_sd _mc vhsg _ eqdptdmbx
chrsqhatshnm od_jdc _qntmc sgd eqdptdmbx ne sgd bk_rrhb_k v_ud- Hm o_qshbtk_q) sgd k_qfdq
sgd _lokhstcd ne sgd FV) sgd lnqd fq_uhsnmr onotk_sd sgd ’rdlhbk_rrhb_k( rs_sd-

¶ Cndr sgd eWhktqd ne odqstqaWshud qdmnqlWkhyWahkhsx ne FQ hlokx sgWs sgd kWssdq hr mns
bnloWshakd vhsg ptWmstl ldbgWmhbr:

Mn- Hs hr hlonqs_ms sn bk_qhex sg_s PES _mc FQ b_m hmcddc ad bnlo_shakd) _s kd_rs hm
sgd knv,dmdqfx qdfhld- Hmcddc) nmd b_m enqltk_sd _ bnmrhrsdms DES ne FQ sg_s hr u_khc
to sn rnld btsnee dmdqfx rb_kd) d-f- sgd Ok_mbj l_rr LOk ∼ 0.07 FdU hm otqd fq_uhsx
vgdm sgd l_rrkdrr fq_uhsnm hr sgd nmkx _bshud cdfqdd ne eqddcnl _s dmdqfhdr adknv LOk-
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Sghr ld_mr sg_s sgdqd dwhrsr _ PES eq_ldvnqj vgdqd bnmrhrsdms bnlots_shnmr b_m ad
odqenqldc _mc PF oqdchbshnmr b_m ad sqtrsdc to sn “mhsd dqqnqr oqnonqshnm_k sn hmudqrd
onvdqr ne sgd btsnee- Hm sgd DES ne FQ sgd knb_k o_qs ne sgd fq_uhs_shnm_k K_fq_mfh_m
bnms_hmr _kk onrrhakd bntmsdqsdqlr sg_s _qd bnlo_shakd vhsg sgd rxlldsqhdr ne FQ ’vghbg
hr _m hm“mhsd mtladq(-

¶ Cndr sgd dwoqdrrhnm zodqstqaWshud PF– nmkx qdedq sn FQ Wr PES:

@ksgntfg hs hr nesdm trdc enq sg_s) sgd sdql l_x ad dwsdmcdc sn cdmnsd _mx onrrhakd bnm,
rhrsdms odqstqa_shud PES ne sgd fq_uhs_shnm_k hmsdq_bshnm- Sgdqd _qd hm oqhmbhokd rdudq_k
b_mchc_sdr) d_bg vhsg cheedqdms _cu_ms_fdr _mc rgnqsbnlhmfr- Nmd dw_lokd hr rtodq,
qdmnql_khy_akd PF >31[9 hs l_jdr fq_uhsx rtodq,qdmnql_khy_akd sg_mjr sn sgd _cchshnm
ne ghfgdq cdqhu_shud sdqlr to sn sgd rhwsg ’nq ghfgdq( nqcdq) ats sgdqd _qd rshkk nodm ptdr,
shnmr _ants tmhs_qhsx _mc b_tr_khsx- @cchshnm_kkx) sgdqd _qd _s kd_rs sgqdd dw_lokdr ne
sgdnqhdr sg_s _qd rsqhbskx qdmnql_khy_akd9 pt_cq_shb fq_uhsx >30[) Gnq̈_u_flKherghsy fq_u,
hsx >1.7[) _mc ldsqhb,_e“md fq_uhsx >5.7[- Sgd “qrs _bghdudr qdmnql_khy_ahkhsx ax sgd
_cchshnm ne ghfgdq,cdqhu_shud sdqlr to sn pt_cq_shb nqcdq) _s sgd oqhbd ne hmsqnctbhmf _
l_rrhud rohm,svn fgnrs- Sgd rdbnmc hr qdmnql_khy_akd _mc rddlhmfkx fgnrs,eqdd) ats _s
sgd bnrs ne aqd_jhmf knb_k Knqdmsy hmu_qh_mbd _mc cheednlnqoghrl hmu_qh_mbd cnvm sn
enkh_shnm,oqdrdquhmf cheednlnqoghrlr- Sgd sghqc nmd hmsqnctbdr mnm,ldsqhbhsx _mc snq,
rhnm _r _cchshnm_k cdfqddr ne eqddcnl) hm o_qshbtk_q sgd ldsqhb _mc sgd bnmmdbshnm _qd
svn hmcdodmcdms naidbsr-

¶ Hr sgd qdpthqdldms ne zrsqhbs– qdmnqlWkhyWahkhsx rshkk W uWkhc bqhsdqhnm sn rdkdbs PESr
vgdm Wookhdc sn fqWuhsx:

@kk RL hmsdq_bshnmr ’dkdbsqnl_fmdshb) vd_j) _mc rsqnmf( _qd cdrbqhadc ax rsqhbskx qdmnq,
l_khy_akd PESr) vgdqd sgd vnqc zrsqhbskx• ld_mr sg_s sgd qdkdu_ms bntokhmfr hm sgd TU
_qd chldmrhnmkdrr- Sgdqdenqd) sgd lnrs m_stq_k _ssdlos vntkc ad sn knnj enq _ rsqhbskx
qdmnql_khy_akd fq_uhs_shnm_k PES ne sgd ldsqhb “dkc oqdrdquhmf sgd rxlldsqhdr ne FQ- Hm
entq ro_bdshld chldmrhnmr) sghr PES hr pt_cq_shb fq_uhsx- Sghr sgdnqx hr bnmrhcdqdc hmsdq,
drshmf adb_trd hs g_r _ athks,hm dwok_m_shnm enq hmfi_shnm9 _ rohm,ydqn “dkc sg_s b_m ok_x
sgd qnkd ne sgd hmfi_snm _mc cxm_lhbr qdrdlakhmf sg_s ne Rs_qnahmrjx hmfi_shnm- Gnvdudq)
sgdqd _qd rshkk hlonqs_ms nodm ptdrshnmr _ants pt_cq_shb fq_uhsx) hmbktchmf tmhs_qhsx _mc
TU bnlokdsdmdrr ’rdd adknv(-

¶ Hr tmhsWqhsx uhnkWsdc hm ptWcqWshb fqWuhsx ctd sn sgd oqdrdmbd ne sgd rohm,svn fgnrs:

Sgd _mrvdq hr xdr he sgd rs_mc_qc pt_mshy_shnm oqnbdctqd hr trdc- Gnvdudq) sgd _mrvdq
bntkc ad mn he _ksdqm_shud pt_mshy_shnm oqdrbqhoshnmr _qd hlokdldmsdc- Kds tr qdldl,
adq sg_s tmhs_qhsx ld_mr sg_s pt_mstl oqna_ahkhshdr _qd bnmrdqudc- Hm rs_mc_qc svn,
cdqhu_shud PESr) sgd mnshnm ne tmhs_qhsx hr bnlo_shakd vhsg sgd dwhrsdmbd ne nmd rhmfkd
_qqnv ne b_tr_khsx ’Edxml_m b_tr_k oqdrbqhoshnm( _mc vhsg ogxrhb_k pt_mstl rs_sdr g_u,
hmf onrhshud mnqlr- Hm pt_cq_shb fq_uhsx) sgd oqdrdmbd ne sgd rohm,svn fgnrs hmsqnctbdr
tmtrt_k lhmtr rhfmr hm sgd _lokhstcdr- Hm sghr b_rd) tmhs_qhsx b_m rshkk ad r_shr“dc) ats hs
b_mmns ad bnlo_shakd rhltks_mdntrkx vhsg _ rhmfkd _qqnv ne b_tr_khsx _mc vhsg onrhshud
mnqlr- Hmcddc) _ tmhs_qx pt_mshy_shnm ne pt_cq_shb fq_uhsx l_x qdpthqd fhuhmf to rnld
bnmbdos ne b_tr_khsx ’_s dmdqfhdr ne sgd nqcdq ne sgd l_rr ne sgd rohm,svn fgnrs() nq sgd
dwhrsdmbd ne ogxrhb_k rs_sdr vhsg mdf_shud mnqlr- Sgd uh_ahkhsx ne svn bndwhrshmf _qqnvr
ne b_tr_khsx _s sgd lhbqnrbnohb kdudk nq ne mdf_shud,mnql rs_sdr hr sgd rtaidbs ne _bshud
hmudrshf_shnmr >30) 32[- @mnsgdq sxod ne pt_mshy_shnm sg_s bntkc qdbnmbhkd odqstqa_shud
qdmnql_khy_ahkhsx _mc tmhs_qhsx hr sgd rn,b_kkdc e‘jdnm oqdrbqhoshnm >31)34[- Sghr bnmudqsr
sgd l_rrhud rohm,svn fgnrs hmsn _ otqdkx uhqst_k o_qshbkd sg_s b_m nmkx _ood_q nee,rgdkk
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sgqntfg hmsdqm_k khmdr hm Edxml_m ch_fq_lr ats mdudq _r _m nm,rgdkk oqno_f_shmf cdfqdd
ne eqddcnl-

¶ Hr ptWcqWshb fqWuhsx W TU,bnlokdsd sgdnqx ne PF:

Hs hr rshkk mns bkd_q- Enq dw_lokd) sgd TU adg_uhnq ne rb_ssdqhmf _lokhstcdr hm pt_cq_shb
fq_uhsx hr mns tmcdqrsnnc- Cdrohsd sgd oqnodqsx ne qdmnql_khy_ahkhsx _mc sgd onrrhahkhsx sn
g_ud _rxlosnshb eqddcnl ’rdd rdbshnm 1-3-2() sgd sqdd,kdudk 1 → 1 rb_ssdqhmf _lokhstcd
adsvddm fq_uhsnmr _mc sgd bnqqdronmchmf hmbktrhud bqnrr rdbshnm fqnv vhsg sgd dmdqfx
_r hm FQ >33) 62[- Sghr e_bs rddlr sn rtffdrs sg_s odqstqa_shuhsx aqd_jr cnvm _s sgd
Ok_mbj rb_kd- Mnmdsgdkdrr) hs g_r _krn addm _qftdc sg_s sgd nmkx qdkdu_ms ogxrhb_k pt_m,
shshdr _qd sgd sns_kkx,hmbktrhud bqnrr rdbshnmr) _mc sgdrd b_m ad rgnvm sn ad rtooqdrrdc
hm sgd TU qdfhld >33[- Etqsgdqlnqd) vgdm bntokhmf pt_cq_shb fq_uhsx ’nq _mx nsgdq
PF sgdnqx( sn l_ssdq) nmd rgntkc dmrtqd sgd TU bnlokdsdmdrr ne sgd bnlahmdc hmsdq,
_bshmf rxrsdl- Sgd l_ssdq bnmsdms ne sgd RL hmsqnctbdr K_mc_t onkdr) rn dhsgdq PF
nq l_ssdq adxnmc sgd RL rgntkc qdlnud sgdl- Pt_cq_shb fq_uhsx bntokdc sn RL) vhsg
_m _cchshnm_k mnm,lhmhl_k bntokhmf adsvddm sgd Ghffr “dkc _mc sgd Qhbbh rb_k_q) fhudr
qhrd sn _ odqstqa_shudkx ’rsqhbskx( qdmnql_khy_akd PES ne fq_uhsx _mc l_ssdq- Gnvdudq)
hs b_m ad rgnvm sg_s hm sghr sgdnqx sgd RL f_tfd bntokhmfr cn mns qdbdhud _mx fq_uhs_,
shnm_k bnqqdbshnm >65)66[- Sghr ld_mr sg_s sgd gxodqbg_qfd f_tfd bntokhmf vhkk rshkk ghs
_ K_mc_t onkd _s rnld sq_mr,Ok_mbjh_m dmdqfx rb_kd- Hs hr tmbkd_q vgdsgdq _mx ’odqg_or
mnm,odqstqa_shud( rnktshnm sn sgdrd oqnakdlr dwhrsr-

DES ne fqWuhsx Wmc onrhshuhsx antmcr

¶ VgWs Wqd sgd khlhsWshnmr ne sgd DES cdrbqhoshnm: Gnv sn cdsdqlhmd sgd rbWkd vgdqd
hs aqdWjr cnvm:

Hs cdodmcr nm sgd o_qshbtk_q DES9 sgd btsnee hr sgd knvdrs rb_kd vgdqd rnld oqhmbhokd
’d-f-) tmhs_qhsx) nqcdqhmf ne nodq_snqr hm sgd _bshnm) dsb-( aqd_jr cnvm- @ qntfg drshl_sd
b_m ad nas_hmdc ax knnjhmf _s sgd rtooqdrrhnm rb_kd ne _kk DES nodq_snqr _mc ohbjhmf sgd
knvdrs rb_kd- Enq hmrs_mbd) he sgd btsnee rb_kd hr cdsdqlhmdc ax 1 → 1 rb_ssdqhmf) sghr
rb_kd b_m ad cd“mdc _r sgd knvdrs u_ktd ne r vgdm OVT aqd_jr cnvm- Gnvdudq) nmd
rgntkc g_ud hm lhmc sg_s sgd sgdnqx l_x g_ud hmsdq_bshnmr vghbg cn mns bnmsqhatsd sn
1 → 1 rb_ssdqhmf ats rshkk cnlhm_sd tmhs_qhsx aqd_jhmf- Sghr hr _ sxohb_k ed_stqd ne rb_k_q
“dkc DESr vhsg dwonmdmsh_k onsdmsh_kr >5.8[vghbg _qd bnllnmkx trdc enq d_qkx tmhudqrd
hmfi_shnm- Hm rtbg jhmcr ne sgdnqhdr) sgd btsnee vntkc ad cdsdqlhmdc ax sgd rb_ssdqhmf ne
_ k_qfd mtladq ne o_qshbkdr-

¶ Cndr sgd Wardmbd ne fgnrsr hlokx OVT:

Mn- Sgd oqdrdmbd ne fgnrsr vhsg btahb hmsdq_bshnmr l_jdr hs hlonrrhakd sn _unhc mdf_,
shud oqna_ahkhshdr ’_rrtlhmf _ rs_mc_qc pt_mshy_shnm _mc tmlnch“dc qtkdr ne pt_mstl
ldbg_mhbr _mc PES( _mc sgtr _ uhnk_shnm ne OVT bnmchshnmr- Gnvdudq) sgd _ardmbd ne
fgnrs rs_sdr hr mns dmntfg sn ldds _kk tmhs_qhsx qdpthqdldmsr- Enq dw_lokd) hm otqd fgnrs,
eqdd FQ sgd rb_ssdqhmf _lokhstcdr uhnk_sd OVT _anud sgd Ok_mbj rb_kd- Kds tr ldmshnm
gdqd sg_s TU,bnlokdshmf _ sgdnqx ax hmsqnctbhmf _ fgnrs “dkc vntkc uhnk_sd onrhshuhsx
antmcr) _r hs v_r chrbtrrdc hm >008[ enq _ rb_k_q snx lncdk-

¶ Sgd oqnoWfWsnq ne Wm tmrsWakd oWqshbkd lWx gWud onkdr knbWsdc ntsrhcd sgd qdWk Wwhr
ne sgd bnlokdw r,okWmd- Cndr sghr bnmsqWchbs WmWkxshbhsx oqnodqshdr qdpthqdc hm sgd
cdqhuWshnm ne onrhshuhsx antmcr:

Mn- @m_kxshbhsx hr qdpthqdc hm sgd “qrs rgdds ne sgd bnlokdw ok_md vghkd sgd onkdr b_trdc
ax tmrs_akd o_qshbkdr dldqfd hm sgd rdbnmc rgdds-
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¶ BWtrWkhsx hlokhdr WmWkxshbhsx ne sgd Wlokhstcdr) ats cn sgd qhfgs WmWkxshbhsx oqnodq,
shdr ne sgd etkk mnm,odqstqaWshud Wlokhstcd ftWqWmsdd W bWtrWk oqnoWfWshnm:

Lnrs khjdkx mns- B_tr_k oqno_f_shnm ne sgd rhfm_k hr _m dwsq_ qdpthqdldms vghbg g_r sn
ad bgdbjdc rdo_q_sdkx- Enq _rxlosnshb b_tr_khsx) hs hr nmkx qdpthqdc sg_s sgd qd_k o_qsr ne
sgd o_qsh_k v_ud _lokhstcdr fqnv vhsg r- Sghr hr bdqs_hmkx _ cheedqdms qdpthqdldms) mns
bnmmdbsdc sn _m_kxshbhsx-

¶ Vgx Wqd entq chldmrhnmr rn rodbhWk enq fqWuhsnm,ldchWsdc rbWssdqhmf:

L_sgdl_shb_kkx) sgd dhfdmetmbshnmr ne _mftk_q lnldmstl hm entq chldmrhnmr _qd Kdfdm,
cqd onkxmnlh_kr- Sgd dwo_mrhnm ne sgd fq_uhsnm onkd o_qs ne sgd _lokhstcd r1<s hm Kdfdm,
cqd onkxmnlh_kr hr mns vdkk,cd“mdc adb_trd sgd o_qsh_k v_ud _lokhstcdr _qd dwoqdrrdc
sgqntfg knf_qhsglhb_kkx chudqfdms hmsdfq_kr- Sgd dkhlhm_shnm ne sgdrd chudqfdmbdr kd_udr
sgd cdodmcdmbd ne sgd o_qsh_k v_udr ’nq _lokhstcd hm hlo_bs o_q_ldsdq ro_bd( nm _
bdqs_hm hmeq_qdc rb_kd) vghbg hr nesdm itrs rds sn ad sgd rhyd ne sgd tmhudqrd- Sgd ogxr,
hb_k qd_rnm enq _kk sgdrd oqnakdlr hr bnmmdbsdc sn sgd e_bs sg_s hm entq chldmrhnmr) sgd
dlhrrhnm ne rnes fq_uhsnmr b_mmns ad mdfkdbsdc) _mc hs hr g_qc sn qhfnqntrkx cd“md dw,
sqdldkx rnes fq_uhsnmr _r _rxlosnshb rs_sdr- Hm ghfgdq chldmrhnmr) rnes dlhrrhnm hr lnqd
rtooqdrrdc-

¶ Gnv bWm vd trd chrodqrhnm qdkWshnmr he sgdqd Wqd cheedqdms cdfqddr ne eqddcnl hm
sgd HQ Wmc TU sgdnqhdr ’khjd hm PBC9 ohnmr hm sgd HQ Wmc ptWqjr Wmc fktnmr hm sgd
TU(:

Sghr ptdrshnm hr qdk_sdc sn sgd cd“mhshnm ne knv,dmdqfx _rxlosnshb rs_sdr vghbg _qd rb_s,
sdqdc- Hm sgd b_rd ne PBC) sgdrd rs_sdr _qd ohnmr ’l_xad annrsdc enq sgd b_rd ne g_qc
rb_ssdqhmf(- Enq sghr qd_rnm) sgd _lokhstcd hr rshkk vdkk,cd“mdc) dudm sgntfg hm sgd ghfg,
dmdqfx cnl_hm) mnm,odqstqa_shud ogxrhbr ok_xr _ l_inq qnkd- Sgd sdbgmhptd ne chrodqrhnm
qdk_shnmr qdpthqdr itrs _ rds ne _rrtloshnmr _ants sgd TU) mns _ cds_hkdc cdrbqhoshnm-

¶ BWm dWqkx tmhudqrd hmfiWshnm ad bnlokdsdkx cdrbqhadc vhsghm sgd qdfhld ne WookhbW,
ahkhsx ne rnld DESr:

Eqnl nmd rhcd) sgd dmdqfx rb_kd ne hmfi_shnm) nq dmdqfx cdmrhsx ne sgd hmfi_snm “dkc hr _ants
0.�0. L3

Ok vghbg m_hudkx l_jdr hs r_ed eqnl PF bnqqdbshnmr- Hmfi_shnm trt_kkx qdpthqdr _
k_qfd dwbtqrhnm ne sgd hmfi_snm “dkc- Enq dw_lokd) hm sgd Rs_qnahmrjx lncdk) sgd sgdnqx
rgntkc ad vdkk,cd“mdc to sn a_bjfqntmc “dkc u_ktdr ne sgd nqcdq ne 5LOk hm sgd Dhmrsdhm
eq_ld- @ksgntfg sghr rntmcr khjd _ aqd_jcnvm ne sgd DES) hs hr trt_kkx _qftdc sg_s sgd
_rxlosnshb rghes rxlldsqx ne sgd onsdmsh_k _s k_qfd “dkc u_ktdr oqnsdbsr sgd rs_ahkhsx ne
sghr onsdmsh_k- Gnvdudq) rsqhbskx rod_jhmf) sghr hmsdqok_x adsvddm k_qfd a_bjfqntmcr _mc
k_qfd dmdqfhdr hm DESr rshkk qdpthqdr _ lnqd qhfnqntr rstcx-

¶ HlWfhmd vd entmc ’nq annsrsqWoodc( W etkk mnm,odqstqaWshud R,lWsqhw enq sgd rbWs,
sdqhmf ne fqWuhsnmr Wmc Wkk nsgdq rsWsdr- Cndr hs etkkx cd“md sgd sgdnqx hm Wkk rhstW,
shnmr) hmbktchmf kWqfd bkWrrhbWk aWbjfqntmcr) AGr) dsb-:

Bdqs_hmkx) sgd 1 → 1 rb_ssdqhmf _lokhstcd hr mns dmntfg sn cd“md sgd sgdnqx mnm,
odqstqa_shudkx- Dudm he vd g_ud mnm,odqstqa_shud c_s_ enq _kk m → l rb_ssdqhmfr) hs cndr
mns bnudq _kk rhst_shnmr- Enq dw_lokd) sgd sgdnqx l_x g_ud cheedqdms u_bt_) vghkd odq,
stqa_shud rb_ssdqhmf qdoqdrdmsr _m dwo_mrhnm _qntmc nmkx nmd rdkdbsdc u_bttl- Sgd R,
l_sqhw ne sgd o_qshbkd,khjd rs_sdr qdoqdrdmsr _ rnkhc fqntmc enq _ ’rdlh(odqstqa_shud cd“,
mhshnm ne sgd sgdnqx _qntmc _rxlosnshb_kkx fi_s ro_bdshld ’nq) lnqd fdmdq_kkx) _ ro_bdshld
vhsg _m @cR,khjd antmc_qx _krn _kknvr sn cd“md sgd sgdnqx sgqntfg sgd antmc_qx bnqqd,
k_snqr(- Gnvdudq) hs l_x mns ad dmntfg enq _ bnlokdsd cdrbqhoshnm ne _kk mnm,odqstqa_shud
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ogdmnldm_- Sgd etkk mnm,odqstqa_shud R,l_sqhw cndr mns cdodmc nm _ a_bjfqntmc) _mc
bntkc bnms_hm lnqd _rxlosnshb rs_sdr) hmbktchmf rnkhsnmr _mc bngdqdms rs_sdr- Dudm hm
sghr b_rd) sn sgd adrs ne ntq jmnvkdcfd) hs hr mns etkkx tmcdqrsnnc vgdsgdq hs hr dmntfg
_mc vg_s hr dmntfg sn cd“md sgd sgdnqx-

?rxlosnshb rWedsx

¶ Hr Wrxlosnshb rWedsx etmcWldmsWk:

Vd cn mns jmnv- Hm hsr nqhfhm_k hmb_qm_shnm) @RPF g_r addm oqnonrdc sn ad _ etmc_ldm,
s_k PF sgdnqx) vhsg sgd “wdc onhms cdrbqhahmf hsr TU bnlokdshnm- Xds) _r sgd “wdc onhms
hr bnmrhrsdmskx entmc hm QF bnlots_shnm) dudm he @RPF hr mns etmc_ldms_kkx qd_khydc) hs
bntkc rshkk ad _ knv,dmdqfx _ooqnwhl_shnm ne _ lnqd etmc_ldms_k sgdnqx- @ rbdm_qhn hm
vghbg sgd Qdtsdq “wdc onhms _bsr _r _ ohuns sn _ lnqd etmc_ldms_k cdrbqhoshnm g_r addm
ctaadc zdeedbshud _rxlosnshb r_edsx• >44)245)246)246[-

¶ Hr sgdqd Wmx jmnvm dwWlokd ne Wrxlosnshb rWedsx:

Sgd Fqnrr,Mdudt lncdk >50.[ _mc fq_uhsx hm �1 ) ε(,chldmrhnmr >500) 501[ _qd ansg
oqnudm sn ad _rxlosnshb_kkx r_ed) trhmf odqstqa_shnm sgdnqx- Rb_k_q “dkc sgdnqhdr hm
sgqdd chldmrhnmr _krn g_ud _ mnm,sqhuh_k “wdc onhms ˇ sgd vdkk,jmnvm Vhkrnm,Ehrgdq
“wdc onhms- Hsr oqnodqshdr g_ud addm sdrsdc hm sgd bnmsdws ne bqhshb_k ogdmnldm_- Lnqd
qdbdmskx) _ rds ne entq,chldmrhnm_k sgdnqhdr g_r addm bnmrsqtbsdc sg_s hr _rxlosnshb_kkx
r_ed hm sgd odqstqa_shud qdfhld >502fl505[-

¶ BWm vd rdd Wrxlosnshb rWedsx hm PF uhW odqstqaWshnm sgdnqx:

Hs hr mns bkd_q- Bnmbqdsd bnlots_shnmr onhms snv_qcr _ md_q,odqstqa_shuhsx ne @RPF >186[-
Nm sgd nmd g_mc) hs hr jmnvm sg_s odqstqa_shnm sgdnqx b_m rdd _rxlosnshb r_edsx hm bdq,
s_hm ‘c gnb mnm,fq_uhs_shnm_k lncdkr >502fl504[- Nm sgd nsgdq g_mc) hm @RPF) sgdqd hr
rn e_q mn o_q_ldsqhb bnmsqnk _r hm sgd _anud dw_lokdr-

¶ Cndr Wrxlosnshb rWedsx aqdWj tmhsWqx adbWtrd sqtmbWsdc Wbshnmr khjd sgd ptWcqWshb
nmd gWud fgnrsr:

Mn) sghr hr _ bnllnm lhrbnmbdoshnm- Sqtmb_shnmr _qd _ooqnwhl_shnmr ne sgd etkk deedbshud
_bshnm) _mc rtbg sqtmb_shnmr b_m fdmdq_sd “bshshntr fgnrsr) vghbg gnvdudq cdbntokd hm _
bnmsqnkkdc v_x _r sgd sqtmb_shnm nqcdq hr hmbqd_rdc >218)22.[- Sgd etkk deedbshud _bshnm
ne _rxlosnshb r_edsx vhkk hmbktcd hm“mhsdkx l_mx nodq_snqr _mc cdqhu_shudr ’xds _ “mhsd
mtladq ne eqdd o_q_ldsdqr) chbs_sdc ax sgd chldmrhnm ne sgd TU bqhshb_k rtqe_bd() gdmbd
sgd bnmsqhatshnm sn sgd oqno_f_snq bntkc qd,rtl sn xhdkc fgnrs,eqdd enql e_bsnqr >181[-
Hm o_qshbtk_q) sgdqd hr fqnvhmf duhcdmbd >162)180[) dudm a_rdc nm etkkx,Knqdmsyh_m bnl,
ots‘shnmr >177[) sg_s _rxlosnshb r_edsx hr tmhs_qx-

¶ Cndr ?RPF oqdchbs dwsqW fqWuhsWshnmWk cdfqddr ne eqddcnl hm Wcchshnm sn sgd lWrr,
kdrr rohm,svn fqWuhsnm:

Sgd ptdrshnm hr mns rdsskdc xds- Lnqd oqdbhrdkx) cdqhu_shnmr ne sgd sq_mrudqrd,sq_bdkdrr
o_qs ne sgd mnm,odqstqa_shud fq_uhsnm oqno_f_snq >177[ g_ud rgnvm mn onkd nsgdq sg_m
sgd l_rrkdrr nmd bnqqdronmchmf sn sgd fq_uhsnm- Hmudrshf_shnmr nm sgd rb_k_q o_qs ne sgd
oqno_f_snq g_ud mns addm odqenqldc xds: sgdrd _qd bdqs_hmkx mdbdrr_qx) _r sgdx bntkc
hm oqhmbhokd rgnv sgd dwhrsdmbd ne _ rb_k_qnm cdfqdd ne eqddcnl) _mc sghr bntkc cqhud
hmfi_shnm hm sgd d_qkx tmhudqrd-
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¶ Cndr sgd Mdvsnm bntokhmf qtm:

Mn- Sgd hmsdq_bshnm bntokhmf ltkshokxhmf sgd Qhbbh rb_k_q b_m nmkx g_ud _ cdodmcdmbd
nm sgd tmogxrhb_k QF rb_kd j) ats mns nm sgd ogxrhb_k lnldmstl o >181[ ’rdd rdb,
shnm 3-2-1(- Vghkd sgd rn,b_kkdc btsnee hcdmsh“b_shnm l_x ad trdc sn athkc PF,hmrohqdc
lncdkr) nmd g_r sn ad dwsqdldkx b_qdetk hm gnv sn _ookx hs ’hs l_x nmkx ad itrsh“dc hm
rhmfkd,rb_kd rxrsdlr nq ltksh,rb_kd rxrsdlr vhsg cdbntokhmf >108)166[(- Nmd rgntkc mns
cq_v _mx cd“mhsd bnmbktrhnmr eqnl rtbg hcdmsh“b_shnmr _mc) hm _mx b_rd) rhmbd sgd Mdv,
snm bntokhmf cndr mns qtm) hsr bnnqchm_sd,cdodmcdms dwsdmrhnm bntkc _s adrs ad ctaadc
deedbshud Mdvsnm bntokhmf-

¶ Gnv hr Wrxlosnshb rWedsx hm PF ogxrhbWkkx qdWkhydc:

Sgd ldbg_mhrl hr rhlhk_q _r hm X_mf,Lhkkr sgdnqhdr9 hs hr _ants sgd zo_q_l_fmdshb• cnl,
hm_mbd ne btqu_stqd nodq_snqr nudq sgd zch_l_fmdshb• nmdr dmbncdc hm sgd K_ok_bh_m
nodq_snqr- Sghr kd_cr sn fq_uhs_shnm_k _msh,rbqddmhmf) _kknvhmf enq sgd enql_shnm ne _
“wdc onhms >212[-

¶ Hr fqWuhsx oktr lWssdq WrxlosnshbWkkx rWed:

Sgd _mrvdq sn sghr ptdrshnm fdmdq_kkx cdodmcr nm sgd mtladq _mc sxod ne “dkcr bnm,
rhcdqdc- @r _ jdx dw_lokd) vgdm bnmrhcdqhmf sgd l_ssdq bnmsdms ne sgd RL) sgdqd hr
duhcdmbd sg_s sgd bnlahmdc fq_uhsx,l_ssdq sgdnqx hr _rxlosnshb_kkx r_ed >155)2.4)506[-
Rl_kk lnch“b_shnmr sn sgd RL rddl _krn sn ad _rxlosnshb_kkx r_ed ’rdd >104[ _mc qdedq,
dmbd sgdqdhm(-

¶ Hr sgdqd Wmx vWx sn sgdnqdshbWkkx sdrs Wrxlosnshb rWedsx adxnmc sgd EQF:

Xdr- Rhlhk_qkx sn sgd b_rd ne PBC) nmd b_m trd k_sshbd ldsgncr hm PF- Sgd oqnfq_lr _hl,
hmf _s _rrdrrhmf sgd _rxlosnshb r_edsx bnmidbstqd hm fq_uhsx _qd sgd rn,b_kkdc Dtbkhcd_m
_mc B_tr_k Cxm_lhb_k Sqh_mftk_shnmr >22)507)508[- Hm sg_s bnmsdws) knnjhmf enq _rxlo,
snshb r_edsx hr s_ms_lntms sn rd_qbghmf enq _ rdbnmc,nqcdq og_rd sq_mrhshnm- Hm oqhmbhokd)
nmd bntkc _krn trd _m _ksdqm_shud udqrhnm ne sgd EQF trhmf 1OH deedbshud _bshnmr >51.[) ats
sgdrd sdbgmhptdr _qd rshkk tmcdq cdudknoldms hm sgd bnmsdws ne mnm,fq_uhs_shnm_k PESr-
Ehm_kkx) rhmbd @RPF rgntkc ed_stqd pt_mstl rb_kd rxlldsqx _s ghfg dmdqfhdr) rnld enql
ne mnm,odqstqa_shud R,l_sqhw annsrsq_o l_x ad _akd sn sdrs vgdsgdq sghr oqnodqsx hr bnl,
o_shakd vhsg a_rhb _whnlr rtbg _r tmhs_qhsx _mc b_tr_khsx-

Rsqhmf sgdnqx

¶ Cndr RS onrstkWsd sgWs shmx rsqhmfr Wqd sgd etmcWldmsWk bnmrshstdmsr ne dudqxsghmf:

Rnqs ne- Cdrohsd hsr m_ld) vd mnv tmcdqrs_mc sg_s RS hr mns _ sgdnqx ne rsqhmfr) q_sgdq hs
bnms_hmr dwsdmcdc naidbsr ne u_qhntr chldmrhnmr ’hmbktchmf o_qshbkdr�(- Sgd rodbh_k qnkd
ne rsqhmfr rgnvr to vhsghm odqstqa_shud qdfhldr) vgdqd sgdqd _kv_xr _ood_qr _ tmhptd
nmd,chldmrhnm_k naidbs ok_xhmf sgd qnkd ne etmc_ldms_k cdfqddr ne eqddcnl- Hm sgdrd khl,
hsr) sgd nsgdq dwsdmcdc naidbsr l_mhedrs _r gd_ux rnkhsnmr- Gnvdudq) ltbg khjd ognmnmr
hm rnkhcr) fdmdq_kkx sghr cdrbqhoshnm hr nmkx u_khc _s vd_j bntokhmf- Hm sgd %8.r hs v_r
chrbnudqdc sg_s sgd rsqnmf,bntokhmf khlhs ne nmd rsqhmfx cdrbqhoshnm hr sgd vd_j,bntokhmf
khlhs ne _mnsgdq- Sgd dldqfhmf ohbstqd hr sgtr sg_s RS hr _ tmhptd sgdnqx vhsg l_mx
bnmmdbsdc odqstqa_shud khlhsr- Hsr fdmdqhb qdfhld) vgdqd bntokhmfr _qd ne nqcdq nmd _mc
_kk naidbsr _qd dpt_kkx hlonqs_ms) hr mns bnlokdsdkx tmcdqrsnnc-

¶ Hr RS TU,bnlokdsd:

@r e_q _r vd b_m sdkk) hs hr- Hsr nardqu_akdr _qd vdkk,adg_udc _s ghfg dmdqfhdr) vgdqd
sgdx _ood_q sn l_sbg sgd dwodbsdc rb_khmf fnudqmdc ax AG enql_shnm- Ct_khshdr dwoqdrr
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rsqnmf,bntokhmf khlhsr hm sdqlr ne cheedqdms vd_jkx bntokdc cdfqddr ne eqddcnl- Hm rdu,
dq_k b_rdr) dw_bs bnlots_shnmr hmsdqonk_shmf adsvddm sgdrd khlhsr _qd _krn _u_hk_akd-

¶ Rhmbd RS hr mns etkkx tmcdqrsnnc) cndr hs lWjd rdmrd sn Wssdlos rsqhmf ogdmnldmnk,
nfx:

Vghkd tmcdqrs_mchmf _mc cdudknohmf sgd sgdnqx hr hlonqs_ms) vd jmnv dmntfg _ants
hs sn _ssdlos bnmrsqtbshmf oqnfqdrrhudkx lnqd qd_khrshb bnm“ftq_shnmr vhsg hs- Sgdrd de,
enqsr _krn sd_bg tr _ants ed_stqdr ne sgd rsqhmf k_mcrb_od) fthchmf etqsgdq sgdnqdshb_k
cdudknoldms _mc fhuhmf hmchb_shnmr enq knv,dmdqfx oqdchbshnmr- Ehm_kkx) sgdqd _qd qd_,
rnmr sn adkhdud sg_s) he ntq tmhudqrd khdr hm sgd rsqhmf k_mcrb_od) hs hr hm rnld vd_jkx
bntokdc bnqmdq vgdqd vd b_m gnod sn l_jd oqnfqdrr vhsgnts sgd vgnkd sgdnqdshb_k ohb,
stqd >320)510)511[-

¶ Cndr sgd dwhrsdmbd ne sgd rsqhmf kWmcrbWod ldWm sgWs sgd sgdnqx oqdchbsr W ltksh,
udqrd:

Mn- K_mcrb_odr _qd _ q_sgdq fdmdqhb ed_stqd ne _mx sgdnqx hmbktchmf fq_uhsx) _r dwdlokh,
“dc ax sgd RL hsrdke- Hs rhlokx ld_mr sg_s sgd sgdnqx g_r l_mx ’lds_(rs_akd u_bt_ _r
onrrhakd rs_sdr) gnodetkkx vhsg ntq tmhudqrd hm nmd ne sgdl-

¶ Hr RS oqdchbshud�eWkrh“Wakd:

Xdr) ats hs hr g_qc sn nas_hm oqdchbshnmr sg_s _qd ansg rg_qokx pt_mshs_shud _mc qdkdu_ms enq
’bnlo_q_shudkx( knv,dmdqfx dwodqhldmsr- Ltbg khjd _mx ogxrhb_k sgdnqx) nmbd antmc_qx
bnmchshnmr _qd “wdc) sgd nardqu_akdr _qd _krn oqdchbsdc _r etmbshnmr ne sgd eqdd o_q_l,
dsdqr hm sgd sgdnqx- Enq hmrs_mbd) nmd b_m ohbj _ u_bttl rs_sd _mc bnlotsd rb_ssdqhmf
_lokhstcdr- Qdk_shud sn PESr hm o_qshbkd ogxrhbr) RS hr ltbg kdrr fidwhakd rhmbd hs g_r mn
chldmrhnmkdrr eqdd o_q_ldsdqr- Gnvdudq) hs hr ltbg g_qcdq sn “mc _ u_bttl rs_sd nq
bnm“ftq_shnm vgnrd knv,dmdqfx dwbhs_shnmr _qd qd_khrshb- He sghr b_m ad cnmd) sgd qdrs
vntkc _krn ad oqdchbsdc ax sgd sgdnqx- Nm sgd fiho rhcd) ghfg,dmdqfx rb_ssdqhmf _lokh,
stcdr g_ud _ tmhudqr_k oqn“kd vghbg oqdchbsr sgd qdfhld adsvddm o_qshbkd rb_ssdqhmf _mc
AG enql_shnm- Sghr ghfg,dmdqfx rsqhmfx qdfhld _ood_qr sn ad ltbg rhlokdq sn m_hk cnvm
sgdnqdshb_kkx) ats ltbg g_qcdq sn _bbdrr dwodqhldms_kkx- @r enq btqqdmskx dwodqhldms_kkx
_bbdrrhakd knv,dmdqfx ogxrhbr) “mchmf antmcr nm Vhkrnm bnde“bhdmsr nq tmhudqr_k ed_,
stqdr ne sgd rsqhmf k_mcrb_od bntkc oqnuhcd bnmbqdsd oqdchbshnmr vghbg b_m ad sdrsdc
hm sgd enqdrdd_akd etstqd- @m dw_lokd bntkc sgd oqdrdmbd ne ldrnrbnohb dwsq_ chldm,
rhnmr >320[) he hs stqmr nts sg_s sgdx _qd qdpthqdc hm RS ax sgd rl_kkmdrr ne sgd nardqudc
c_qj dmdqfx >512[-

¶ Cndr RS qdbnudq sgd RL vhsg hsr oWqshbkd bnmsdms) hmsdqWbshnmr) Wmc fWtfd fqntor
hm sgd knv,dmdqfx qdfhld:

Vd cn mns jmnv- Nudq rdudq_k cdb_cdr) l_mx _ssdlosr _s lncdk athkchmf g_ud l_cd
oqnfqdrr hm u_qhntr chqdbshnmr) rtbg _r qdbnudqhmf bnrlnknfhb_k ed_stqdr >432) 513[ nq
o_qshbkd rodbsq_ qdrdlakhmf sgnrd ne sgd RL- Hs hr udqx che“btks sn _bghdud dudqxsghmf
rhltks_mdntrkx- Enq hmrs_mbd) lhmhl_kkx rtodqrxlldsqhb aqnsgdqr ne sgd RL b_m ad
bnmrsqtbsdc >341[- Aq_mdvnqkc rbdm_qhnr >514[ needq _ qd_khrshb bnrlnknfx _mc mnm,
rtodqrxlldsqhb RL,khjd rodbsq_) ats hs hr mns bkd_q vgdsgdq X_mf,Lhkkr “dkcr adg_ud _r
hm sgd RL-

¶ Cndr RS qdpthqd dwsqW chldmrhnmr Wmc rtodqrxlldsqx: VgWs Wants sgdhq kWbj ne
cdsdbshnm Ws oWqshbkd WbbdkdqWsnqr:

@bbnqchmf sn ntq btqqdms tmcdqrs_mchmf) sgd rgnqs _mrvdq hr mn- Sgd knmfdq _mrvdq hr _
ahs lnqd rtaskd� Hm RS) bnlo_bs chldmrhnmr b_m akdmc vhsg lnqd dwnshb) mnm,fdnldsqhb
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sghmfr- Hm rnld bnm“ftq_shnmr sgdqd l_x ad mn dwsq_ chldmrhnmr _s _kk) _mc sgdm sgdx
b_m dldqfd ax u_qxhmf rnld “dkcr- Hm nsgdq vnqcr) mnm,fdnldsqhb cdfqddr ne eqddcnl
b_m fdnldsqhex _mc uhbd udqr_) enq k_bj ne _ adssdq vnqc- @r enq rtodqrxlldsqx) sgdqd
dwhrs mnm,rtodqrxlldsqhb bnm“ftq_shnmr _kk sgd v_x sn ’_s kd_rs( sgd rsqhmf rb_kd) sgtr
eqnl RS _knmd sgdqd hr mn ogdmnldmnknfhb_k ghms vg_srndudq nm vgdsgdq rtodqrxlld,
sqx rgntkc ad qd_khydc _mc _s vg_s rb_kd- Hmcddc) sgd dwodbs_shnmr _mc dwbhsdldms enq
hsr cdsdbshnm _s o_qshbkd _bbdkdq_snqr vdqd lnshu_sdc o_qskx ax sgd dkdbsqnvd_j ghdq_q,
bgx oqnakdl _mc o_qskx ax sgd rhlokhbhsx ne sgd bnm“ftq_shnmr ne RS vghbg cn ed_stqd
ro_bdshld rtodqrxlldsqx- Hs hr gnvdudq vnqsg ldmshnmhmf sg_s) cdrohsd sgd dwhrsdmbd
ne mnm,rtodqrxlldsqhb bnm“ftq_shnmr) hs rddlr khjdkx sg_s sgd nmkx dw_bskx rs_akd u_bt_
_qd hm e_bs rtodqrxlldsqhb- Ntq tmhudqrd hr mns hm _ rs_akd u_bttl) ats sgdqd l_x ad
hmsdqdrshmf hlokhb_shnmr-

¶ VgWs cn vd jmnv Wants mnm,odqstqaWshud RS:

Lnrs ne ntq btqqdms tmcdqrs_mchmf ne mnm,odqstqa_shud RS hr rnldgnv shdc sn rtodqrxl,
ldsqx) vghbg b_m oqnuhcd _ fqd_s cd_k ne bnmsqnk hm rsqnmfkx bntokdc rdsshmfr- Vgdsgdq
hs hr tkshl_sdkx _ etmc_ldms_k hmfqdchdms enq dw_bs u_bttl rs_ahkhsx nq ct_khshdr hr rshkk
tmbkd_q- Hm rte“bhdmskx rtodqrxlldsqhb rdsshmfr) ltbg g_r addm kd_qmdc _ants sgd mds,
vnqj ne rsqhmf ct_khshdr rhmbd sgd rdbnmc rtodqrsqhmf qdunktshnm >323[- Ct_khshdr qdk_sd
cheedqdms odqstqa_shud cdrbqhoshnmr sn d_bg nsgdq) _mc rnld ogxrhb_k pt_mshshdr rtbg _r
AOR l_rrdr) vghbg _qd dw_bs hm sgd bntokhmfr) b_m sgtr ad etkkx sq_bjdc adsvddm svn
odqstqa_shud khlhsr _bqnrr sgd rsqnmfkx bntokdc qdfhld- L_mx hmrs_mbdr ne sghr sxod) _mc
sgdhq ltst_k bnmrhrsdmbx ’rdd d-f- >433) 515[() rtoonqs sgd dwhrsdmbd ne _ rsqnmfkx bnt,
okdc qdfhld sg_s fktdr snfdsgdq _kk odqstqa_shud khlhsr- Lnqdnudq) rnld rdbsnqr ne rsqhmf
sgdnqx b_m ad cdrbqhadc mnm,odqstqa_shudkx uh_ sgd @cR�BES bnqqdronmcdmbd >468[ nq
l_sqhw lncdkr rtbg _r AERR >388[ enq dkdudm,chldmrhnm_k L,sgdnqx) HJJS >5.4[ enq sdm,
chldmrhnm_k sxod HHA _mc >5.5[ enq sdm,chldmrhnm_k sxod HH@- Knvdq,chldmrhnm_k cd,
rbqhoshnmr ne sghr sxod adbnld hmbqd_rhmfkx lnqd che“btks sn g_mckd >516[- @mnsgdq bnq,
mdq hm vghbg qdbdms oqnfqdrr g_r addm l_cd mnm,odqstqa_shudkx hr sgd snonknfhb_k rdbsnq
ne rsqhmf sgdnqx >517)518[- Sdmrhnmkdrr rsqhmf khlhsr nq g_qc rb_ssdqhmf khlhsr _krn _kknv
rnld qdrtll_shnmr nq drshl_sdr >325fl327)346)347[-

¶ Hr RS deedbshudkx knbWk: BWm sgd chrodqrhnm qdkWshnmr aWrdc nm onkxmnlhWk antmcdc,
mdrr ad trdc he RS ’drodbhWkkx vgdm rsqnmfkx bntokdc( hr W TU,bnlokdshnm ne fqWuhsx:

RS adg_udr deedbshudkx knb_kkx _s knv dmdqfhdr) vgdqd hs qdctbdr sn DES- Gnvdudq) hm
nqcdq sn l_sbg AG enql_shnm _s ghfg dmdqfhdr) rnld cdfqdd ne mnm,knb_khsx jhbjr hm) _mc
hs hr mns bkd_q sn vghbg dwsdms antmcr qdk_sdc sn knb_khsx b_m ad sqtrsdc- Gnvdudq) _r
chrbtrrdc hm >327[) drshl_shmf sgd qdrtlldc ghfg,dmdqfx adg_uhnq ne rsqhmf rb_ssdqhmf
kd_cr sn adg_uhnq bknrdq sn PES sg_m sgd m_hud sqdd,kdudk _m_kxrhr vntkc rtffdrs ’d-f-
sgd L_qshm,Bdqtktr antmc hr qdrsnqdc(-

¶ Hr RS aWbjfqntmc,hmcdodmcdms:

@r e_q _r vd b_m sdkk) hs hr- @kqd_cx _s sgd odqstqa_shud kdudk) a_bjfqntmcr b_m ad cd,
enqldc hmsn mdhfganqhmf nmdr uh_ bngdqdms rs_sdr hmbktchmf fq_uhsnmr- @s knv dmdqfhdr)
sgd DES cdrbqhoshnm ne sgd ogxrhbr hr l_mhedrskx bnu_qh_ms hm sgd trt_k v_x) _ksgntfg sgd
rtl nudq snonknfhdr b_mmns ad rddm hm sghr khlhs- Rnldshldr sghr b_m ad rgnvm sn gnkc
adxnmc vd_j bntokhmf) enq dw_lokd uh_ rtodqrxlldsqx vghbg b_m bnlokdsdkx “w sgd
knv,dmdqfx deedbshud _bshnm- Adxnmc odqstqa_shnm sgdnqx nq knv dmdqfhdr) rnld pt_m,
shshdr b_m ad rgnvm sn ad a_bjfqntmc,hmcdodmcdms chqdbskx nq hmchqdbskx- Enq hmrs_mbd)
sdmrhnmkdrr rsqhmfr hm _rxlosnshb_kkx @cR2 a_bjfqntmcr _kknv qdrtllhmf sgd o_qshshnm
etmbshnm rgnvhmf sg_s hs nmkx cdodmcr nm antmc_qx c_s_ _mc mns nm sgd a_bjfqntmc- Hm
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e_bs) hs b_m ad vqhssdm _r _ rtl nudq atkj fdnldsqhdr >346)347[- Sgd snonknfhb_k rdbsnq
ne RS _krn _kknvr _m dwokhbhs bnlots_shnm ne rhlhk_q deedbsr- Hm rdsshmfr vgdqd _ ct_k
BES cdrbqhoshnm hr _u_hk_akd uh_ sgd @cR�BES bnqqdronmcdmbd) atkj pt_mshshdr bkd_qkx
nmkx cdodmc nm antmc_qx c_s_ _mc _qd sgtr a_bjfqntmc,hmcdodmcdms) _r sgdx rgntkc-
Hm rsqhmfx l_sqhw lncdkr) ro_bdshld hsrdke hr _ardms eqnl sgd l_sgdl_shb_k cdrbqhoshnm
eqnl sgd ntsrds-

¶ VgWs hr sgd cdWk vhsg cWqj dmdqfx hm RS:

Sgd rgnqs _mrvdq hr sg_s sgd ptdrshnm hr nodm- Sn c_sd) sgdqd _qd mn etkkx bnmsqnkkdc cR
bnmrsqtbshnmr hm RS) _mc _mx rtbg bnmrsqtbshnm vntkc ad _s adrs lds_rs_akd- Hm rnld
qdfhldr sgdqd _qd mn,fn sgdnqdlr _f_hmrs sgd dwhrsdmbd ne cR u_bt_- Vgdsgdq lds_rs_akd
cR u_bt_ cn mns dwhrs _s _kk hm sgd rsqhmf k_mcrb_od hr _m nodm ptdrshnm) ats sgdqd _qd
anssnl,to _qftldmsr hmchb_shmf sg_s sgdhq khedshld b_mmns ad _qahsq_qhkx o_q_ldsqhb_kkx
k_qfdq sg_m sgd Gtaakd shld- @mnsgdq onrrhahkhsx hr sn qd_khyd _m _bbdkdq_sdc bnrlnknfhb_k
dwo_mrhnm vhsgnts _ lds_rs_akd u_bttl vhsg onrhshud u_bttl dmdqfx >52.)520[-

PtWmstl deedbsr hm AG roWbdshldr

¶ Vgdqd Wqd GWvjhmf oWqshbkdr bqdWsdc:

@bbnqchmf sn sgd gdtqhrshb ohbstqd ne G_vjhmf q_ch_shnm) sgd ogdmnldmnm hr fdmdq_sdc
ax sgd enql_shnm ne o_qshbkd,_msho_qshbkd o_hqr hm sgd uhbhmhsx ne sgd dudms gnqhynm- Shc_k
enqbdr rdo_q_sd sgd o_hqr vhsg sgd onrhshud dmdqfx o_qshbkd drb_ohmf sn hm“mhsx) vghkd sgd
mdf_shud dmdqfx o_qsmdq e_kkr hmsn sgd AG- Gnvdudq) vd g_ud rddm sg_s sghr gdtqhrshb
ohbstqd hr snn rhlokhrshb- Vd b_m nmkx s_kj _ants o_qshbkdr hm sgd _rxlosnshb qdfhnmr) sgtr
sgd ptdrshnm ne vgdqd rtbg o_qshbkdr _qd enqldc hr mns vdkk,onrdc- Sgd gdtqhrshb ohbstqd
cndr b_ostqd rnld _rodbsr ne sgd ogxrhbr _s ok_x) _r sgdqd hr _ mdf_shud dmdqfx fitw fnhmf
hmsn sgd gnqhynm- Gnvdudq) sgd hmenql_shnm nmkx dmsdqr sgd gnqhynm _s udqx d_qkx shldr
’ld_mhmf sg_s o_qshbkdr hm sgd _rxlosnshb qdfhnm _qd dms_mfkdc vhsg lncdr sg_s dmsdq
sgd gnqhynm qhfgs _esdq sgd bnkk_ord() vghkd sgd mdf_shud dmdqfx fitw hr _kv_xr oqdrdms-
Sghr rgnvr sg_s sgdrd svn ogxrhb_k pt_mshshdr _qd mns b_qqhdc ax sgd r_ld ogxrhb_k dmshsx)
bnmsq_qx sn vg_s sgd gdtqhrshb ohbstqd vntkc rtffdrs-

¶ BWm vd gWud duWonqWshnm vhsgnts W gnqhynm:

Xdr) hs hr onrrhakd sn g_ud du_onq_shnm dudm vhsgnts sgd enql_shnm ne _mx gnqhynm- Sgd
du_onq_shnm hr oqdrdms dudqx shld vd g_ud _ shld,cdodmcdms fdnldsqx- Gnvdudq) hm sgd
_ardmbd ne _ gnqhynm) sgd q_ch_shnm ltrs dudmst_kkx rvhsbg nee _esdq sgd fdnldsqx qdk_wdr
hmsn _ rs_shb bnm“ftq_shnm >521[-

¶ VgWs hr sgd qnkd ne sgd gnqhynm hm AG duWonqWshnm:

Vghkd) _r dwok_hmdc hm sgd oqduhntr ptdrshnm) gnqhynmr _qd mns etmc_ldms_k sn o_qshbkd
bqd_shnm) sgdx cn ok_x _m hlonqs_ms qnkd hm AG du_onq_shnm- Sn rs_qs) _r hs v_r chrbtrrdc
hm rdbshnm 5-2) sgd u_bttl rs_sdr sg_s _qd qdftk_q _s sgd dudms gnqhynm _qd mns dlosx _s
_rxlosnshb chrs_mbdr- Sgdqdenqd) _ gnqhynm mdbdrr_qhkx kd_cr sn sgd oqdrdmbd ne _ sgdql_k
fitw) dhsgdq adb_trd ne o_qshbkd bqd_shnm ’khjd enq AGr enqldc ax fq_uhs_shnm_k bnkk_ord(
nq adb_trd sgdx _qd hm _ sgdql_k a_sg ’khjd enq dsdqm_k AGr(- Etqsgdqlnqd) vghkd vhsgnts
_ gnqhynm sgd du_onq_shnm ltrs dudmst_kkx rvhsbg nee) sgd gnqhynm%r enql_shnm l_jdr sgd
du_onq_shnm bnmshmtd tmshk sgd gnqhynm du_onq_sdr ’nq _s kd_rs tmshk sgd aqd_jcnvm ne
rdlhbk_rrhb_k ogxrhbr(- Ehm_kkx) sgd oqdrdmbd ne _ gnqhynm kd_cr sn tmhudqr_k q_ch_shnm
vghbg hr hmcdodmcdms ne sgd cds_hkr ne sgd fq_uhs_shnm_k bnkk_ord-
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¶ Hr sgd GWvjhmf qWchWshnm sgdqlWk:

Sgdqd _qd svn onhmsr sn ad chrbtrrdc gdqd- Ehqrs ne _kk) G_vjhmf du_onq_shnm hr mnm,
sgdql_k adb_trd ne sgd fq_x ancx e_bsnq ’rdd ’5-5.((- Qdf_qckdrr) vd b_m bnmrhcdq sgd
q_ch_shnm sgdql_k _r hs g_r sgd r_ld rodbsqtl hs vntkc g_ud he sgd AG v_r qdok_bdc ax
_ sgdql_k rntqbd vhsgnts bg_mfhmf sgd onsdmsh_k- Etqsgdqlnqd) G_vjhmf du_onq_shnm hr
nmkx sgdql_k ’to sn sgd fq_x ancx e_bsnq( vhsghm sgd _ooqnwhl_shnm hm vghbg hs hr cdqhudc-
Hm o_qshbtk_q) sgd cdqhu_shnm _rrtldr mn a_bjqd_bshnm) h-d- sgd l_rr ne sgd AG cndr mns
bg_mfd- Lnch“b_shnmr ctd sn sgd bg_mfd ne sgd l_rr ne sgd AG kd_c sn cduh_shnmr eqnl
sgdql_khsx- Gnvdudq) rtbg cduh_shnmr _qd udqx rl_kk enq AGr vhsg l_rrdr ltbg k_qfdq
sg_m sgd Ok_mbj l_rr-

¶ Cn dsdqmWk AGr dlhs GWvjhmf qWchWshnm:

Mn) dsdqm_k AGr cn mns dlhs G_vjhmf q_ch_shnm) _r sgd k_ssdq b_m nmkx ad dlhssdc ax
cxm_lhb_k fdnldsqhdr- Gnvdudq) dsdqm_k AGr _qd hm dpthkhaqhtl vhsg _ sgdql_k a_sg) _r
sgd nmkx qdftk_q u_bttl rs_sd g_r _ mnm,ydqn fitw ne q_ch_shnm ansg nm  � _mc nm  )- @s
rte“bhdmskx k_sd shldr) sgdqd hr mn cdsdbs_akd cheedqdmbd adsvddm sgd u_bttl rs_sd ne _ AG
enqldc ax _ fq_uhs_shnm_k bnkk_ord _mc _m dsdqm_k AG- Gnvdudq) sgd cheedqdmbd adsvddm
du_onq_shmf _mc adhmf hm sgdql_k dpthkhaqhtl vhsg _ sgdql_k a_sg hr bnmbdost_kkx udqx
qdkdu_ms-

¶ Cn dwsqdlWk AGr dlhs GWvjhmf qWchWshnm:

Sgd sdlodq_stqd _s vghbg AGr du_onq_sd hr oqnonqshnm_k sn sgd rtqe_bd fq_uhsx- Dwsqdl_k
AGr g_ud ydqn rtqe_bd fq_uhsx _mc gdmbd _krn ydqn sdlodq_stqd _mc sgdx cn mns du_on,
q_sd-

¶ Hr sgd hmenqlWshnm knrr oqnakdl W oWqWcnw:

@ o_q_cnw hr rnldsghmf sg_s hr rdke,bnmsq_chbsnqx nq knfhb_kkx hmbnmrhrsdms- Sgdqdenqd)
sgd hmenql_shnm knrr oqnakdl hr adssdq cdrbqhadc _r _m nodm hrrtd nq _ bnmtmcqtl q_sgdq
sg_m _ o_q_cnw- Hm o_qshbtk_q) sgd ohbstqd cdrbqhadc ax rdlhbk_rrhb_k fq_uhsx hr bnmrhrsdms
_ksgntfg cd“mhsdkx hmbnlokdsd- Rdlhbk_rrhb_k fq_uhsx oqdchbsr sgd enql_shnm ne _ rhmft,
k_qhsx rghdkcdc ax _m dudms gnqhynm- Sgd sgdnqx hr hmbnlokdsd _r hs rsnor adhmf oqdchbshud
_s sgd rhmftk_qhsx- Gnvdudq) hs hr odqedbskx bnmrhrsdms qdf_qchmf sgd e_sd ne hmenql_shnm-
Dudqxsghmf sg_s bqnrrdr sgd dudms gnqhynm bntkc mdudq ad qdsqhdudc ax dwsdqm_k nardqudqr)
_mc vhkk hmduhs_akx ad cdrsqnxdc hm sgd rhmftk_qhsx- Sgd hmenql_shnm knrr _qhrdr vgdm vd
sqx sn otrg rdlhbk_rrhb_k fq_uhsx adxnmc hsr qdfhld ne u_khchsx) nq vgdm vd _cc dwsq_
’qd_rnm_akd( _rrtloshnmr sg_s b_mmns ad oqdchbsdc ax sgd lncdk- Hm sghr rdmrd) vd rshkk
g_ud _ kns sn tmcdqrs_mc) ats vd _qd mns e_bhmf _ knfhb_k hlonrrhahkhsx-

¶ BWm AGr duWonqWsd bnlokdsdkx:

AGr fq_ct_kkx knrd l_rr _mc dmdqfx sgqntfg G_vjhmf q_ch_shnm- Hm sgdnqx) sgdx bntkc
du_onq_sd bnlokdsdkx) ats sgd “m_k rs_fdr ne du_onq_shnm hmunkud dmdqfhdr _mc btqu_stqdr
qdpthqhmf _ etkk sgdnqx ne PF enq _ oqnodq cdrbqhoshnm- Gdmbd) sgd _mrvdq sn sghr ptdrshnm
l_x mns ad tmhudqr_k-

¶ Enq Wm dwsdqmWk nardqudq) Wmx naidbs eWkkhmf hmsn W rsWshb AG mddcr Wm hm“mhsd shld sn
qdWbg sgd gnqhynm- Gnv cndr sgd ohbstqd bgWmfd vgdm bnmrhcdqhmf sgd duWonqWshnm
ne sgd AG) fhudm sgWs hsr khedshld hr “mhsd enq Wm dwsdqmWk nardqudq:

Ehqrs ne _kk) vd mddc sn rodbhex vg_s gnqhynm vd _qd s_kjhmf _ants- @ bk_rrhb_k _rxlosnshb
nardqudq b_mmns rdd _m naidbs e_kkhmf hmsn sgd dudms gnqhynm- Sghr ld_mr sg_s hs dhsgdq
s_jdr hm“mhsd shld ’rdd “f- 5-1() nq bk_rrhb_k nardqudqr bqnrr _ B_tbgx gnqhynm hm “mhsd
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shld ’rdd “f- 5-4(- Vghbg ne sgd svn onrrhahkhshdr hr qd_khydc cdodmcr nm sgd “m_k rs_fdr
ne AG du_onq_shnm sg_s b_mmns ad oqdchbsdc vhsgnts sgd jmnvkdcfd ne sgd etkk sgdnqx ne
PF- Gnvdudq) sghr hr rn _klnrs ax bnmrsqtbshnm- Hm e_bs) sgd dudms gnqhynm hr sgd antmc_qx
ne sgd qdfhnm sg_s b_m qd_bg _rxlosnshb hm“mhsx) rn nardqudqr bqnrrhmf sgd dudms gnqhynm
b_mmns ad b_tr_kkx bnmmdbsdc vhsg _rxlosnshb nardqudqr- Sgd ptdrshnm hr lnqd hmsdq,
drshmf he vd qdedq sn sq_oohmf gnqhynmr ’vghbg enq _mx oq_bshb_k otqonrdr hr sgd bnqqdbs
cd“mhshnm enq sgd antmc_qx ne sgd AG(- He vd _rrtld rnld rths_akd dmdqfx bnmchshnmr)
sgdqd _qd sgdnqdlr rs_shmf sg_s sq_oohmf gnqhynmr _qd _kv_xr hmrhcd dudms gnqhynmr ’rdd
d-f- >453[(- Sghr hlokhdr sg_s mn bk_rrhb_k _rxlosnshb nardqudq b_m rdd _m naidbs dmsdqhmf
sgd sq_oohmf gnqhynm ’_r hs vntkc “qrs dmsdq sgd dudms gnqhynm) _mc vd g_ud chrbtrrdc
sg_s sghr hr mns onrrhakd(- Nm sgd nsgdq g_mc) G_vjhmf q_ch_shnm uhnk_sdr rtbg dmdqfx
bnmchshnmr) _mc sgd sq_oohmf gnqhynm ne _m du_onq_shmf AG hr ntsrhcd sgd dudms gnqhynm-
Sgdqdenqd) _rxlosnshb nardqudqr vhkk rdd hme_kkhmf naidbsr bqnrr sgd sq_oohmf gnqhynm hm
“mhsd shld ’rdd “f- 5-4( _mc vhsgnts bqnrrhmf _mx B_tbgx gnqhynm-
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7 Bnmbktrhnmr

Sgd Mnqchs_ Rbhdmsh“b Oqnfq_l zPt‘mstl Fq‘uhsx9 eqnl fq‘uhs‘shnm‘k deedbshud “dkc sgdnqhdr sn
tksq‘uhnkds bnlokdsd ‘ooqn‘bgdr† aqntfgs snfdsgdq bnlltmhshdr vnqjhmf nm cheedqdms _rodbsr ne
PF) vhsg _ enbtr nm dwsdmrhudkx chrbtrrhmf ptdrshnmr eqnl cheedqdms uhdvonhmsr- Sgd tkshl_sd
rbnod v_r sn rs_qs athkchmf rnkhc bnllnm fqntmcr _mc annrshmf oqnfqdrr hm PF- Sgd OgC
rbgnnk zSnv‘qcr Pt‘mstl Fq‘uhsx† _s sgd adfhmmhmf ne sgd oqnfq_l oqdo_qdc rstcdmsr enq
sgd bnlhmf vddjr ne chrbtrrhnmr _bqnrr _ooqn_bgdr- Sgd hcd_ v_r sn oqnuhcd _ odc_fnfhb_k
nudquhdv ne rdkdbsdc snohbr hm PF) hmbktchmf rnld sg_s _qd sxohb_kkx chrbtrrdc rdo_q_sdkx ats
sg_s _qd cddokx hmsdqsvhmdc-

Hm sghr rohqhs) sgdrd kdbstqd mnsdr g_ud addm oqdo_qdc bngdrhudkx _bqnrr sgd lhmh,bntqrdr
s_tfgs _s sgd OgC rbgnnk- Sgd rbnod hr sn oqnuhcd _ bngdqdms ’xds hmduhs_akx o_qsh_k( ohbstqd ne
a_rhb jmnvkdcfd hm PF- @r _ vgnkd) sgdx _qd hmsdmcdc _r _ aqhcfd adsvddm rs_mc_qc tmhudqrhsx
bntqrdr _mc enqdeqnms qdrd_qbg-

Sgd “qrs svn rdsr ne kdbstqd mnsdr ’rdbshnm 1 _mc rdbshnm 2( chrbtrr bnllnm fqntmcr sg_s _kk
_ooqn_bgdr ntfgs sn qdoqnctbd _s knv dmdqfhdr9 sgd odqstqa_shud eq_ldvnqj enq PF _mc DES)
hmbktchmf sgd bnmrhrsdmbx antmcr rsdllhmf eqnl sgd k_ssdq- Lnqdnudq) sgd k_rs o_qs ne rdbshnm 1
fhudr _ “qrs fkhlord hmsn PF ax oqdrdmshmf pt_cq_shb fq_uhsx ˇ ghrsnqhb_kkx sgd “qrs _ssdlos
sn athkc _ qdmnql_khy_akd pt_mstl sgdnqx ne fq_uhsx ˇ _mc chrbtrrhmf hsr ed_stqdr) lncdqm
cdudknoldmsr) _mc nodm ptdrshnmr qdk_sdc sn tmhs_qhsx _mc sgd ghfg,dmdqfx adg_uhnq ne sgd
sgdnqx- Cdo_qshmf eqnl sgd bnllnm fqntmcr ne rdbshnm 1 _mc rdbshnm 2 qdpthqdr “mchmf _ TU
bnlokdshnm) _mc rdudq_k oqnonr_kr g_ud addm ots enqsg sn sghr dmc- Hm o_qshbtk_q) hm rdbshnm 3
sgd mnshnm ne mnm,odqstqa_shud qdmnql_khy_ahkhsx hr hmsqnctbdc- Sghr hr jdx sn dwok_hm nmd ne
sgd _ooqn_bgdr sn PF a_rdc nm PES) m_ldkx) @RPF- Ansg _cu_ms_fdr _mc rgnqsbnlhmfr _qd
chrbtrrdc- Vghkd @RPF v_r hmhsh_kkx enqltk_sdc _r _ etmc_ldms_k _ooqn_bg sn PF) hs l_x _krn
ad _m hmsdqldch_sd eq_ldvnqj aqhcfhmf DES _mc _ lnqd etmc_ldms_k cdrbqhoshnm adxnmc PES-
Sgd kdbstqd mnsdr sgtr bnmshmtd vhsg nmd ne rtbg onrrhakd TU bnlokdshnmr) h-d-) RS ’rdbshnm 4(-
Ctd sn sgd aqd_csg ne sghr “dkc) sgd kdbstqdr enbtrdc nm hsr odqstqa_shud enqltk_shnm) vghkd
jddohmf _m dxd nm fdmdq_k kdrrnmr enq PF- Hm o_qshbtk_q) sgd dldqfdmbd ne fq_uhs_shnm_k DES
_s knv dmdqfhdr _mc hsr adg_uhnq _s ghfg dmdqfhdr vdqd rsqdrrdc- Sgd k_ssdq hr rhlokdq _mc
lnqd tmhudqr_k) vgdqd_r knv,dmdqfx ogxrhbr hr mns tmhptdkx cdsdqlhmdc- Mdudqsgdkdrr) rdudq_k
ed_stqdr ne PF _s knv dmdqfhdr _qd tmhudqr_k) h-d-) hmcdodmcdms ne _mx o_qshbtk_q TU bnlokdshnm-
Sgd k_rs rds ne kdbstqdr ’rdbshnm 5( enbtrdr nm rnld ne sgdrd _rodbsr- Rodbh“b_kkx) hs chrbtrrdr
pt_mstl _rodbsr hm AGr ro_bdshldr) sg_s ntfgs sn ad tmhudqr_k _mc rgntkc ad qdbnudqdc ax _kk
PF _ooqn_bgdr-

Hm rtll_qx) sgdrd kdbstqd mnsdr _hl _s bnmmdbshmf snfdsgdq cheedqdms o_sbgdr ne sgd PF
otyykd) oqnuhchmf sgd qd_cdqr vhsg _m nudq_kk ohbstqd sg_s hr _r bngdqdms _r onrrhakd- Dudm hm
sgd khsdq_stqd ne enqdeqnms qdrd_qbg) sgdrd o_sbgdr bnqqdronmc sn cheedqdms _qd_r sg_s _qd nesdm
jdos _o_qs- Vd gnod sg_s sghr bnmsqhatshnm) snfdsgdq vhsg sgd zUhrhnmr hm Pt‘mstl Fq‘uhsx† >0[)
vhkk dmbntq_fd etqsgdq qdrd_qbg _s sgd hmsdqe_bd adsvddm DES _mc cheedqdms PF _ooqn_bgdr-
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?bjmnvkdcfdldmsr

Ktb_ Atnmhme_msd) Admi_lhm Jmnqq) _mc @kdrrh_ Ok_s_mh_ vntkc khjd sn sg_mj Mnqchs_ enq ronm,
rnqhmf sgd Mnqchs_ oqnfq_l- Sgd kdbstqdqr _qd fq_sdetk sn _kk sgd o_qshbho_msr ne sgd OgC rbgnnk
enq gdkohmf sn bqd_sd _ udqx okd_r_ms _mc rshltk_shmf _slnrogdqd-

?tsgnq bnmsqhatshnmr Hmsqnctbshnm) bnmbktrhnmr) _mc E@Pr vdqd inhmskx vqhssdm ax _kk _t,
sgnqr- Hmchuhct_k rdbshnmr g_ud addm vqhssdm ax sgd kdbstqdqr ne sgd bnqqdronmchmf lhmh,bntqrdr)
_r qdonqsdc _s sgd adfhmmhmf ne d_bg rds ne kdbstqdr- Sgd rsxkd _mc enql_sshmf ne SdW) _r vdkk
_r sgd sq_bjhmf _mc tmhenqlhy_shnm ne mns_shnm _bqnrr kdbstqd mnsdr) g_ud addm g_mckdc ax
Admi_lhm Jmnqq- @cchshnm_kkx) sn l_whlhyd sgd bngdqdmbd ne sgd vgnkd l_mtrbqhos nm rdudq_k
kdudkr) d_bg kdbstqdq oqnuhcdc cds_hkdc eddca_bj nm sgd nsgdq rdsr ne kdbstqdr-

Etmchmf hmenqlWshnm Hu_mn A_rhkd _bjmnvkdcfdr “m_mbh_k rtoonqs eqnl sgd Nqhfhmr Dwbdk,
kdmbd Bktrsdq- Ktb_ Atnmhme_msd _bjmnvkdcfdr “m_mbh_k rtoonqs eqnl sgd Dtqnod_m Tmhnm%r
Gnqhynm 1.1. qdrd_qbg _mc hmmnu_shnm oqnfq_lld tmcdq sgd L_qhd Rjıncnvrj_,Btqhd @bshnmr
’fq_ms _fqddldms HC9 0.00.5234,MKPF(- Eq_mbdrbn Ch Ehkhoon _bjmnvkdcfdr “m_mbh_k rto,
onqs eqnl sgd OQHLTR�12�RBH�..4 _mc TMBD13�RBH�.05 fq_msr ax Bg_qkdr Tmhudqrhsx) _mc
sgd F@Q 12,.6346R fq_ms eqnl sgd Bydbg Rbhdmbd Entmc_shnm- Admi_lhm Jmnqq v_r o_qsh_kkx
rtoonqsdc ax Mnqchs_- Mnqchs_ hr rtoonqsdc hm o_qs ax MnqcEnqrj- Sgd qdrd_qbg ne @kdrrh_ Ok_,
s_mh_ hr rtoonqsdc ax _ qdrd_qbg fq_ms ’UHK5.708( eqnl UHKKTL ENMCDM- Sgd vnqj ne @mm_
Snj_qdu_ hr rtoonqsdc ax sgd M_shnm_k M_stq_k Rbhdmbd Entmc_shnm ne Bghm_ ’MREB( tmcdq
Fq_ms Mn- 012360.-
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Khrs ne Wbqnmxlr

?cR _msh,cd Rhssdq

?cR�BES _msh,cd Rhssdq�bnmenql_k “dkc sgdnqx

?RPF _rxlosnshb_kkx r_ed pt_mstl fq_uhsx

AQRS Adbbgh,Qntds,Rsnq_,Sxtshm

AG ak_bj gnkd

BCS b_tr_k cxm_lhb_k sqh_mftk_shnmr

BES bnmenql_k “dkc sgdnqx

BIF bnmenql_k Jhkkhmf fqnto

BIU bnmenql_k Jhkkhmf udbsnq

BLA bnrlhb lhbqnv_ud a_bjfqntmc

cR cd Rhssdq

D?? deedbshud _udq_fd _bshnm

DES deedbshud “dkc sgdnqx

ET etkk tmhs_qhsx

EQF etmbshnm_k qdmnql_khy_shnm fqnto

FEO F_trrh_m “wdc onhms

FQ Fdmdq_k Qdk_shuhsx

FRN Fkhnyyh,Rbgdqj,Nkhud

FV fq_uhs_shnm_k v_ud

HQ hmeq_qdc

MR MdudtflRbgv_qy

MFEO mnm,F_trrh_m “wdc onhms

MKσL mnm,khmd_q rhfl_ lncdk

OVT o_qsh_k v_ud tmhs_qhsx

OB Odmqnrd,B_qsdq

PBC pt_mstl bgqnlncxm_lhbr

PDC pt_mstl dkdbsqncxm_lhbr

PES pt_mstl “dkc sgdnqx

PF pt_mstl fq_uhsx

Q Q_lnmc

QMR Q_lnmcflMdudtflRbgv_qy

QF qdmnql_khy_shnm fqnto

RL Rs_mc_qc Lncdk ne O_qshbkd Ogxrhbr

RS rsqhmf sgdnqx

TU tksq_uhnkds

udu u_bttl dwodbs_shnm u_ktd
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Qdedqdmbdr

>0[ K- Atnmhme_msd) A- Jmnqq) J- R- Jtl_q) @- Ok_s_mh_) C- @mrdklh) H- A_rhkd) M- D- I-
Aidqqtl,Angq) Q- Aq_mcdmadqfdq) L- B_qqhkkn Fnmy_̀kdy) @-,B- C_uhr) A- Chssqhbg) O- Ch Udb,
bgh_ ds ‘k-) Uhrhnmr hm Pt‘mstl Fq‘uhsx) RbhOnrs Ogxr- Bnll- Qdo- o- 00 ’1.14()
cnh90.-10357�RbhOnrsOgxrBnllQdo-00) 35o3pve7n7-

>1[ L- I- F- Udksl_m) Pt‘mstl Sgdnqx ne Fq‘uhs‘shnm) Bnme- Oqnb- B 64.6170) 154 ’0864(-

>2[ F- %s Gnnes) Odqstqa‘shud pt‘mstl fq‘uhsx) Rtamtbk- Rdq- 3.) 138 ’1..2()
cnh90.-0031�8678701685542Z...6-

>3[ Q- Odqb_bbh) ?m Hmsqnctbshnm sn Bnu‘qh‘ms Pt‘mstl Fq‘uhsx ‘mc ?rxlosnshb R‘edsx) unk- 2
ne 0.. Xd‘qr ne Fdmdq‘k Qdk‘shuhsx) Vnqkc Rbhdmsh“b) HRAM 867,870,21.,606,1) 867,870,
21.,608,5) cnh90.-0031�0.258 ’1.06(-

>4[ I- E- Cnmnfgtd) L- L- Hu_mnu _mc @- Rgjdqhm) DOEK Kdbstqdr nm Fdmdq‘k Qdk‘shuhsx ‘r ‘
Pt‘mstl Ehdkc Sgdnqx) Kdbstqd mnsdr) _qWhu Oqdoqhms ’1.06() osv3pvvton-

>5[ H- K- Atbgahmcdq _mc H- Rg_ohqn) Hmsqnctbshnm sn Pt‘mstl Ehdkc Sgdnqx vhsg ?ookhb‘shnmr
sn Pt‘mstl Fq‘uhsx) Nwenqc Fq_ct_sd Sdwsr- Nwenqc Tmhudqrhsx Oqdrr) HRAM 867,.,08,
776123,3) 867,.,08,772720,8) cnh90.-0.82�nrn�867.087727208-..0-...0 ’1.12(-

>6[ I- F- Kdd) D- F- @cdkadqfdq) S- R- Bnnj) R- L- Ekdhrbgdq _mc A- Q- Gdbjdk) Mdv Sdrs ne sgd
Fq‘uhs‘shnm‘k 0<q1 K‘v ‘s Rdo‘q‘shnmr cnvm sn 41 µl) Ogxr- Qdu- Kdss- 013’0.() 0.00.0
’1.1.() cnh90.-00.2�OgxrQduKdss-013-0.00.0) 3vv3poos7o-

>7[ @- F- Qhdrr ds ‘k-) Nardqu‘shnm‘k duhcdmbd eqnl rtodqmnu‘d enq ‘m ‘bbdkdq‘shmf tmhudqrd
‘mc ‘ bnrlnknfhb‘k bnmrs‘ms) @rsqnm- I- 005) 0..8 ’0887() cnh90.-0.75�2..388)
Ur/q9h1g6nev83vo-

>8[ M- @fg_mhl ds ‘k-) Ok‘mbj 1.06 qdrtksr- UH- Bnrlnknfhb‘k o‘q‘ldsdqr) @rsqnm- @rsqnogxr-
530) @5 ’1.1.() cnh90.-0.40�...3,5250�1.072280.) >Dqq_stl9 @rsqnm-@rsqnogxr-
541) B3 ’1.10([) oevspv73vn-

>0.[ F- %s Gnnes _mc L- I- F- Udksl_m) Nmd knno chudqfdmbhdr hm sgd sgdnqx ne fq‘uhs‘shnm) @mm-
Hmrs- G- Onhmb_qd @ Ogxr- Sgdnq- 1.) 58 ’0863(-

>00[ C- Chbtr _mc R- Vhkkdmaqnbj) ?mftk‘q lnldmstl bnmsdms ne ‘ uhqst‘k fq‘uhsnm) Ogxr-
Kdss- A 5.8) 261 ’1..4() cnh90.-0.05�i-ogxrkdsa-1..4-.0-.37) gd1h1g6v5vnto7-

>01[ G- u_m C_l _mc L- I- F- Udksl_m) L‘rrhud ‘mc l‘rrkdrr X‘mf,Lhkkr ‘mc fq‘uhs‘shnm‘k
“dkcr) Mtbk- Ogxr- A 11) 286 ’086.() cnh90.-0.05�.44.,2102’6.(8.305,4-

>02[ U- H- Y_jg_qnu) Khmd‘qhydc fq‘uhs‘shnm sgdnqx ‘mc sgd fq‘uhsnm l‘rr) IDSO Kdss- 01) 201
’086.(-

>03[ Q- O- Edxml_m) Pt‘mstl sgdnqx ne fq‘uhs‘shnm) @bs_ Ogxr- Onknm- 13) 586 ’0852(-

>04[ A- R- CdVhss) Pt‘mstl Sgdnqx ne Fq‘uhsx- 1- Sgd L‘mhedrskx Bnu‘qh‘ms Sgdnqx) Ogxr- Qdu-
051) 0084 ’0856() cnh90.-00.2�OgxrQdu-051-0084-

>05[ K- C- E_ccddu _mc U- M- Ononu) Edxml‘m Ch‘fq‘lr enq sgd X‘mf,Lhkkr Ehdkc) Ogxr- Kdss- A
14) 18 ’0856() cnh90.-0.05�.26.,1582’56(8..56,5-
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>06[ C- L- B_oodq _mc F- Kdhaaq_mcs) Nm V‘qc Hcdmshshdr hm ‘ Fdmdq‘k ?wh‘k F‘tfd- 1- Pt‘m,
stl Fq‘uhsx) Ogxr- Qdu- C 14) 0..8 ’0871() cnh90.-00.2�OgxrQduC-14-0..8-

>07[ C- L- B_oodq _mc F- Kdhaaq_mcs) Rnld Qdrtksr nm sgd Fdmdq‘k ?wh‘k F‘tfd hm Pt‘mstl
Fq‘uhsx) Ogxr- Qdu- C 14) 1100 ’0871() cnh90.-00.2�OgxrQduC-14-1100-

>08[ C- @mrdklh) ?rodbsr ne odqstqa‘shud tmhs‘qhsx) Ogxr- Qdu- C 83) .14.17 ’1.05()
cnh90.-00.2�OgxrQduC-83-.14.17) o7v7pv7t5e-

>1.[ L- G- Fnqnee _mc @- R_fmnssh) PT?MSTL FQ?UHSX ?S SVN KNNOR) Ogxr- Kdss- 05.A)
70 ’0874() cnh90.-0.05�.26.,1582’74(8036.,3-

>10[ L- G- Fnqnee _mc @- R_fmnssh) Sgd Tksq‘uhnkds Adg‘uhnq ne Dhmrsdhm Fq‘uhsx) Mtbk- Ogxr-
A 155) 6.8 ’0875() cnh90.-0.05�.44.,2102’75(8.082,7-

>11[ Q- D- J_kknrg) N- U- S_q_rnu _mc H- U- Sxtshm) NMD KNNO EHMHSDMDRR NE PT?MSTL
FQ?UHSX NEE L?RR RGDKK) Mtbk- Ogxr- A 026) 034 ’0867() cnh90.-0.05�.44.,
2102’67(8..44,W-

>12[ R- @- Etkkhmf) Q- B- Jhmf) A- F- Vxantqmd _mc B- I- Btllhmr) Mnql‘k enqlr enq
sdmrnq onkxmnlh‘kr- 09 Sgd Qhdl‘mm sdmrnq) Bk_rr- Pt_ms- Fq_u- 8) 0040 ’0881()
cnh90.-0.77�.153,8270�8�4�..2-

>13[ L- J- Bg_rd) ?ardmbd ne Kd‘chmf Chudqfdmbdr hm Svn Knno Pt‘mstl Fq‘uhsx) Mtbk- Ogxr-
A 1.2) 323 ’0871() cnh90.-0.05�.44.,2102’71(8.212,5-

>14[ M- L_qbtr _mc @- R_fmnssh) Sgd Tksq‘uhnkds Adg‘uhnq ne M + 3 X‘mf,Lhkkr ‘mc sgd Onvdq
Bntmshmf ne Dwsdmcdc Rtodqro‘bd) Mtbk- Ogxr- A 145) 66 ’0874() cnh90.-0.05�.44.,
2102’74(8.275,3-

>15[ @- D- L- u_m cd Udm) Svn knno pt‘mstl fq‘uhsx) Mtbk- Ogxr- A267) 2.8 ’0881()
cnh90.-0.05�.44.,2102’81(8..00,X-

>16[ O- u_m Mhdtvdmgthydm _mc B- B- Vt) Nm Hmsdfq‘k Qdk‘shnmr enq Hmu‘qh‘msr Bnmrsqtbsdc
eqnl Sgqdd Qhdl‘mm Sdmrnqr ‘mc sgdhq ?ookhb‘shnmr hm Pt‘mstl Fq‘uhsx) I- L_sg- Ogxr-
07) 071 ’0866() cnh90.-0.52�0-412017-

>17[ I- E- Cnmnfgtd) Kd‘chmf pt‘mstl bnqqdbshnm sn sgd Mdvsnmh‘m onsdmsh‘k) Ogxr- Qdu- Kdss-
61) 1885 ’0883() cnh90.-00.2�OgxrQduKdss-61-1885) 4qh.a6ntovv35-

>18[ I- E- Cnmnfgtd) Fdmdq‘k qdk‘shuhsx ‘r ‘m deedbshud “dkc sgdnqx9 Sgd kd‘chmf pt‘m,
stl bnqqdbshnmr) Ogxr- Qdu- C 4.) 2763 ’0883() cnh90.-00.2�OgxrQduC-4.-2763)
4qh.a6n5v8v8s-

>2.[ S- G_m _mc R- Vhkkdmaqnbj) Rb‘kd ne pt‘mstl fq‘uhsx) Ogxr- Kdss- A 505) 104 ’1..4()
cnh90.-0.05�i-ogxrkdsa-1..4-.3-.3.) gd1h1g6v5v5oe3-

>20[ R- Vdhmadqf) TKSQ?UHNKDS CHUDQFDMBDR HM PT?MSTL SGDNQHDR NE FQ?UHS?SHNM)
oo- 68.fl720) B_laqhcfd Tmhudqrhsx Oqdrr ’087.(-

>21[ L- Qdtsdq _mc E- R_tdqdrrhf) Pt‘mstl Fq‘uhsx ‘mc sgd Etmbshnm‘k Qdmnql‘khy‘shnm
Fqnto9 Sgd Qn‘c snv‘qcr ?rxlosnshb R‘edsx) B_laqhcfd Tmhudqrhsx Oqdrr) HRAM 867,0,
0.6,0.621,7) 867,0,0.7,56.63,5 ’1.08(-

>22[ Q- Knkk) Pt‘mstl Fq‘uhsx eqnl B‘tr‘k Cxm‘lhb‘k Sqh‘mftk‘shnmr9 ? Qduhdv) Bk_rr- Pt_ms-
Fq_u- 26’0() .02..1 ’1.1.() cnh90.-0.77�0250,5271�_a46b6) onv8pve77n-
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>23[ @- @rgsdj_q _mc D- Ah_mbgh) ? rgnqs qduhdv ne knno pt‘mstl fq‘uhsx) Qdos- Oqnf- Ogxr-
73’3() .31..0 ’1.10() cnh90.-0.77�0250,5522�_adc80) 3ov5pv5tn5-

>24[ R- Rtqx_) Sgd b‘tr‘k rds ‘ooqn‘bg sn pt‘mstl fq‘uhsx) Khuhmf Qdu- Qdk- 11’0() 4 ’1.08()
cnh90.-0..6�r30003,.08,..12,0) onvtpoo855-

>25[ @- G- Bg_lrdcchmd) @- Bnmmdr _mc V- C- u_m Rthikdjnl) Mnmbnllts‘shuhsx
‘mc ogxrhbr9 ‘ mnm,sdbgmhb‘k qduhdv) Dtq- Ogxr- I- RS 121’12,13() 2470 ’1.12()
cnh90.-003.�doir�r00623,.12,..731,3) 33vspovnvo-

>26[ L- A- Fqddm) I- G- Rbgv_qy _mc D- Vhssdm) Rtodqrsqhmf Sgdnqx Unk- 0) B_laqhcfd Lnmn,
fq_ogr nm L_sgdl_shb_k Ogxrhbr- B_laqhcfd Tmhudqrhsx Oqdrr) HRAM 8670028423661)
86700.6.18007) cnh90.-0.06�BAN8670028137452 ’1.01(-

>27[ L- A- Fqddm) I- G- Rbgv_qy _mc D- Vhssdm) Rtodqrsqhmf Sgdnqx Unk- 1) B_laqhcfd Lnmn,
fq_ogr nm L_sgdl_shb_k Ogxrhbr- B_laqhcfd Tmhudqrhsx Oqdrr) HRAM 8670028423678)
86700.6.18021) cnh90.-0.06�BAN867002813746. ’1.01(-

>28[ L- C- Rbgv_qsy) Pt‘mstl Ehdkc Sgdnqx ‘mc sgd Rs‘mc‘qc Lncdk) B_laqhcfd Tmhudqrhsx
Oqdrr) HRAM 867,0,0.6,.2362,.) 867,0,0.6,.2362,. ’1.03(-

>3.[ J- R- Rsdkkd) Qdmnql‘khy‘shnm ne Ghfgdq Cdqhu‘shud Pt‘mstl Fq‘uhsx) Ogxr- Qdu- C 05)
842 ’0866() cnh90.-00.2�OgxrQduC-05-842-

>30[ @- R_kuhn) Pt‘cq‘shb Fq‘uhsx) Eqnms- hm Ogxr- 5) 66 ’1.07()
cnh90.-2278�eogx-1.07-...66) oev5pvnn55-

>31[ C- @mrdklh) Nm sgd pt‘mstl “dkc sgdnqx ne sgd fq‘uhs‘shnm‘k hmsdq‘bshnmr) IGDO .5) .75
’1.06() cnh90.-0..6�IGDO.5’1.06(.75) osv5pvss3e-

>32[ I- E- Cnmnfgtd _mc F- Ldmdydr) Nm pt‘cq‘shb fq‘uhsx) Mtnun Bhl- B 34’1() 15 ’1.11()
cnh90.-0282�mbb�h1.11,11.15,6) 3oo3pvons5-

>33[ A- Gnkcnl) Tksq‘,Ok‘mbjh‘m rb‘ssdqhmf eqnl ‘ PES enq fq‘uhsx) Ogxr- Qdu- C 0.4’3()
.35..7 ’1.11() cnh90.-00.2�OgxrQduC-0.4-.35..7) 3ovspvos3s-

>34[ L- Ohu_) Ghfgdq,cdqhu‘shud pt‘mstl fq‘uhsx vhsg otqdkx uhqst‘k o‘qshbkdr9 qdmnql‘khy‘ahk,
hsx ‘mc tmhs‘qhsx) Dtq- Ogxr- I- Oktr 027’0.() 765 ’1.12() cnh90.-003.�doio�r0225.,
.12,.3375,.) 3tv8po385n-

>35[ J- R- Rsdkkd) Bk‘rrhb‘k Fq‘uhsx vhsg Ghfgdq Cdqhu‘shudr) Fdm- Qdk- Fq_u- 8) 242 ’0867()
cnh90.-0..6�AE..65.316-

>36[ C- @mrdklh _mc L- Ohu_) Pt‘mstl Fq‘uhsx) E‘jdnmr ?mc Lhbqnb‘tr‘khsx) IGDO 00) .10
’1.07() cnh90.-0..6�IGDO00’1.07(.10) oev7pvt7v8-

>37[ K- Atnmhme_msd) L‘rrkdrr ‘mc o‘qsh‘kkx l‘rrkdrr khlhsr hm Pt‘cq‘shb Fq‘uhsx) IGDO 01)
000 ’1.12() cnh90.-0..6�IGDO01’1.12(000) 3tvepoot35-

>38[ I- Itkud _mc L- Snmhm) Pt‘mstl Fq‘uhsx vhsg Ghfgdq Cdqhu‘shud Sdqlr) Mtnun Bhl- A
35) 026 ’0867() cnh90.-0..6�AE.1637526-

>4.[ D- R- Eq_cjhm _mc @- @- Srdxskhm) Qdmnql‘khy‘akd ‘rxlosnshb‘kkx eqdd pt‘mstl sgdnqx ne
fq‘uhsx) Mtbk- Ogxr- A 1.0) 358 ’0871() cnh90.-0.05�.44.,2102’71(8.333,7-
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>40[ H- F- @uq_lhch _mc @- N- A_quhmrjx) ?RXLOSNSHB EQDDCNL HM GHFGDQ CDQHU?,
SHUD PT?MSTL FQ?UHSX) Ogxr- Kdss- A 048) 158 ’0874() cnh90.-0.05�.26.,
1582’74(8.137,4-

>41[ C- Atbbhn) I- E- Cnmnfgtd) F- Ldmdydr _mc Q- Odqb_bbh) Ogxrhb‘k Qtmmhmf
ne Bntokhmfr hm Pt‘cq‘shb Fq‘uhsx) Ogxr- Qdu- Kdss- 022’1() .105.3 ’1.13()
cnh90.-00.2�OgxrQduKdss-022-.105.3) 35vtpv3tns-

>42[ L- L- @madq _mc I- E- Cnmnfgtd) Nm sgd qtmmhmf ne sgd fq‘uhs‘shnm‘k bnmrs‘ms) Ogxr-
Qdu- C 74) 0.3.05 ’1.01() cnh90.-00.2�OgxrQduC-74-0.3.05) oooop3es8-

>43[ I- E- Cnmnfgtd) Cn ΛBB ‘mc F qtm:) Hm 53sg Bq‘bnv Rbgnnk ne Sgdnqdshb‘k Ogxrhbr
Eqnl sgd Tksq‘Uhnkds sn sgd Hmeq‘Qdc9 ? o‘mnq‘l‘ ne lncdqm fq‘uhs‘shnm‘k ogxrhbr ’1.13()
35o3pvesst-

>44[ Q- Odqb_bbh _mc F- O- U_bb_) ?rxlosnshb R‘edsx) Dldqfdmbd ‘mc Lhmhl‘k Kdmfsg)
Bk_rr- Pt_ms- Fq_u- 16) 134.15 ’1.0.() cnh90.-0.77�.153,8270�16�13�134.15)
ovvept73o-

>45[ Q- O- Vnnc_qc) Nrsqnfq‘crjx&r sgdnqdl nm G‘lhksnmh‘m hmrs‘ahkhsx) Rbgnk_qodch_ 0.’7()
21132 ’1.04() cnh90.-3138�rbgnk_qodch_-21132) o8v7pv33ov-

>46[ S- C- Kdd _mc F- B- Vhbj) Mdf‘shud Ldsqhb ‘mc sgd Tmhs‘qhsx ne sgd R L‘sqhw) Mtbk- Ogxr-
A 8) 1.8 ’0858() cnh90.-0.05�.44.,2102’58(8..87,3-

>47[ @- R_kuhn _mc @- Rsqtlh_) Pt‘mstl ldbg‘mhbr ne 3,cdqhu‘shud sgdnqhdr) Dtq- Ogxr- I- B
65’3() 116 ’1.05() cnh90.-003.�doib�r0..41,.05,3.68,7) o8o3pvo3ts-

>48[ @- Rsqtlh_) Hmsdqoqds‘shnm ne pt‘mstl ldbg‘mhbr vhsg hmcd“mhsd mnql) LCOH Ogxrhbr
0’0() 06 ’1.08() cnh90.-228.�ogxrhbr0.0...2) osvnpv5n38-

>5.[ A- Gnkcnl) L‘jhmf rdmrd ne fgnrsr) Mtbk- Ogxr- A 0..7) 005585 ’1.13()
cnh90.-0.05�i-mtbkogxra-1.13-005585) 35vepv5ven-

>50[ Q- O- Vnnc_qc) Cnm&s sgqnv sgd a‘ax nts vhsg sgd a‘sg v‘sdq) Dtq- Ogxr- I- Oktr 027’00()
0.56 ’1.12() cnh90.-003.�doio�r0225.,.12,.36.8,3) 3tv7pvn8n7-

>51[ I- Jtan _mc S- Jtfn) Tmhs‘qhsx uhnk‘shnm hm “dkc sgdnqhdr ne KddflVhbj&r bnlokdw fgnrs)
OSDO 1.12’01() 012A.1 ’1.12() cnh90.-0.82�osdo�os_c032) 3tvepvnvv7-

>52[ I- E- Cnmnfgtd _mc F- Ldmdydr) Tmhs‘qhsx) rs‘ahkhsx ‘mc knnor ne tmrs‘akd fgnrsr) Ogxr-
Qdu- C 0..’0.() 0.4..5 ’1.08() cnh90.-00.2�OgxrQduC-0..-0.4..5) onvepv35o7-

>53[ I- E- Cnmnfgtd _mc F- Ldmdydr) ?qqnv ne B‘tr‘khsx ‘mc Pt‘mstl Fq‘uhsx) Ogxr- Qdu-
Kdss- 012’06() 0605.0 ’1.08() cnh90.-00.2�OgxrQduKdss-012-0605.0) onvepv5osv-

>54[ C- @mrdklh) E‘jdnmr) Lhbqnb‘tr‘khsx ?mc Sgd Bk‘rrhb‘k Khlhs Ne Pt‘mstl Fq‘uhsx) Bk_rr-
Pt_ms- Fq_u- 25) .54.0. ’1.08() cnh90.-0.77�0250,5271�_a.3b7) oevnpv8vts-

>55[ C- @mrdklh) ? mdv pt‘mshy‘shnm oqhmbhokd eqnl ‘ lhmhl‘kkx mnm shld,nqcdqdc oqnctbs)
IGDO 01) .77 ’1.11() cnh90.-0..6�IGDO01’1.11(.77) 33ovpo535v-

>56[ C- @mrdklh) E‘jdnmr ?mc Kdd,Vhbj Lncdkr) IGDO .1) 030 ’1.07()
cnh90.-0..6�IGDO.1’1.07(030) oevopvvno8-

>57[ C- @mrdklh) Ch‘fq‘ll‘q ne ogxrhb‘k ‘mc e‘jd o‘qshbkdr ‘mc rodbsq‘k noshb‘k sgdnqdl) IGDO
00) .2. ’1.10() cnh90.-0..6�IGDO00’1.10(.2.) 3ovnpv7een-

158



RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

>58[ A- Fqhmrsdhm) C- N%Bnmmdkk _mc L- A- Vhrd) B‘tr‘khsx ‘r ‘m dldqfdms l‘bqn,
rbnohb ogdmnldmnm9 Sgd Kdd,Vhbj N’M( lncdk) Ogxr- Qdu- C 68) 0.4.08 ’1..8()
cnh90.-00.2�OgxrQduC-68-0.4.08) vev8p3o87-

>6.[ C- @mrdklh) Cqdrrdc oqno‘f‘snqr) e‘jdnm rdke,dmdqfx ‘mc od‘j tmbdqs‘hmsx) IGDO 11) .47
’1.1.() cnh90.-0..6�IGDO.5’1.11(.47) 33vopvvet3-

>60[ I- Jtan _mc S- Jtfn) ?msh,Hmrs‘ahkhsx ne Bnlokdw Fgnrs) OSDO 1.13’4() .42A.0 ’1.13()
cnh90.-0.82�osdo�os_d.42) 35v3po8n87-

>61[ K- Atnmhme_msd) Qdl‘qjr nm fgnrs qdrnm‘mbdr) IGDO .1) 075 ’1.14()
cnh90.-0..6�IGDO.1’1.14(075) 38vopv5vns-

>62[ O- Cnm_”) R- Fh_bb_qh) K- Lncdrsn) K- Q_bgv_k _mc X- Ygt) Rb‘ssdqhmf ‘lokhstcdr hm
rtodq,qdmnql‘khy‘akd fq‘uhsx) IGDO .7) .27 ’1.04() cnh90.-0..6�IGDO.7’1.04(.27)
o8v7pv58en-

>63[ A- Gnkcnl) Qtmmhmf bntokhmfr ‘mc tmhs‘qhsx hm ‘ 3,cdqhu‘shud rb‘k‘q “dkc sgdnqx) Ogxr-
Kdss- A 732) 027.12 ’1.12() cnh90.-0.05�i-ogxrkdsa-1.12-027.12) 3tvtpv7s3t-

>64[ C- Atbbhn) I- E- Cnmnfgtd _mc Q- Odqb_bbh) ?lokhstcdr ‘mc qdmnql‘khy‘,
shnm fqnto sdbgmhptdr9 ? b‘rd rstcx) Ogxr- Qdu- C 0.8’3() .34..7 ’1.13()
cnh90.-00.2�OgxrQduC-0.8-.34..7) 3tvspvvv88-

>65[ @- R_kuhn _mc @- Rsqtlh_) ?fq‘uhsx) IGDO .5) .7. ’1.03()
cnh90.-0..6�IGDO.5’1.03(.7.) o5vtp5337-

>66[ C- @mrdklh _mc L- Ohu_) Sgd Tksq‘uhnkds Adg‘uhnq ne Pt‘mstl Fq‘uhsx) IGDO .4) .16
’1.07() cnh90.-0..6�IGDO.4’1.07(.16) oevtpvssss-

>67[ G- Kt) @- Odqjhmr) B- M- Onod _mc J- R- Rsdkkd) Ak‘bj Gnkdr hm Ghfgdq,Cdqhu‘shud Fq‘u,
hsx) Ogxr- Qdu- Kdss- 003’06() 0605.0 ’1.04() cnh90.-00.2�OgxrQduKdss-003-0605.0)
o8v3pvov3e-

>68[ K- Atnmhme_msd) E- Ch Ehkhoon) H- Jnk_̀q̈ _mc E- R_tdqdrrhf) Ctrs bnkk‘ord ‘mc gnqhynm enql‘,
shnm hm pt‘cq‘shb fq‘uhsx) IB@O .0) 003 ’1.14() cnh90.-0.77�0364,6405�1.14�.0�003)
35ovpv8n5o-

>7.[ L- @rnqdx) I- K- Knody _mc H- K- Rg_ohqn) Rnld qdl‘qjr nm ghfg cdqhu‘shud pt‘mstl
fq‘uhsx) Hms- I- Lnc- Ogxr- @ 01) 4600 ’0886() cnh90.-0031�R.106640W86..1880)
gd1h/g6n7ovvv7-

>70[ @- @- Rs_qnahmrjx) ? Mdv Sxod ne Hrnsqnohb Bnrlnknfhb‘k Lncdkr Vhsgnts Rhmftk‘qhsx) Ogxr-
Kdss- A 80) 88 ’087.() cnh90.-0.05�.26.,1582’7.(8.56.,W-

>71[ @- @- Rs_qnahmrjx) Sgd Odqstqa‘shnm Rodbsqtl Dunkuhmf eqnl ‘ Mnmrhmftk‘q Hmhsh‘kkx Cd,
Rhssdq Bnrlnknfx ‘mc sgd Lhbqnv‘ud A‘bjfqntmc ?mhrnsqnox) Rnu- @rsqnm- Kdss- 8) 2.1
’0872(-

>72[ K- @- Jnel_m) @- C- Khmcd _mc @- @- Rs_qnahmrjx) Hmfi‘shnm‘qx Tmhudqrd Fdmdq‘sdc ax sgd
Bnlahmdc ?bshnm ne ‘ Rb‘k‘q Ehdkc ‘mc Fq‘uhs‘shnm‘k U‘bttl Onk‘qhy‘shnm) Ogxr- Kdss- A
046) 250 ’0874() cnh90.-0.05�.26.,1582’74(8.270,7-

>73[ X- @jq_lh ds ‘k-) Ok‘mbj 1.06 qdrtksr- W- Bnmrsq‘hmsr nm hmfi‘shnm) @rsqnm- @rsqnogxr- 530)
@0. ’1.1.() cnh90.-0.40�...3,5250�1.0722776) oevspv73oo-
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>74[ M- Cdqtdkkd) L- R_r_jh) X- Rdmcntc_ _mc @- Xntrrde) Knqdmsy,uhnk‘shmf ur fgnrs fq‘uhsnmr9
sgd dw‘lokd ne Vdxk fq‘uhsx) IGDO .8) ..8 ’1.01() cnh90.-0..6�IGDO.8’1.01(..8)
o3v3ptoto-

>75[ @- R_kuhn) Hmfi‘shnm‘qx Odqstqa‘shnmr hm Mn,Rb‘kd Sgdnqhdr) Dtq- Ogxr- I- B 66’3() 156
’1.06() cnh90.-003.�doib�r0..41,.06,3714,5) osvtpvevo3-

>76[ C- @mrdklh) D- Ah_mbgh _mc L- Ohu_) Oqdchbshnmr ne pt‘mstl fq‘uhsx hm hmfi‘,
shnm‘qx bnrlnknfx9 deedbsr ne sgd Vdxk,rpt‘qdc sdql) IGDO .6) 100 ’1.1.()
cnh90.-0..6�IGDO.6’1.1.(100) 3vv8pov3nt-

>77[ @- R_kuhn) AHBDO+Jdbj c‘s‘ ‘mc pt‘cq‘shb fq‘uhsx) IB@O .8) .16 ’1.11()
cnh90.-0.77�0364,6405�1.11�.8�.16) 33v3pvv7e5-

>78[ C- O_nkdssh) Sgd Kh sdAHQC lhrrhnm) OnR HBGDO1.11) .74 ’1.11()
cnh90.-11212�0-303-..74-

>8.[ Y- Rtm) ? mnsd nm sgd qdoqdrdms‘shnmr ne RN’0)c � 0() Qdu- L_sg- Ogxr- 26’.0() 132...6
’1.14() cnh90.-0031�R.018.44W132...62) 3ooopv58no-

>80[ C- @mrdklh) Qdmnql‘khy‘shnm) Hmcdodmcdmskx otakhrgdc) HRAM 867,0,.88.,4.56,0
’1.08(-

>81[ F- %s Gnnes _mc L- I- F- Udksl_m) CH?FQ?LL?Q) M@SN Rbh- Rdq- A 3) 066 ’0863()
cnh90.-0..6�867,0,3573,1715,0Z4-

>82[ R- Vdhmadqf) Sgd Pt‘mstl sgdnqx ne “dkcr- Unk- 09 Entmc‘shnmr) B_l,
aqhcfd Tmhudqrhsx Oqdrr) HRAM 867,.,410,56.42,0) 867,.,400,141.3,3)
cnh90.-0.06�BAN8670028533056 ’1..4(-

>83[ L- L_ffhnqd) ? Lncdqm hmsqnctbshnm sn pt‘mstl “dkc sgdnqx) Nwenqc L_rsdq Rdqhdr hm
Ogxrhbr- Nwenqc Tmhudqrhsx Oqdrr) HRAM 867,.,08,741.63,. ’1..4(-

>84[ Q- I- Qhudqr) K‘fq‘mfh‘m sgdnqx enq mdtsq‘k l‘rrhud rohm,1 “dkcr) Mtnun Bhl- 23’1() 275
’0853() cnh90.-0..6�AE.1623474-

>85[ J- I- A_qmdr) K‘fq‘mfh‘m Sgdnqx enq sgd Rdbnmc,Q‘mj Sdmrnq Ehdkc) I- L_sg- Ogxr- 5’4()
677 ’0854() cnh90.-0.52�0-06.3224-

>86[ O- U_m Mhdtvdmgthydm) Nm fgnrs,eqdd sdmrnq k‘fq‘mfh‘mr ‘mc khmd‘qhydc fq‘uhs‘shnm) Mtbk-
Ogxr- A 5.) 367 ’0862() cnh90.-0.05�.44.,2102’62(8.083,5-

>87[ D- S- Snlantkhr) Rtodqqdmnql‘khy‘akd f‘tfd ‘mc fq‘uhs‘shnm‘k sgdnqhdr) _qWhu Oqdoqhms
’0886() gd1h/g6nsv3o57-

>88[ @- N- A_quhmrjx) @- U- Jtqnu _mc R- L- Rhahqx_jnu) ?rxlosnshb eqddcnl hm ’2�0(,
chldmrhnm‘k oqnidbs‘akd Gnq̈‘u‘ fq‘uhsx9 Bnmmdbshmf sgd tksq‘uhnkds ‘mc hmeq‘qdc cn,
l‘hmr) Ogxr- Qdu- C 0.7’01() K0104.2 ’1.12() cnh90.-00.2�OgxrQduC-0.7-K0104.2)
3tovpvse5o-

>0..[ @- @c_lr) M- @qj_mh,G_ldc) R- Ctanurjx) @- Mhbnkhr _mc Q- Q_ss_yyh) B‘tr‘khsx) ‘m‘kxs,
hbhsx ‘mc ‘m HQ narsqtbshnm sn TU bnlokdshnm) IGDO 0.) .03 ’1..5() cnh90.-0.77�0015,
56.7�1..5�0.�.03) gd1h/g6v7v3ose-

>0.0[ B- O- Atqfdrr) Pt‘mstl fq‘uhsx hm dudqxc‘x khed9 Fdmdq‘k qdk‘shuhsx ‘r ‘m deedbshud “dkc
sgdnqx) Khuhmf Qdu- Qdk- 6) 4 ’1..3() cnh90.-01831�kqq,1..3,4) 4qh.a6vtoove3-
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>0.1[ W- B_klds) Deedbshud sgdnqx enq pt‘mstl fq‘uhsx) Hms- I- Lnc- Ogxr- C 11) 0231.03
’1.02() cnh90.-0031�R.10716070231.034) otvep7o88-

>0.2[ R- B_qnm,Gtns _mc X-,Y- Kh) Fq‘uhsx ‘mc ‘ tmhudqr‘k btsnee enq “dkc sgdnqx) IGDO .1) 004
’1.14() cnh90.-0..6�IGDO.1’1.14(004) 35vepv755v-

>0.3[ L- B_qqhkkn Fnmy_kdy) B- cd Qg_l) U- Onyrf_x _mc @- I- Snkkdx) B‘tr‘k deedbshud “dkc
sgdnqhdr) Ogxr- Qdu- C 0.5’0.() 0.4.07 ’1.11() cnh90.-00.2�OgxrQduC-0.5-0.4.07)
33vspvt5no-

>0.4[ L- B_qqhkkn Fnmy_̀kdy) B- cd Qg_l) R- I_hskx) U- Onyrf_x _mc @- Snj_qdu_) Onrhshuhsx,
b‘tr‘khsx bnlodshshnm9 ‘ qn‘c sn tkshl‘sd DES bnmrhrsdmbx bnmrsq‘hmsr) IGDO .5) 035
’1.13() cnh90.-0..6�IGDO.5’1.13(035) 3tvspv5se5-

>0.5[ A- R- CdVhss) Pt‘mstl Sgdnqx ne Fq‘uhsx- 0- Sgd B‘mnmhb‘k Sgdnqx) Ogxr- Qdu- 05.) 0002
’0856() cnh90.-00.2�OgxrQdu-05.-0002-

>0.6[ A- R- CdVhss) Pt‘mstl Sgdnqx ne Fq‘uhsx- 2- ?ookhb‘shnmr ne sgd Bnu‘qh‘ms Sgdnqx) Ogxr-
Qdu- 051) 0128 ’0856() cnh90.-00.2�OgxrQdu-051-0128-

>0.7[ R- R_mm_m) Fq‘uhsx ‘r sgd Khlhs ne sgd Sxod HH Rtodqrsqhmf Sgdnqx) Ogxr- Qdu- C 23) 0638
’0875() cnh90.-00.2�OgxrQduC-23-0638-

>0.8[ w?bs9 De“bhdms sdmrnq bnlotsdq ‘kfdaq‘ enq L‘sgdl‘shb‘) gsso9��w_bs-dr�hmcdw-gslk-

>00.[ I- L- L_qshm,F_qbh_) Q- Onqstf_k _mc K- Q- T- L_mrrtq) Sgd Hmu‘q Sdmrnq O‘bj‘fd) Bnl,
ots- Ogxr- Bnlltm- 066) 53. ’1..6() cnh90.-0.05�i-bob-1..6-.4-.04) vsv5pos87-

>000[ C- Aqhytdk_) I- L- L_qshm,F_qbh_ _mc F- @- Ldm_ L_qtf_m) wOdqs9 Bnlotsdq ‘kfdaq‘ enq
ldsqhb odqstqa‘shnm sgdnqx) Fdm- Qdk- Fq_u- 30) 1304 ’1..8() cnh90.-0..6�r0.603,..8,
.662,1) vevspve35-

>001[ I- L- L_qsØ̀m,F_qbØ̀_) wOdql9 e‘rs hmcdw b‘mnmhb‘khy‘shnm enq sdmrnq bnlotsdq ‘kfd,
aq‘) Bnlots- Ogxr- Bnlltm- 068’7() 486 ’1..7() cnh90.-0.05�i-bob-1..7-.4-..8)
vevtpve73-

>002[ S- Mtsl_) wSq‘r 9 ? “dkc,sgdnqx hmrohqdc w?bs o‘bj‘fd enq l‘sgdl‘shb‘) Bnlots- Ogxr-
Bnlltm- 074) 0608 ’1.03() cnh90.-0.05�i-bob-1.03-.1-..5) otvept5nt-

>003[ R- Vdhmadqf) Edxml‘m Qtkdr enq ?mx Rohm) Ogxr- Qdu- 022) A0207 ’0853()
cnh90.-00.2�OgxrQdu-022-A0207-

>004[ R- Vdhmadqf) Edxml‘m Qtkdr enq ?mx Rohm- 1- L‘rrkdrr O‘qshbkdr) Ogxr- Qdu- 023) A771
’0853() cnh90.-00.2�OgxrQdu-023-A771-

>005[ M- D- I- Aidqqtl,Angq) I- E- Cnmnfgtd _mc A- Q- Gnkrsdhm) Pt‘mstl fq‘uhs‘shnm‘k
bnqqdbshnmr sn sgd mnmqdk‘shuhrshb rb‘ssdqhmf onsdmsh‘k ne svn l‘rrdr) Ogxr- Qdu- C 56)
.73.22 ’1..2() cnh90.-00.2�OgxrQduC-60-.588.2) >Dqq_stl9 Ogxr-Qdu-C 60) .588.2
’1..4([) gd1h/g6v3oovs3-

>006[ @- @- @jgtmcnu) R- Adkktbbh _mc @- Rghdjg) Fq‘uhs‘shnm‘k hmsdq‘bshnm sn nmd knno
hm deedbshud pt‘mstl fq‘uhsx) Ogxr- Kdss- A 284) 05 ’0886() cnh90.-0.05�R.26.,
1582’85(.0583,1) 4qh.a6n7oovoe-

>007[ Fq‘uhsnm rb‘ssdqhmf ‘lokhstcdr nm w?bs) gssor9��fhsgta-bnl�snj_qdu_8.�
Fq_uhsnm,rb_ssdqhmf,_lokhstcdr,nm,w@bs-
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>008[ R- B_qnm,Gtns _mc U- U_m Ctnmf) Dwsqdl‘k Deedbshud Ehdkc Sgdnqhdr) IGDO .4) 17. ’1.10()
cnh90.-0..6�IGDO.4’1.10(17.) 3voopv3n8s-

>01.[ L- Qtgcnqedq) I- Rdqq_ _mc @- Vdhkdq) Deedbshud Ehdkc Sgdnqx ne Fq‘uhsx sn ?kk Nqcdqr) IGDO
.4) .72 ’1.1.() cnh90.-0..6�IGDO.4’1.1.(.72) onvepvev8v-

>010[ B- cd Qg_l) R- I_hskx _mc @- I- Snkkdx) Bnmrsq‘hmsr nm Qdffd adg‘uhnq eqnl HQ ogxrhbr) Ogxr-
Qdu- C 0.7’3() .35.00 ’1.12() cnh90.-00.2�OgxrQduC-0.7-.35.00) 33o3pv5ns8-

>011[ L- Fdkk,L_mm) L- K- Fnkcadqfdq _mc V- D- Sghqqhmf) Trd ne b‘tr‘khsx bnmchshnmr hm pt‘m,
stl sgdnqx) Ogxr- Qdu- 84) 0501 ’0843() cnh90.-00.2�OgxrQdu-84-0501-

>012[ M- M- Anfnkxtanu _mc C- U- Rghqjnu) HMSQNCTBSHNM SN SGD SGDNQX NE PT?MSHYDC
EHDKCR) unk- 2) Ingm Vhkdx ’0848(-

>013[ M- M- Anfnkxtanu) @- @- Knftmnu _mc H- S- Sncnqnu) Hmsqnctbshnm sn ?whnl‘shb Pt‘mstl
Ehdkc Sgdnqx) V- @- Admi_lhm) Hmb- ’0864(-

>014[ I- R- Snkk) B‘tr‘khsx ‘mc sgd Chrodqrhnm Qdk‘shnm9 Knfhb‘k Entmc‘shnmr) Ogxr- Qdu- 0.3)
065. ’0845() cnh90.-00.2�OgxrQdu-0.3-065.-

>015[ W- N- B_l_mgn) I- C- Dcdkrsdhm) I- L_kc_bdm_ _mc @- Yghandcnu) B‘tr‘khsx Bnm,
rsq‘hmsr nm Bnqqdbshnmr sn sgd Fq‘uhsnm Sgqdd,Onhms Bntokhmf) IGDO .1) .1. ’1.05()
cnh90.-0..6�IGDO.1’1.05(.1.) o5vsp88ns-

>016[ R- F_n _mc Q- L- V_kc) Sgdnqdlr nm fq‘uhs‘shnm‘k shld cdk‘x ‘mc qdk‘sdc hrrtdr) Bk_rr-
Pt_ms- Fq_u- 06) 3888 ’1...() cnh90.-0.77�.153,8270�06�13�2.4) 4qh.a6vvvsv3o-

>017[ A- Adkk_yyhmh) F- Hr_adkk_) L- Kdv_mcnvrjh _mc E- Rf_qk_s_) Fq‘uhs‘shnm‘k b‘tr‘khsx
‘mc sgd rdke,rsqdrr ne ognsnmr) IGDO .4) 043 ’1.11() cnh90.-0..6�IGDO.4’1.11(043)
3ovepv8en7-

>018[ I- Aqnr) G- Dorsdhm _mc U- Fk_rdq) ? oqnne ne sgd bqnrrhmf oqnodqsx enq svn,o‘qshbkd ‘l,
okhstcdr hm fdmdq‘k pt‘mstl “dkc sgdnqx) Bnlltm- L_sg- Ogxr- 0’2() 13. ’0854()
cnh90.-0..6�AE.05352.6-

>02.[ L- Eqnhrr_qs) ?rxlosnshb adg‘uhnq ‘mc rtasq‘bshnmr hm sgd L‘mcdkrs‘l qdoqdrdms‘shnm)
Ogxr- Qdu- 012) 0.42 ’0850() cnh90.-00.2�OgxrQdu-012-0.42-

>020[ @- L_qshm) Tmhs‘qhsx ‘mc ghfg,dmdqfx adg‘uhnq ne rb‘ssdqhmf ‘lokhstcdr) Ogxr- Qdu- 018)
0321 ’0852() cnh90.-00.2�OgxrQdu-018-0321-

>021[ X- R- Ihm _mc @- L_qshm) Mtladq ne Rtasq‘bshnmr hm Ehwdc,Sq‘mredq Chrodqrhnm Qdk‘shnmr)
Ogxr- Qdu- 024) A0264 ’0853() cnh90.-00.2�OgxrQdu-024-A0264-

>022[ I- Snjtc_) Dwsdmrhnm ne onrhshuhsx antmcr sn mnm,knb‘k sgdnqhdr9 HQ narsqtbshnmr sn Knqdmsy
hmu‘qh‘ms TU bnlokdshnmr) IGDO .4) 105 ’1.08() cnh90.-0..6�IGDO.4’1.08(105)
onv3povvtn-

>023[ @- K- Ftdqqhdqh) I- Odmdcnmdr _mc O- Uhdhq_) Annsrsq‘oohmf PBC Trhmf
Ohnm Rb‘ssdqhmf ?lokhstcdr) Ogxr- Qdu- Kdss- 011’13() 1305.3 ’1.08()
cnh90.-00.2�OgxrQduKdss-011-1305.3) oeovpo3e5n-

>024[ C- J_q_sddu) R- Jtgm _mc I- _- Odmdcnmdr) Annsrsq‘oohmf L‘rrhud Pt‘mstl Ehdkc Sgdnqhdr)
IGDO .6) .24 ’1.1.() cnh90.-0..6�IGDO.6’1.1.(.24) ono3pven5v-
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>025[ @- K- Ftdqqhdqh) I- Odmdcnmdr _mc O- Uhdhq_) R,l‘sqhw annsrsq‘o enq deedbshud “dkc sgdnqhdr9
l‘rrkdrr ohnmr) IGDO .5) .77 ’1.10() cnh90.-0..6�IGDO.5’1.10(.77) 3voopv3ev3-

>026[ Q- I- Dcdm) O- U- K_mcrgnee) C- H- Nkhud _mc I- B- Onkjhmfgnqmd) Sgd ‘m‘kxshb R,l‘sqhw)
B_laqhcfd Tmhu- Oqdrr) B_laqhcfd) HRAM 867,.,410,.3758,8 ’0855(-

>027[ @- L_qshm) Rb‘ssdqhmf Sgdnqx9 Tmhs‘qhsx) ?m‘kxshbhsx ‘mc Bqnrrhmf) unk- 2) Roqhmfdq Adqkhm
Gdhcdkadqf) cnh90.-0..6�AEa.0.0.32 ’0858(-

>028[ L- E- O_tknr) I- Odmdcnmdr) I- Snkdcn) A- B- u_m Qddr _mc O- Uhdhq_) Sgd R,l‘sqhw anns,
rsq‘o- O‘qs H9 PES hm ?cR) IGDO 00) 022 ’1.06() cnh90.-0..6�IGDO00’1.06(022)
o7vspv7ovn-

>03.[ L- Jqtbydmrjh) I- Odmdcnmdr _mc A- B- u_m Qddr) Rmnvl‘rr Vghsd O‘odq9 R,l‘sqhw
Annsrsq‘o) Hm Rmnvl‘rr 1.10 ’1.11() 33vtpv353o-

>030[ C- J_q_sddu) I- L_qtbg_) I- _- Odmdcnmdr _mc A- R_gnn) Annsrsq‘oohmf sgd ‘,‘mnl‘kx hm
3c PESr) IGDO 01) 025 ’1.11() cnh90.-0..6�IGDO01’1.11(025) 33v5pvose7-

>031[ O- Sntqjhmd _mc @- Yghandcnu) Rb‘ssdqhmf ‘lokhstcdr eqnl chrodqrhud hsdq‘shnmr ne tmhs‘q,
hsx) IGDO 00) ..4 ’1.12() cnh90.-0..6�IGDO00’1.12(..4) 3tvtpveetn-

>032[ J- G_̇qhmf) @- Gdaa_q) C- J_q_sddu) L- Ldhmdqh _mc I- _- Odmdcnmdr) Antmcr nm ognsnm
rb‘ssdqhmf) IGDO 0.) 0.2 ’1.13() cnh90.-0..6�IGDO0.’1.13(0.2) 33oopv8sn8-

>033[ A- Adkk_yyhmh) L- Qhdla_t _mc E- Qhu_) HQ rhcd ne onrhshuhsx antmcr) Ogxr- Qdu- C 0.5’0.()
0.4..7 ’1.11() cnh90.-00.2�OgxrQduC-0.5-0.4..7) 3oo3po387o-

>034[ @- Mhbnkhr) Q- Q_ss_yyh _mc D- Sqhmbgdqhmh) Sgd F‘khkdnm ‘r ‘ knb‘k lnch“b‘shnm ne fq‘uhsx)
Ogxr- Qdu- C 68) .53.25 ’1..8() cnh90.-00.2�OgxrQduC-68-.53.25) veoop3ons-

>035[ B- cd Qg_l _mc F- F_a_c_cyd) Fdmdq‘khy‘shnm ne sgd Ehdqy,O‘tkh ?bshnm) Ogxr- Qdu- C
71) .33.1. ’1.0.() cnh90.-00.2�OgxrQduC-71-.33.1.) ovvspv55t-

>036[ B- cd Qg_l) F- F_a_c_cyd _mc @- I- Snkkdx) Qdrtll‘shnm ne L‘rrhud Fq‘uhsx) Ogxr- Qdu-
Kdss- 0.5) 1200.0 ’1.00() cnh90.-00.2�OgxrQduKdss-0.5-1200.0) ovoopo3t3-

>037[ B- cd Qg_l) R- Ldkuhkkd) @- I- Snkkdx _mc R-,X- Ygnt) L‘rrhud F‘khkdnm Onrhshuhsx Antmcr)
IGDO .8) .61 ’1.06() cnh90.-0..6�IGDO.8’1.06(.61) osv3pve8ss-

>038[ A- Adkk_yyhmh) E- Qhu_) I- Rdqq_ _mc E- Rf_qk_s_) Adxnmc Onrhshuhsx Antmcr
‘mc sgd E‘sd ne L‘rrhud Fq‘uhsx) Ogxr- Qdu- Kdss- 01.’05() 0500.0 ’1.07()
cnh90.-00.2�OgxrQduKdss-01.-0500.0) osovpv38tn-

>04.[ A- Adkk_yyhmh) F- Hr_adkk_) R- Qhbnrr_ _mc E- Qhu_) L‘rrhud fq‘uhsx hr mns onrhshud) Ogxr-
Qdu- C 0.8’1() .13.40 ’1.13() cnh90.-00.2�OgxrQduC-0.8-.13.40) 3tv5pv388v-

>040[ Y- Jnl_qfncrjh _mc @- Rbgvhlldq) Nm Qdmnql‘khy‘shnm Fqnto Eknvr hm Entq Chldm,
rhnmr) IGDO 01) .88 ’1.00() cnh90.-0..6�IGDO01’1.00(.88) oovsptnes-

>041[ L- I- Ctee) Nardqu‘shnmr nm Bnmenql‘k ?mnl‘khdr) Mtbk- Ogxr- A 014) 223 ’0866()
cnh90.-0.05�.44.,2102’66(8.30.,1-

>042[ L- I- Ctee) Svdmsx xd‘qr ne sgd Vdxk ‘mnl‘kx) Bk_rr- Pt_ms- Fq_u- 00) 0276 ’0883()
cnh90.-0.77�.153,8270�00�5�..3) gd1h/g6ntvevs8-
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>043[ R- Cdrdq _mc @- Rbgvhlldq) Fdnldsqhb bk‘rrh“b‘shnm ne bnmenql‘k ‘mnl‘khdr hm ‘qah,
sq‘qx chldmrhnmr) Ogxr- Kdss- A 2.8) 168 ’0882() cnh90.-0.05�.26.,1582’82(8.823,@)
gd1h/g6ntv3v5s-

>044[ L- Rg_onrgmhjnu _mc @- Snj_qdu_) ?mnl‘kx,eqdd rb‘kd rxlldsqx ‘mc fq‘uhsx) Ogxr- Kdss-
A 73.) 026787 ’1.12() cnh90.-0.05�i-ogxrkdsa-1.12-026787) 33vopvn3t3-

>045[ L- Rg_onrgmhjnu _mc @- Snj_qdu_) Dw‘bs pt‘mstl bnmenql‘k rxlldsqx) hsr ronms‘mdntr
aqd‘jcnvm) ‘mc fq‘uhs‘shnm‘k Vdxk ‘mnl‘kx) Ogxr- Qdu- C 0.6’5() .54.04 ’1.12()
cnh90.-00.2�OgxrQduC-0.6-.54.04) 33o3pvnssv-

>046[ C- J_q_sddu) Y- Jnl_qfncrjh) I- _- Odmdcnmdr _mc A- R_gnn) Sq‘bd ‘mnl‘khdr ‘mc sgd
fq‘uhsnm,chk‘snm ‘lokhstcd) IGDO 00) .56 ’1.13() cnh90.-0..6�IGDO00’1.13(.56)
3to3pvntve-

>047[ @- Rbgvhlldq _mc R- Sgdhrdm) ?m‘kxshbhsx Bnmrsq‘hmsr ‘mc Sq‘bd ?mnl‘kx L‘sbghmf)
_qWhu Oqdoqhms ’1.13() 35o3po7nes-

>048[ K- Udbbgh) B‘tr‘k udqrtr ‘m‘kxshb bnmrsq‘hmsr nm ‘mnl‘kntr pt‘qshb f‘tfd bntokhmfr) IGDO
00) .43 ’1..6() cnh90.-0.77�0015,56.7�1..6�00�.43) vsv5ponvv-

>05.[ B- cd Qg_l) R- Ldkuhkkd) @- I- Snkkdx _mc R-,X- Ygnt) Onrhshuhsx antmcr enq rb‘k‘q “dkc
sgdnqhdr) Ogxr- Qdu- C 85’7() .706.1 ’1.06() cnh90.-00.2�OgxrQduC-85-.706.1)
osv3pv7ot5-

>050[ @- U- L_mng_q _mc U- L_sdt) Chrodqrhnm Qdk‘shnm Antmcr enq oh oh Rb‘ssdqhmf) Ogxr- Qdu-
C 66) .83.08 ’1..7() cnh90.-00.2�OgxrQduC-66-.83.08) vevopt333-

>051[ @- Mhbnkhr) Q- Q_ss_yyh _mc D- Sqhmbgdqhmh) Dmdqfx&r ‘mc ‘lokhstcdr& onrhshuhsx) IGDO
.4) .84 ’1.0.() cnh90.-0..6�IGDO.4’1.0.(.84) >Dqq_stl9 IGDO 00) 017 ’1.00([)
vno3p538e-

>052[ A- Adkk_yyhmh) Rnesmdrr ‘mc ‘lokhstcdr& onrhshuhsx enq rohmmhmf o‘qshbkdr) IGDO .1) .23
’1.06() cnh90.-0..6�IGDO.1’1.06(.23) o7v8pv7ooo-

>053[ B- cd Qg_l) R- Ldkuhkkd) @- I- Snkkdx _mc R-,X- Ygnt) TU bnlokdsd ld9 Onrhshuhsx
Antmcr enq O‘qshbkdr vhsg Rohm) IGDO .2) .00 ’1.07() cnh90.-0..6�IGDO.2’1.07(.00)
osv7pv3so3-

>054[ B- Bgdtmf _mc F- M- Qdlldm) Onrhshud Rhfmr hm L‘rrhud Fq‘uhsx) IGDO .3) ..1 ’1.05()
cnh90.-0..6�IGDO.3’1.05(..1) o7vopv5v7e-

>055[ I- Anmhe_bhn) J- Ghmsdqahbgkdq _mc Q- @- Qnrdm) Onrhshuhsx bnmrsq‘hmsr enq ordtcn,
khmd‘q l‘rrhud rohm,1 ‘mc udbsnq F‘khkdnmr) Ogxr- Qdu- C 83’0.() 0.3..0 ’1.05()
cnh90.-00.2�OgxrQduC-83-0.3..0) o7vspv7ve5-

>056[ K- @kadqsd) B- cd Qg_l) @- Lnldmh) I- Qtlatshr _mc @- I- Snkkdx) Onrhshu,
hsx Bnmrsq‘hmsr nm Hmsdq‘bshmf Ordtcn,Khmd‘q Rohm,1 Ehdkcr) IGDO .6) 010 ’1.1.()
cnh90.-0..6�IGDO.6’1.1.(010) ono3povvoe-

>057[ K- @kadqsd) B- cd Qg_l) @- Lnldmh) I- Qtlatshr _mc @- I- Snkkdx) Onrhshuhsx Bnmrsq‘hmsr
nm Hmsdq‘bshmf Rohm,1 Ehdkcr) IGDO .2) .86 ’1.1.() cnh90.-0..6�IGDO.2’1.1.(.86)
onovpoosnn-

>058[ Y-,X- V_mf) B- Yg_mf _mc R-,X- Ygnt) Fdmdq‘khydc dk‘rshb onrhshuhsx antmcr nm hmsdq‘bs,
hmf l‘rrhud rohm,1 sgdnqhdr) IGDO .3) 106 ’1.10() cnh90.-0..6�IGDO.3’1.10(106)
3voopv8onv-
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>06.[ I- C_uhfgh) R- Ldkuhkkd _mc S- Xnt) M‘stq‘k rdkdbshnm qtkdr9 mdv onrhshuhsx antmcr enq
l‘rrhud rohmmhmf o‘qshbkdr) IGDO .1) 056 ’1.11() cnh90.-0..6�IGDO.1’1.11(056)
3ovepv7tt5-

>060[ A- Adkk_yyhmh) E- Qhu_) I- Rdqq_ _mc E- Rf_qk_s_) L‘rrhud Ghfgdq Rohmr9 Deedbshud Sgdnqx ‘mc
Bnmrhrsdmbx) IGDO 0.) 078 ’1.08() cnh90.-0..6�IGDO0.’1.08(078) onvtpve775-

>061[ J- G_̇qhmf _mc @- Yghandcnu) Fq‘uhs‘shnm‘k Qdffd antmcr) RbhOnrs Ogxr- 05’0() .23
’1.13() cnh90.-10357�RbhOnrsOgxr-05-0-.23) 33v3pve3ev-

>062[ Y- Adqm) C- Jnrlnontknr _mc @- Yghandcnu) Fq‘uhs‘shnm‘k deedbshud “dkc sgdnqx hrk‘mcr)
knv,rohm cnlhm‘mbd) ‘mc sgd entq,fq‘uhsnm ‘lokhstcd) I- Ogxr- @ 43’23() 233..1 ’1.10()
cnh90.-0.77�0640,7010�_b.d40) 3ovtpo3s3e-

>063[ R- C- Bgnvcgtqx) J- Fgnrg) O- G_kc_q) O- Q_l_m _mc @- Rhmg_) Bqnrrhmf Rxllds,
qhb Rohmmhmf R,l‘sqhw Annsrsq‘o9 DES antmcr) RbhOnrs Ogxr- 02’2() .40 ’1.11()
cnh90.-10357�RbhOnrsOgxr-02-2-.40) 3oo3poos88-

>064[ K-,X- Bgh_mf) X-,s- Gt_mf) V- Kh) K- Qnchm_ _mc G-,B- Vdmf) ’Mnm(,oqnidbshud antmcr nm
fq‘uhs‘shnm‘k DES) _qWhu Oqdoqhms ’1.11() 33vopvsoss-

>065[ K- @kadqsd) B- cd Qg_l) R- I_hskx _mc @- I- Snkkdx) Onrhshuhsx Antmcr ‘mc sgd L‘rrkdrr Rohm,
1 Onkd) Ogxr- Qdu- C 0.1’01() 014.12 ’1.1.() cnh90.-00.2�OgxrQduC-0.1-014.12)
3vvspo377s-

>066[ K- @kadqsd) B- cd Qg_l) R- I_hskx _mc @- I- Snkkdx) PDC onrhshuhsx antmcr) Ogxr- Qdu- C
0.2’01() 014.1. ’1.10() cnh90.-00.2�OgxrQduC-0.2-014.1.) 3vo3pv8sne-

>067[ K- @kadqsd) B- cd Qg_l) R- I_hskx _mc @- I- Snkkdx) Qdudqrd Annsrsq‘o,
ohmf9 HQ Kdrrnmr enq TU Ogxrhbr) Ogxr- Qdu- Kdss- 017’4() .405.1 ’1.11()
cnh90.-00.2�OgxrQduKdss-017-.405.1) 3ooopvn337-

>068[ X- G_l_c_) S- Mntlh _mc F- Rght) Vd‘j Fq‘uhsx Bnmidbstqd eqnl Tmhs‘qhsx ‘mc B‘tr‘k,
hsx) Ogxr- Qdu- Kdss- 012’4() .405.0 ’1.08() cnh90.-00.2�OgxrQduKdss-012-.405.0)
oeovpvt7ts-

>07.[ S- Mntlh _mc I- Snjtc_) Ehmhsd dmdqfx rtl qtkdr enq fq‘uhs‘shnm‘k Qdffd ‘lokhstcdr) IGDO
.5) .21 ’1.12() cnh90.-0..6�IGDO.5’1.12(.21) 33o3pvevvo-

>070[ I- Snjtc_) J- @njh _mc R- Ghq_mn) Fq‘uhs‘shnm‘k onrhshuhsx antmcr) IGDO 00) .43 ’1.1.()
cnh90.-0..6�IGDO00’1.1.(.43) 3vvspo8vvn-

>071[ L- Gdqqdqn,U_kd_) @- R- Jnrgdkdu _mc @- Snj_qdu_) TU fq‘uhsnm rb‘ssdqhmf ‘mc onr,
hshuhsx antmcr eqnl HQ chrodqrhnm qdk‘shnmr) Ogxr- Qdu- C 0.5’0.() 0.4..1 ’1.11()
cnh90.-00.2�OgxrQduC-0.5-0.4..1) 33v8pottt3-

>072[ K-,X- Bgh_mf) X-,s- Gt_mf) V- Kh) K- Qnchm_ _mc G-,B- Vdmf) Hmsn sgd DESgdcqnm ‘mc TU
bnmrsq‘hmsr eqnl HQ bnmrhrsdmbx) IGDO .2) .52 ’1.11() cnh90.-0..6�IGDO.2’1.11(.52)
3ov8pv3e73-

>073[ M- @qj_mh,G_ldc) S-,B- Gt_mf _mc X-,s- Gt_mf) Sgd DES,Gdcqnm) IGDO .4) 148 ’1.10()
cnh90.-0..6�IGDO.4’1.10(148) 3vo3po8e5n-

>074[ A- Adkk_yyhmh) I- Dkh_r Lhqǹ) Q- Q_ss_yyh) L- Qhdla_t _mc E- Qhu_) Onrh,
shud lnldmsr enq rb‘ssdqhmf ‘lokhstcdr) Ogxr- Qdu- C 0.3’2() .25..5 ’1.10()
cnh90.-00.2�OgxrQduC-0.3-.25..5) 3voopvvvts-
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>075[ @- I- Snkkdx) Y-,X- V_mf _mc R-,X- Ygnt) Mdv onrhshuhsx antmcr eqnl etkk bqnrrhmf rxlldsqx)
IGDO .4) 144 ’1.10() cnh90.-0..6�IGDO.4’1.10(144) 3voopv35vv-

>076[ B- Yg_mf _mc R-,X- Ygnt) Onrhshuhsx antmcr nm udbsnq anrnm rb‘ssdqhmf ‘s sgd KGB) Ogxr-
Qdu- C 0..’8() .84..2 ’1.08() cnh90.-00.2�OgxrQduC-0..-.84..2) oevepvvvov-

>077[ P- Ah) B- Yg_mf _mc R-,X- Ygnt) Onrhshuhsx bnmrsq‘hmsr nm ‘PFB9 b‘quhmf nts sgd ogxrhb‘k
o‘q‘ldsdq ro‘bd) IGDO .5) 026 ’1.08() cnh90.-0..6�IGDO.5’1.08(026) onv3pvenss-

>078[ F- M- Qdlldm _mc M- K- Qncc) Bnmrhrsdmbx ne sgd Rs‘mc‘qc Lncdk Deedbshud Ehdkc Sgdnqx)
IGDO 01) .21 ’1.08() cnh90.-0..6�IGDO01’1.08(.21) onvepvne58-

>08.[ B- Yg_mf _mc R-,X- Ygnt) Bnmudw Fdnldsqx Odqrodbshud nm sgd ’Rs‘mc‘qc
Lncdk( Deedbshud Ehdkc Sgdnqx Ro‘bd) Ogxr- Qdu- Kdss- 014’1.() 1.05.0 ’1.1.()
cnh90.-00.2�OgxrQduKdss-014-1.05.0) 3vv8pvtv5s-

>080[ A- Etjr) X- Kht) B- Yg_mf _mc R-,X- Ygnt) Onrhshuhsx hm dkdbsqnm,onrhsqnm rb‘ssdqhmf9 sdrshmf
sgd ‘whnl‘shb pt‘mstl “dkc sgdnqx oqhmbhokdr ‘mc oqnahmf sgd dwhrsdmbd ne TU rs‘sdr) Bghm-
Ogxr- B 34’1() .120.7 ’1.10() cnh90.-0.77�0563,0026�_abc7b) 3vvnpv33o3-

>081[ F- M- Qdlldm _mc M- K- Qncc) Ek‘unq Bnmrsq‘hmsr eqnl Tmhs‘qhsx ‘mc ?m‘kxshbhsx) Ogxr-
Qdu- Kdss- 014’7() .705.0 ’1.1.() cnh90.-00.2�OgxrQduKdss-016-0388.0) >Dqq_stl9
Ogxr-Qdu-Kdss- 016) 0388.0 ’1.10([) 3vv5pv3ee8-

>082[ J- X_l_rghs_) B- Yg_mf _mc R-,X- Ygnt) Dk‘rshb onrhshuhsx ur dwsqdl‘k onrhshuhsx antmcr hm
RLDES9 ‘ b‘rd rstcx hm sq‘mrudqr‘k dkdbsqnvd‘j f‘tfd,anrnm rb‘ssdqhmfr) IGDO .0) .84
’1.10() cnh90.-0..6�IGDO.0’1.10(.84) 3vvnpv55nv-

>083[ K-,X- Bgh_mf) X-,s- Gt_mf) K- Qnchm_ _mc G-,B- Vdmf) Cd,oqnidbshmf sgd DESgdcqnm) IGDO
.4) 0.1 ’1.13() cnh90.-0..6�IGDO.4’1.13(0.1) 33v5pvso5v-

>084[ B- Ad_ckd) F- Hr_adkk_) C- Odqqnmd) R- Qhbnrr_) E- Qhu_ _mc E- Rdqq_) Mnm,enqv‘qc TU+HQ
qdk‘shnmr) IGDO .7) 077 ’1.14() cnh90.-0..6�IGDO.7’1.14(077) 35vspv3t57-

>085[ E- Adqstbbh) I- Gdmqhjrrnm) A- LbOd_j) R- Qhbnrr_) E- Qhu_ _mc @- Uhbgh) Onrhshuhsx antmcr nm
l‘rrhud udbsnqr) IGDO 01) .40 ’1.13() cnh90.-0..6�IGDO01’1.13(.40) 35v3pott3s-

>086[ B-,G- Bg_mf _mc I- O_qq_,L_qshmdy) Fq‘uhsnm knnor ‘mc mdf‘shuhsx) IGDO .7) 064 ’1.14()
cnh90.-0..6�IGDO.7’1.14(064) 38voposn5n-

>087[ B- Ad_ckd) F- Hr_adkk_) C- Odqqnmd) R- Qhbnrr_) E- Qhu_ _mc E- Rdqq_) Sgd DES annsrsq‘o ‘s
“mhsd LOK ) IGDO .5) 1.8 ’1.14() cnh90.-0..6�IGDO.5’1.14(1.8) 38vopoe578-

>088[ F- Odmf) K-,P- Rg_n) @- Snj_qdu_ _mc X- Wt) Qtmmhmf DES,gdcqnm vhsg mtkk bnmrsq‘hmsr ‘s
knno kdudk) _qWhu Oqdoqhms ’1.14() 38vopvnsos-

>1..[ C- @l_sh) L- Bh_e_knmh _mc F- Udmdyh_mn) Bk‘rrhb‘k ‘mc Pt‘mstl Fq‘uhsx Deedbsr
eqnl Ok‘mbjh‘m Dmdqfx Rtodqrsqhmf Bnkkhrhnmr) Hms- I- Lnc- Ogxr- @ 2) 0504 ’0877()
cnh90.-0031�R.106640W77...60.-

>1.0[ L- Gdqqdqn,U_kd_) Q- R_msnr,F_qbh_ _mc @- Snj_qdu_) L‘rrkdrr onrhshuhsx hm fq‘uhsnm dw,
bg‘mfd) Ogxr- Qdu- C 0.3’7() .74.11 ’1.10() cnh90.-00.2�OgxrQduC-0.3-.74.11)
3voopoo783-

>1.1[ @- Ftdqqhdqh) I- Odmdcnmdr _mc O- Uhdhq_) Vgdqd Hr Rsqhmf Sgdnqx hm sgd
Ro‘bd ne Rb‘ssdqhmf ?lokhstcdr:) Ogxr- Qdu- Kdss- 016’7() .705.0 ’1.10()
cnh90.-00.2�OgxrQduKdss-016-.705.0) 3ov3pv3e5s-
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>1.2[ @- Ftdqqhdqh) G- Ltq_kh) I- Odmdcnmdr _mc O- Uhdhq_) Vgdqd hr L,sgdnqx hm sgd ro‘bd
ne rb‘ssdqhmf ‘lokhstcdr:) IGDO .5) .53 ’1.12() cnh90.-0..6�IGDO.5’1.12(.53)
33o3pvvo8o-

>1.3[ F- C%@oonkknmhn) O- Ch Udbbgh_) Q- Qtrrn _mc F- Udmdyh_mn) Qdffd adg‘u,
hnq r‘udr Rsqhmf Sgdnqx eqnl b‘tr‘khsx uhnk‘shnmr) IGDO .4) 033 ’1.04()
cnh90.-0..6�IGDO.4’1.04(033) o8v3pvo385-

>1.4[ S- I- Gnkknvnnc _mc F- L- Rgnqd) B‘tr‘khsx Uhnk‘shnm) Fq‘uhs‘shnm‘k Rgnbjv‘udr ‘mc TU
Bnlokdshnm) IGDO .2) 018 ’1.05() cnh90.-0..6�IGDO.2’1.05(018) o8o3pv5n83-

>1.5[ G- Dku_mf) Annsrsq‘o ‘mc ‘lokhstcdr9 ‘ ghjd hm sgd k‘mcrb‘od ne pt‘mstl “dkc sgd,
nqx) Qdos- Oqnf- Ogxr- 73’6() .631.0 ’1.10() cnh90.-0.77�0250,5522�_ae86d)
3vvspve5t7-

>1.6[ @- A_r h Admdhsn) F- B_kb_fmh _mc K- Q_bgv_ı) Bk‘rrhb‘k ‘mc Pt‘mstl Mnmknb‘k Fq‘uhsx)
oo- 0fl5.) Roqhmfdq M_stqd Rhmf_onqd) Rhmf_onqd) cnh90.-0..6�867,870,08,2.68,8Z17,
0 ’1.13() 33oopv87v7-

>1.7[ L- Gdqqdqn,U_kd_) Sgd rs‘str ne Gnq̈‘u‘ fq‘uhsx) Dtq- Ogxr- I- Oktr 027’00() 857 ’1.12()
cnh90.-003.�doio�r0225.,.12,.3482,x) 3tvspotvtn-

>1.8[ I- Aq_tm) G- Fhdr _mc C- C- Rbgdqdq) ?rxlosnshb r‘edsx9 ‘ rhlokd dw‘lokd) Ogxr- Qdu- C
72) .74.01 ’1.00() cnh90.-00.2�OgxrQduC-72-.74.01) ovoopo587-

>10.[ R- Vdhmadqf) Bqhshb‘k Ogdmnldm‘ enq Ehdkc Sgdnqhrsr) Hm 03sg Hmsdqm‘shnm‘k
Rbgnnk ne Rtamtbkd‘q Ogxrhbr9 Tmcdqrs‘mchmf sgd Etmc‘ldms‘k Bnmrshstsdmsr ne L‘ssdq)
cnh90.-0..6�867,0,3573,.820,3Z0 ’0865(-

>100[ L- Qdtsdq) Mnmodqstqa‘shud dunktshnm dpt‘shnm enq pt‘mstl fq‘uhsx) Ogxr- Qdu- C 46)
860 ’0887() cnh90.-00.2�OgxrQduC-46-860) gd1h/g6n7v8vtv-

>101[ V- Rntl_) Mnmsqhuh‘k tksq‘uhnkds “wdc onhms hm pt‘mstl fq‘uhsx) Oqnf- Sgdnq- Ogxr- 0.1)
070 ’0888() cnh90.-0032�OSO-0.1-070) gd1h/g6nnvsv3s-

>102[ M- Ctothr) K- B_mds) @- Dhbggnqm) V- Ldsymdq) I- L- O_vknvrjh) L- Shrrhdq _mc M- Vrbgd,
anq) Sgd mnmodqstqa‘shud etmbshnm‘k qdmnql‘khy‘shnm fqnto ‘mc hsr ‘ookhb‘shnmr) Ogxr-
Qdos- 80.) 0 ’1.10() cnh90.-0.05�i-ogxrqdo-1.10-.0-..0) 3vv7pv5e8t-

>103[ A- Jmnqq) B- Qhojdm _mc E- R_tdqdrrhf) Enql E‘bsnqr hm ?rxlosnshb‘kkx R‘ed Pt‘mstl
Fq‘uhsx) oo- 0fl38) Roqhmfdq M_stqd Rhmf_onqd) Rhmf_onqd) cnh90.-0..6�867,870,08,
2.68,8Z10,0 ’1.12() 33ovpo7vs3-

>104[ @- Dhbggnqm _mc L- Rbgheedq) ?rxlosnshb R‘edsx ne Fq‘uhsx vhsg L‘ssdq) oo- 0fl76)
Roqhmfdq M_stqd Rhmf_onqd) Rhmf_onqd) cnh90.-0..6�867,870,88,6570,1Z11 ’1.12()
33o3pvs587-

>105[ S- Q- Lnqqhr _mc C- Rstkf_) Sgd Etmbshnm‘k e’Q( ?ooqnwhl‘shnm) oo- 0fl22)
Roqhmfdq M_stqd Rhmf_onqd) Rhmf_onqd) cnh90.-0..6�867,870,08,2.68,8Z08,0 ’1.12()
33ovpoot87-

>106[ Q- L_qshmh) F- O- U_bb_ _mc N- Y_mtrrn) Odqstqa‘shud ?ooqn‘bgdr sn Mnmodqstqa‘shud Pt‘m,
stl Fq‘uhsx) oo- 0fl35) Roqhmfdq M_stqd Rhmf_onqd) Rhmf_onqd) cnh90.-0..6�867,870,
08,2.68,8Z14,0 ’1.12() 33ovpotnov-
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>107[ B- Vdssdqhbg) Pt‘mstl Fq‘uhsx ‘mc Rb‘kd Rxlldsqx hm Bnrlnknfx) oo- 0fl57)
Roqhmfdq M_stqd Rhmf_onqd) Rhmf_onqd) cnh90.-0..6�867,870,08,2.68,8Z15,0 ’1.12()
33oopvt8n7-

>108[ @- Ok_s_mh_) Ak‘bj Gnkdr hm ?rxlosnshb‘kkx R‘ed Fq‘uhsx) oo- 0fl54) Roqhmfdq M_stqd
Rhmf_onqd) Rhmf_onqd) cnh90.-0..6�867,870,08,2.68,8Z13,0 ’1.12() 3tv3pv53s3-

>11.[ E- R_tdqdrrhf) Sgd Etmbshnm‘k Qdmnql‘khy‘shnm Fqnto hm Pt‘mstl Fq‘uhsx) oo- 0fl33)
Roqhmfdq M_stqd Rhmf_onqd) Rhmf_onqd) cnh90.-0..6�867,870,08,2.68,8Z05,0 ’1.12()
3tv3po5o83-

>110[ I- L- O_vknvrjh _mc L- Qdhbgdqs) Pt‘mstl Fq‘uhsx eqnl Cxm‘lhb‘k Ldsqhb Ektbst‘shnmr)
oo- 0fl6.) Roqhmfdq M_stqd Rhmf_onqd) Rhmf_onqd) cnh90.-0..6�867,870,88,6570,1Z06
’1.12() 3tvnpovse8-

>111[ @- Anm_mmn) ?rxlosnshb R‘edsx ‘mc Bnrlnknfx) oo- 0fl16) Roqhmfdq M_stqd Rhmf_onqd)
Rhmf_onqd) cnh90.-0..6�867,870,08,2.68,8Z12,0 ’1.12(-

>112[ M- Fnkcdmedkc) Kdbstqdr nm og‘rd sq‘mrhshnmr ‘mc sgd qdmnql‘khy‘shnm fqnto) Vdrsuhdv
Oqdrr ’0881(-

>113[ J- F- Vhkrnm) Qdmnql‘khy‘shnm fqnto ‘mc bqhshb‘k ogdmnldm‘- 0- Qdmnql‘khy‘,
shnm fqnto ‘mc sgd J‘c‘mnee rb‘khmf ohbstqd) Ogxr- Qdu- A 3) 2063 ’0860()
cnh90.-00.2�OgxrQduA-3-2063-

>114[ J- F- Vhkrnm) Qdmnql‘khy‘shnm fqnto ‘mc bqhshb‘k ogdmnldm‘- 1- Og‘rd ro‘bd bdkk ‘m‘kxrhr
ne bqhshb‘k adg‘uhnq) Ogxr- Qdu- A 3) 2073 ’0860() cnh90.-00.2�OgxrQduA-3-2073-

>115[ J- F- Vhkrnm _mc I- A- Jnfts) Sgd Qdmnql‘khy‘shnm fqnto ‘mc sgd dorhknm dwo‘mrhnm)
Ogxr- Qdos- 01) 64 ’0863() cnh90.-0.05�.26.,0462’63(8..12,3-

>116[ H- A_rhkd _mc @- Ok_s_mh_) ?rxlosnshb R‘edsx9 Rv‘lok‘mc nq Vnmcdqk‘mc:) Tmhudqrd
6’0.() 278 ’1.10() cnh90.-228.�tmhudqrd60..278) 3ovspv7ens-

>117[ A- Jmnqq _mc @- Ok_s_mh_) Tmd‘qsghmf sgd hmsdqrdbshnmr9 onrhshuhsx antmcr) vd‘j fq‘uhsx
bnmidbstqd) ‘mc ‘rxlosnshb r‘edsx k‘mcrb‘odr eqnl ognsnm,fq‘uhsnm finvr) IGDO .2) ..2
’1.14() cnh90.-0..6�IGDO.2’1.14(..2) 35v8pvee7v-

>118[ G- Fhdr) Hmsqnctbshnm sn sgd etmbshnm‘k QF ‘mc ‘ookhb‘shnmr sn f‘tfd sgdnqhdr) Kdbs- Mnsdr
Ogxr- 741) 176 ’1.01() cnh90.-0..6�867,2,531,1621.,8Z5) gd1h1g6v7ooo57-

>12.[ L- Qdhbgdqs) Kdbstqd mnsdr9 Etmbshnm‘k Qdmnql‘khr‘shnm Fqnto ‘mc ?rxlosnshb‘kkx R‘ed
Pt‘mstl Fq‘uhsx) OnR 273) ..4 ’1.1.() cnh90.-11212�0-273-...4-

>120[ E- I- Cxrnm) Sgd R l‘sqhw hm pt‘mstl dkdbsqncxm‘lhbr) Ogxr- Qdu- 64) 0625 ’0838()
cnh90.-00.2�OgxrQdu-64-0625-

>121[ I- R- Rbgvhmfdq) Nm sgd Fqddm&r etmbshnmr ne pt‘mshydc “dkcr- 0-) Oqnb- M_s- @b_c- Rbh- 26)
341 ’0840() cnh90.-0.62�om_r-26-6-341-

>122[ I- R- Rbgvhmfdq) Nm sgd Fqddm&r etmbshnmr ne pt‘mshydc “dkcr- 1-) Oqnb- M_s- @b_c- Rbh- 26)
344 ’0840() cnh90.-0.62�om_r-26-6-344-

>123[ E- I- Vdfmdq _mc @- Gntfgsnm) Qdmnql‘khy‘shnm fqnto dpt‘shnm enq bqhshb‘k ogdmnldm‘)
Ogxr- Qdu- @ 7) 3.0 ’0862() cnh90.-00.2�OgxrQdu@-7-3.0-
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>124[ I- L- O_vknvrjh) ?rodbsr ne sgd etmbshnm‘k qdmnql‘khr‘shnm fqnto) @mm_kr Ogxr- 211)
1720 ’1..6() cnh90.-0.05�i-_no-1..6-.0-..6) gd1h/g6v8o337o-

>125[ D- L_mqhptd _mc L- Qdtsdq) A‘qd ?bshnm ‘mc Qdftk‘qhydc Etmbshnm‘k Hmsdfq‘k
ne ?rxlosnshb‘kkx R‘ed Pt‘mstl Fq‘uhsx) Ogxr- Qdu- C 68) .14..7 ’1..8()
cnh90.-00.2�OgxrQduC-68-.14..7) veoopteee-

>126[ L- Eq__hid) @- Ok_s_mh_ _mc E- R_tdqdrrhf) Nm sgd qdbnmrsqtbshnm oqnakdl hm pt‘mstl
fq‘uhsx) Ogxr- Kdss- A 723) 026288 ’1.11() cnh90.-0.05�i-ogxrkdsa-1.11-026288)
33v7pov737-

>127[ C- E- Khshl) Noshlhy‘shnm ne sgd dw‘bs qdmnql‘khy‘shnm fqnto) Ogxr- Kdss- A 375) 81
’1...() cnh90.-0.05�R.26.,1582’..(..637,5) gd1h/g6vvv8358-

>128[ C- E- Khshl) Noshlhydc qdmnql‘khy‘shnm fqnto finvr) Ogxr- Qdu- C 53) 0.4..6 ’1..0()
cnh90.-00.2�OgxrQduC-53-0.4..6) gd1h/g6vovton8-

>13.[ S- Q- Lnqqhr _mc Y- G- Rk_cd) Rnktshnmr sn sgd qdbnmrsqtbshnm oqnakdl hm ‘rxlosnshb r‘edsx)
IGDO 00) .83 ’1.04() cnh90.-0..6�IGDO00’1.04(.83) o8vspve78s-

>130[ B- Vdssdqhbg) Dw‘bs dunktshnm dpt‘shnm enq sgd deedbshud onsdmsh‘k) Ogxr- Kdss- A 2.0) 8.
’0882() cnh90.-0.05�.26.,1582’82(8.615,W) osovpv8eo8-

>131[ S- Q- Lnqqhr) Sgd Dw‘bs qdmnql‘khy‘shnm fqnto ‘mc ‘ooqnwhl‘sd rnktshnmr) Hms- I- Lnc-
Ogxr- @ 8) 1300 ’0883() cnh90.-0031�R.106640W83...861) gd1h1g6ntve378-

>132[ T- Dkkv_mfdq) EKnv dpt‘shnmr enq M onhms etmbshnmr ‘mc antmc rs‘sdr) Y- Ogxr- B 51) 4.2
’0883() cnh90.-0..6�AE.0444800) gd1h1g6ntve37v-

>133[ B- Adbbgh) @- Qntds _mc Q- Rsnq_) Qdmnql‘khy‘shnm ne F‘tfd Sgdnqhdr) @mm_kr Ogxr- 87)
176 ’0865() cnh90.-0.05�...2,3805’65(8.045,0-

>134[ H- U- Sxtshm) F‘tfd Hmu‘qh‘mbd hm Ehdkc Sgdnqx ‘mc Rs‘shrshb‘k Ogxrhbr hm Nodq‘snq Enql‘k,
hrl) _qWhu Oqdoqhms ’0864() veo3pv8ev-

>135[ I- B- V_qc) ?m Hcdmshsx hm Pt‘mstl Dkdbsqncxm‘lhbr) Ogxr- Qdu- 67) 071 ’084.()
cnh90.-00.2�OgxrQdu-67-071-

>136[ X- S_j_g_rgh) Nm sgd fdmdq‘khydc V‘qc hcdmshsx) Mtnun Bhl- 5) 260 ’0846()
cnh90.-0..6�AE.1721403-

>137[ @- J- Bxqnk) K- Ehrsdq) L- Lhssdq) I- L- O_vknvrjh _mc M- Rsqncsgnee) K‘m,
c‘t f‘tfd X‘mf,Lhkkr bnqqdk‘shnm etmbshnmr) Ogxr- Qdu- C 83’4() .43..4 ’1.05()
cnh90.-00.2�OgxrQduC-83-.43..4) o7v8pvoe87-

>138[ J- Fqng) E- R_tdqdrrhf _mc N- Y_mtrrn) Nee,ch‘fnm‘k gd‘s,jdqmdk dwo‘mrhnm ‘mc hsr ‘ookh,
b‘shnm sn “dkcr vhsg cheedqdmsh‘k bnmrsq‘hmsr) _qWhu Oqdoqhms ’1.00() ooo3p5e87-

>14.[ C- U- U_rrhkduhbg) Gd‘s jdqmdk dwo‘mrhnm9 Trdq&r l‘mt‘k) Ogxr- Qdos- 277) 168 ’1..2()
cnh90.-0.05�i-ogxrqdo-1..2-.8-..1) gd1h/g6vtv7ote-

>140[ @- N- A_quhmrjx) X- U- Ftrdu) U- U- Ygxsmhjnu _mc F- @- Uhkjnuhrjx) Bnu‘qh‘ms odqstqa‘shnm
sgdnqx- 3- Sghqc nqcdq hm sgd btqu‘stqd) _qWhu Oqdoqhms ’0882() vnoopoo7e-

>141[ C- Admdcdssh) J- Fqng) O- E- L_bg_cn _mc E- R_tdqdrrhf) Sgd Tmhudqr‘k QF L‘bghmd) IGDO
.5) .68 ’1.00() cnh90.-0..6�IGDO.5’1.00(.68) ovo3ptveo-
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>142[ I- Anqbg_qcs _mc A- Jmnqq) Rnkuhmf etmbshnm‘k finv dpt‘shnmr vhsg ordtcn,rodbsq‘k
ldsgncr) Ogxr- Qdu- C 83) .14.16 ’1.05() cnh90.-00.2�OgxrQduC-83-.14.16)
o7vtpv7s37-

>143[ @- Mhmj) Ehdkc O‘q‘ldsqhy‘shnm Cdodmcdmbd hm ?rxlosnshb‘kkx R‘ed Pt‘mstl Fq‘uhsx) Ogxr-
Qdu- C 80’3() .33.2. ’1.04() cnh90.-00.2�OgxrQduC-80-.33.2.) o5ovpseo7-

>144[ L- Cdlldk _mc @- Mhmj) Bnmmdbshnmr ‘mc fdncdrhbr hm sgd ro‘bd ne ldsqhbr) Ogxr- Qdu- C
81’0.() 0.3.02 ’1.04() cnh90.-00.2�OgxrQduC-81-0.3.02) o8v7pvtevn-

>145[ A- Jmnqq) @- Ok_s_mh_ _mc L- Rbgheedq) Bnm“ftq‘shnm ro‘bd enq pt‘mstl fq‘u,
hsx hm ‘ knb‘kkx qdftk‘qhydc o‘sg hmsdfq‘k) Ogxr- Qdu- C 0.5’01() 015..1 ’1.11()
cnh90.-00.2�OgxrQduC-0.5-015..1) 33v8pot88e-

>146[ M- J- Mhdkrdm) Nm sgd F‘tfd Cdodmcdmbd ne Ronms‘mdntr Rxlldsqx Aqd‘jhmf hm F‘tfd
Sgdnqhdr) Mtbk- Ogxr- A 0.0) 062 ’0864() cnh90.-0.05�.44.,2102’64(8.2.0,5-

>147[ Q- Etjtc_ _mc S- Jtfn) F‘tfd Hmu‘qh‘mbd hm sgd Deedbshud ?bshnm ‘mc Onsdmsh‘k) Ogxr- Qdu-
C 02) 2358 ’0865() cnh90.-00.2�OgxrQduC-02-2358-

>148[ C- E- Khshl _mc I- L- O_vknvrjh) Qdmnql‘khy‘shnm fqnto finvr enq f‘tfd sgdnqhdr
hm ‘wh‘k f‘tfdr) IGDO .8) .38 ’1..1() cnh90.-0.77�0015,56.7�1..1�.8�.38)
gd1h/g6v3vtvv8-

>15.[ A- Jmnqq _mc R- Khoonkcs) Bnqqdk‘shnm etmbshnmr nm ‘ btqudc a‘bjfqntmc) Ogxr- Qdu- C
85’5() .54.1. ’1.06() cnh90.-00.2�OgxrQduC-85-.54.1.) osvspvotns-

>150[ J- E_kkr) C- E- Khshl) J- Mhjnk_jnontknr _mc B- Q_gldcd) Etqsgdq duhcdmbd enq
‘rxlosnshb r‘edsx ne pt‘mstl fq‘uhsx) Ogxr- Qdu- C 82’0.() 0.3.11 ’1.05()
cnh90.-00.2�OgxrQduC-82-0.3.11) o5ovp5eo8-

>151[ G- Fhdr) A- Jmnqq) R- Khoonkcs _mc E- R_tdqdrrhf) Fq‘uhs‘shnm‘k Svn,Knno
Bntmsdqsdql Hr ?rxlosnshb‘kkx R‘ed) Ogxr- Qdu- Kdss- 005’10() 1002.1 ’1.05()
cnh90.-00.2�OgxrQduKdss-005-1002.1) o7vopvoevv-

>152[ A- Jmnqq) Sgd cdqhu‘shud dwo‘mrhnm hm ‘rxlosnshb‘kkx r‘ed pt‘mstl fq‘u,
hsx9 fdmdq‘k rdsto ‘mc pt‘qshb nqcdq) RbhOnrs Ogxr- Bnqd 3) .1. ’1.10()
cnh90.-10357�RbhOnrsOgxrBnqd-3-2-.1.) 3ov5poott7-

>153[ X- Jktsg _mc C- E- Khshl) Etmbshnm‘k qdmnql‘khy‘shnm enq e’Qµµρσ( pt‘mstl fq‘uhsx) Ogxr-
Qdu- C 0.5’0.() 0.5.11 ’1.11() cnh90.-00.2�OgxrQduC-0.5-0.5.11) 33v3pov5t7-

>154[ @- A_kc_yyh) J- E_kkr) X- Jktsg _mc A- Jmnqq) Qnatrsmdrr ne sgd cdqhu‘shud dwo‘mrhnm hm
?rxlosnshb R‘edsx) _qWhu Oqdoqhms ’1.12() 3to3pvteto-

>155[ O- Cnm_”) @- Dhbggnqm _mc Q- Odqb_bbh) L‘ssdq l‘ssdqr hm ‘rxlosnshb‘kkx r‘ed pt‘m,
stl fq‘uhsx) Ogxr- Qdu- C 78’7() .73.24 ’1.03() cnh90.-00.2�OgxrQduC-78-.73.24)
otoop3ene-

>156[ L- Rg_onrgmhjnu _mc B- Vdssdqhbg) ?rxlosnshb r‘edsx ne fq‘uhsx ‘mc sgd Ghffr anrnm l‘rr)
Ogxr- Kdss- A 572) 085 ’1.0.() cnh90.-0.05�i-ogxrkdsa-1..8-01-.11) vno3pv3ve-

>157[ @- Dhbggnqm _mc @- Gdkc) Sno l‘rr eqnl ‘rxlosnshb r‘edsx) Ogxr- Kdss- A 666) 106 ’1.07()
cnh90.-0.05�i-ogxrkdsa-1.06-01-.3.) osvspvoovs-

170



RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

>158[ M- Bgqhrsh_mrdm) A- Jmnqq) I- Ldhangl) I- L- O_vknvrjh _mc L- Qdhbgdqs) Knb‘k Pt‘m,
stl Fq‘uhsx) Ogxr- Qdu- C 81’01() 0104.0 ’1.04() cnh90.-00.2�OgxrQduC-81-0104.0)
o8v7pvsvo7-

>16.[ S- Cdmy) I- L- O_vknvrjh _mc L- Qdhbgdqs) Snv‘qcr ‘oo‘qdms bnmudqfdmbd hm ‘rxlosnsh,
b‘kkx r‘ed pt‘mstl fq‘uhsx) Dtq- Ogxr- I- B 67’3() 225 ’1.07() cnh90.-003.�doib�r0..41,
.07,47.5,.) o7o3pvsto8-

>160[ M- Bgqhrsh_mrdm) J- E_kkr) I- L- O_vknvrjh _mc L- Qdhbgdqs) Btqu‘stqd
cdodmcdmbd ne pt‘mstl fq‘uhsx) Ogxr- Qdu- C 86’3() .35..6 ’1.07()
cnh90.-00.2�OgxrQduC-86-.35..6) osoopvn38n-

>161[ I- L- O_vknvrjh _mc L- Qdhbgdqs) Pt‘mstl Fq‘uhsx9 ? Ektbst‘shmf Onhms ne Uhdv) Eqnms-
hm Ogxr- 7) 440737 ’1.10() cnh90.-2278�eogx-1.1.-440737) 3vvspovt8t-

>162[ A- Jmnqq _mc L- Rbgheedq) Mnm,Odqstqa‘shud Oqno‘f‘snqr hm Pt‘mstl Fq‘uhsx) Tmhudqrd
6’6() 105 ’1.10() cnh90.-228.�tmhudqrd6.6.105) 3ov8pv5877-

>163[ @- Bncdkkn _mc N- Y_mtrrn) Nm sgd mnm,knb‘k gd‘s jdqmdk dwo‘mrhnm) I- L_sg- Ogxr- 43)
.02402 ’1.02() cnh90.-0.52�0-3665123) o3vtp3vt5-

>164[ L- Qdtsdq _mc G- Vdxdq) Qdmnql‘khy‘shnm fqnto hloqnudc fq‘uhs‘shnm‘k ‘bshnmr9 ? Aq‘mr,
Chbjd ‘ooqn‘bg) Ogxr- Qdu- C 58) 0.3.11 ’1..3() cnh90.-00.2�OgxrQduC-58-0.3.11)
gd1h/g6vtooon7-

>165[ @- Ok_s_mh_) Eqnl qdmnql‘khy‘shnm fqnto finvr sn bnrlnknfx) Eqnms- hm Ogxr- 7) 077
’1.1.() cnh90.-2278�eogx-1.1.-..077) 3vvtpot787-

>166[ I- M- Anqhrrnu_ _mc @- Ok_s_mh_) Enql‘shnm ‘mc du‘onq‘shnm ne pt‘mstl ak‘bj
gnkdr eqnl sgd cdbntokhmf ldbg‘mhrl hm pt‘mstl fq‘uhsx) IGDO .2) .35 ’1.12()
cnh90.-0..6�IGDO.2’1.12(.35) 33ovpvoote-

>167[ A- Jmnqq) B- Qhojdm _mc E- R_tdqdrrhf) Enql E‘bsnqr hm ?rxlosnshb R‘edsx9 bnmbdo,
st‘k hcd‘r ‘mc bnlots‘shnm‘k snnkanw) Bk_rr- Pt_ms- Fq_u- 25’12() 123..0 ’1.08()
cnh90.-0.77�0250,5271�_a3_42) onvspv3nvt-

>168[ A- Jmnqq) B- Qhojdm _mc E- R_tdqdrrhf) Enql E‘bsnqr hm Pt‘mstl Fq‘uhsx9 Bnmsq‘rshmf
mnm,knb‘k) fgnrs,eqdd fq‘uhsx ‘mc ?rxlosnshb R‘edsx) Mtnun Bhl- B 34’1() 17 ’1.11()
cnh90.-0282�mbb�h1.11,11.17,4) 3ooopo3t78-

>17.[ G- Fhdr) A- Jmnqq _mc R- Khoonkcs) Fdmdq‘khydc O‘q‘ldsqhy‘shnm Cdodmcdmbd hm Pt‘m,
stl Fq‘uhsx) Ogxr- Qdu- C 81’7() .73.1. ’1.04() cnh90.-00.2�OgxrQduC-81-.73.1.)
o8vspvee8n-

>170[ @- A_kc_yyh) Q- A- @- Yhm_sh _mc J- E_kkr) Drrdmsh‘k qdmnql‘khr‘shnm fqnto) RbhOnrs Ogxr-
02’3() .74 ’1.11() cnh90.-10357�RbhOnrsOgxr-02-3-.74) 3ov8poo5e3-

>171[ @- A_kc_yyh _mc J- E_kkr) Drrdmsh‘k Pt‘mstl Dhmrsdhm Fq‘uhsx) Tmhudqrd 6’7() 183 ’1.10()
cnh90.-228.�tmhudqrd6.7.183) 3ovspvv7so-

>172[ A- Jmnqq) R‘ed drrdmsh‘k rb‘k‘q,sdmrnq sgdnqhdr) _qWhu Oqdoqhms ’1.11() 33v5pve875-

>173[ E- Hgrrdm _mc I- L- O_vknvrjh) Eknvhmf “dkcr ‘mc noshl‘k QF,finvr) _qWhu Oqdoqhms
’1.12() 3tv8pvveo7-

171



RbhOnrs Ogxrhbr Kdbstqd Mnsdr Rtalhrrhnm

>174[ B- Vdssdqhbg) Ehdkc sq‘mrenql‘shnmr hm etmbshnm‘k hmsdfq‘k) deedbshud ‘b,
shnm ‘mc etmbshnm‘k finv dpt‘shnmr) Mtbk- Ogxr- A 0..7) 0056.6 ’1.13()
cnh90.-0.05�i-mtbkogxra-1.13-0056.6) 35v3pv57sn-

>175[ E- Hgrrdm _mc I- L- O_vknvrjh) Ogxrhbr,hmenqldc qdmnql‘khr‘shnm fqnto finvr) @mm_kr
Ogxr- 370) 06.066 ’1.14() cnh90.-0.05�i-_no-1.14-06.066) 35vnpot7sn-

>176[ J- E_kkr _mc Q- Edqqdqn) ?rxlosnshb r‘edsx vhsghm nm,rgdkk odqstqa‘shnm sgdnqx) IGDO .7)
062 ’1.14() cnh90.-0..6�IGDO.7’1.14(062) 35oopvvnte-

>177[ I- Edgqd) C- E- Khshl) I- L- O_vknvrjh _mc L- Qdhbgdqs) Knqdmsyh‘m Pt‘mstl Fq‘u,
hsx ‘mc sgd Fq‘uhsnm Rodbsq‘k Etmbshnm) Ogxr- Qdu- Kdss- 02.’7() .704.0 ’1.12()
cnh90.-00.2�OgxrQduKdss-02.-.704.0) 3ooopot3t3-

>178[ S- Cq_odq) A- Jmnqq) B- Qhojdm _mc E- R_tdqdrrhf) Fq‘uhsnm,Ldch‘sdc Rb‘s,
sdqhmf ?lokhstcdr eqnl sgd Pt‘mstl Deedbshud ?bshnm) IGDO 00) 025 ’1.1.()
cnh90.-0..6�IGDO00’1.1.(025) 3vvspv5tn7-

>18.[ A- Jmnqq) R- Ohqkn) B- Qhojdm _mc E- R_tdqdrrhf) B‘qsnfq‘oghmf fq‘uhsx,ldch‘sdc rb‘ssdqhmf
‘lokhstcdr9 rb‘k‘qr ‘mc ognsnmr) _qWhu Oqdoqhms ’1.11() 33v8pvoste-

>180[ @- Anm_mmn) S- Cdmy) I- L- O_vknvrjh _mc L- Qdhbgdqs) Qdbnmrsqtbshmf sgd fq‘uhsnm)
RbhOnrs Ogxr- 01’0() ..0 ’1.11() cnh90.-10357�RbhOnrsOgxr-01-0-..0) 3ov3pv33os-

>181[ S- Cq_odq) A- Jmnqq) B- Qhojdm _mc E- R_tdqdrrhf) Ehmhsd Pt‘mstl Fq‘uhsx
?lokhstcdr9 Mn Rsqhmfr ?ss‘bgdc) Ogxr- Qdu- Kdss- 014’07() 0702.0 ’1.1.()
cnh90.-00.2�OgxrQduKdss-014-0702.0) 3vvspvvstt-

>182[ I- Ldhangl) I- L- O_vknvrjh _mc L- Qdhbgdqs) ?rxlosnshb r‘edsx ne fq‘uhsx,l‘ssdq
rxrsdlr) Ogxr- Qdu- C 82’7() .73.24 ’1.05() cnh90.-00.2�OgxrQduC-82-.73.24)
o8ovpvsvoe-

>183[ O- Cnm_”) @- Dhbggnqm) O- K_atr _mc Q- Odqb_bbh) ?rxlosnshb r‘edsx hm ‘m hmsdq,
‘bshmf rxrsdl ne fq‘uhsx ‘mc rb‘k‘q l‘ssdq) Ogxr- Qdu- C 82’3() .33.38 ’1.05()
cnh90.-00.2�OgxrQduC-82-0188.3) >Dqq_stl9 Ogxr-Qdu-C 82) 0188.3 ’1.05([)
o8o3pvo8en-

>184[ M- Bgqhrsh_mrdm) C- E- Khshl) I- L- O_vknvrjh _mc L- Qdhbgdqs) ?rxlosnshb r‘edsx ne fq‘uhsx
vhsg l‘ssdq) Ogxr- Qdu- C 86’0.() 0.5.01 ’1.07() cnh90.-00.2�OgxrQduC-86-0.5.01)
osovpv577n-

>185[ @- Dhbggnqm) R- Khoonkcs _mc U- Rjqhmi_q) Mnmlhmhl‘k ghmsr enq ‘rxlosnshb r‘edsx) Ogxr-
Qdu- C 86’1() .15..1 ’1.07() cnh90.-00.2�OgxrQduC-86-.15..1) osovpvtvv8-

>186[ @- Dhbggnqm) R- Khoonkcs) I- L- O_vknvrjh) L- Qdhbgdqs _mc L- Rbgheedq)
Gnv odqstqa‘shud hr pt‘mstl fq‘uhsx:) Ogxr- Kdss- A 681) 20. ’1.08()
cnh90.-0.05�i-ogxrkdsa-1.08-.0-.60) oeovpv3e3e-

>187[ @- Dhbggnqm) O- K_atr) I- L- O_vknvrjh _mc L- Qdhbgdqs) Deedbshud tmhudqr‘khsx hm pt‘m,
stl fq‘uhsx) RbhOnrs Ogxr- 4’3() .20 ’1.07() cnh90.-10357�RbhOnrsOgxr-4-3-.20)
oev5pvvvo3-

>188[ @- Dhbggnqm) R- Khoonkcs _mc L- Rbgheedq) Ynnlhmf hm nm edqlhnmr ‘mc pt‘mstl fq‘uhsx)
Ogxr- Qdu- C 88’7() .75..1 ’1.08() cnh90.-00.2�OgxrQduC-88-.75..1) oeo3pvese3-
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>2..[ B- U_e_) Sgd Rsqhmf k‘mcrb‘od ‘mc sgd rv‘lok‘mc) _qWhu Oqdoqhms ’1..4()
gd1h/g6v8vn3o3-

>2.0[ S- C- Aqdmm_m) E- B_qs_ _mc B- U_e_) Sgd Rsqhmf K‘mcrb‘od) sgd Rv‘lok‘mc) ‘mc sgd
Lhrrhmf Bnqmdq) OnR S?RH1.06) .04 ’1.06() cnh90.-11212�0-2.4-..04) osoopvve75-

>2.1[ D- O_ksh) Sgd Rv‘lok‘mc9 Hmsqnctbshnm ‘mc Qduhdv) Enqsrbg- Ogxr- 56’5() 08...26
’1.08() cnh90.-0..1�oqno-1.08...26) onvtpv73tn-

>2.2[ L- u_m Addrs) I- B_kcdqǹm,Hme_msd) C- Lhqedmcdqdrjh _mc H- U_kdmytdk_) Kdbstqdr nm
sgd Rv‘lok‘mc Oqnfq‘l hm Rsqhmf Bnlo‘bsh“b‘shnmr) Ogxr- Qdos- 878) 0 ’1.11()
cnh90.-0.05�i-ogxrqdo-1.11-.8-..1) 3ov3pvoooo-

>2.3[ M- A- @flnm) @- Adcqnx_) L- I- J_mf _mc B- U_e_) Kdbstqdr nm sgd rsqhmf k‘mcrb‘od ‘mc
sgd Rv‘lok‘mc) Kdbstqd mnsdr) _qWhu Oqdoqhms ’1.11() 33o3pv7oes-

>2.4[ @- O_rsnq,Ftshd̀qqdy) I- L- O_vknvrjh _mc L- Qdhbgdqs) Sgd ?rxlosnshb‘kkx R‘ed Rs‘mc‘qc
Lncdk9 Eqnl pt‘mstl fq‘uhsx sn cxm‘lhb‘k bghq‘k rxlldsqx aqd‘jhmf) RbhOnrs Ogxr-
04’2() 0.4 ’1.12() cnh90.-10357�RbhOnrsOgxr-04-2-0.4) 33vspvneos-

>2.5[ @- Dhbggnqm _mc E- Udqrsddfdm) Toodq antmc nm sgd ?adkh‘m f‘tfd bntokhmf eqnl ‘rxlo,
snshb r‘edsx) IGDO .0) .2. ’1.07() cnh90.-0..6�IGDO.0’1.07(.2.) osvnpvs383-

>2.6[ J-,x- Nc_ _mc L- X_l_c_) Mnm,lhmhl‘k bntokhmf hm GhffrflXtj‘v‘ lncdk vhsg ‘rxlo,
snshb‘kkx r‘ed fq‘uhsx) Bk_rr- Pt_ms- Fq_u- 22’01() 014.00 ’1.05() cnh90.-0.77�.153,
8270�22�01�014.00) o8ovpvtst5-

>2.7[ X- G_l_c_ _mc L- X_l_c_) ?rxlosnshb r‘edsx ne ghfgdq cdqhu‘shud pt‘mstl
fq‘uhsx mnm,lhmhl‘kkx bntokdc vhsg ‘ l‘ssdq rxrsdl) IGDO .7) .6. ’1.06()
cnh90.-0..6�IGDO.7’1.06(.6.) osvtpvnvtt-

>2.8[ @- Dhbggnqm) @- Gdkc _mc I- L- O_vknvrjh) Pt‘mstl,fq‘uhsx deedbsr nm ‘ Ghffr,Xtj‘v‘
lncdk) Ogxr- Qdu- C 83’0.() 0.3.16 ’1.05() cnh90.-00.2�OgxrQduC-83-0.3.16)
o7v5pv3v5o-

>20.[ I- L- O_vknvrjh) L- Qdhbgdqs) B- Vdssdqhbg _mc L- X_l_c_) Ghffr rb‘k‘q onsdm,
sh‘k hm ‘rxlosnshb‘kkx r‘ed pt‘mstl fq‘uhsx) Ogxr- Qdu- C 88’7() .75.0. ’1.08()
cnh90.-00.2�OgxrQduC-88-.75.0.) oeoopoosv7-

>200[ S- L_srtltq_ ds ‘k-) Lhrrhnm cdrhfm ne KhsdAHQC) I- Knv Sdlo- Ogxr- 065) 622 ’1.03()
cnh90.-0..6�r0.8.8,.02,.885,0) otoop3e5s-

>201[ N- K_trbgdq _mc L- Qdtsdq) Eq‘bs‘k ro‘bdshld rsqtbstqd hm ‘rxlosnshb‘kkx r‘ed fq‘uhsx)
IGDO 0.) .4. ’1..4() cnh90.-0.77�0015,56.7�1..4�0.�.4.) gd1h/g6v8ve3v3-

>202[ @- Anm_mmn _mc L- Qdtsdq) Oqhlnqch‘k Dmsqnox Oqnctbshnm ‘mc K‘lac‘,cqhudm Hm,
fi‘shnm eqnl Pt‘mstl Dhmrsdhm Fq‘uhsx) I- Ogxr- Bnme- Rdq- 03.) .01..7 ’1..7()
cnh90.-0.77�0631,5485�03.�0�.01..7) vevtp3857-

>203[ @- Anm_mmn _mc L- Qdtsdq) Dmsqnox Oqnctbshnm ctqhmf ?rxlosnshb‘kkx R‘ed Hmfi‘shnm)
Dmsqnox 02) 163 ’1.00() cnh90.-228.�d02.0.163) ovoop3sn5-

>204[ @- Anm_mmn _mc @- Ok_s_mh_) ?rxlosnshb‘kkx r‘ed hmfi‘shnm eqnl pt‘cq‘shb fq‘uhsx) Ogxr-
Kdss- A 64.) 527 ’1.04() cnh90.-0.05�i-ogxrkdsa-1.04-0.-..4) o8vspvtts8-

>205[ @- Anm_mmn _mc @- Ok_s_mh_) ?rxlosnshb‘kkx R‘ed Q�Q1 fq‘uhsx) OnR BNQET1.04) 048
’1.05() cnh90.-11212�0-152-.048-
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>206[ @- Sqnmbnmh) ?rxlosnshb‘kkx R‘ed Mnm,Lhmhl‘k Hmfi‘shnm) IB@O .6) .04 ’1.06()
cnh90.-0.77�0364,6405�1.06�.6�.04) osv5pv8to3-

>207[ @- Anm_mmn) @- Ok_s_mh_ _mc E- R_tdqdrrhf) Bnrlnknfhb‘k antmcr nm sgd “dkc bnm,
sdms ne ‘rxlosnshb‘kkx r‘ed fq‘uhsxfll‘ssdq lncdkr) Ogxr- Kdss- A 673) 118 ’1.07()
cnh90.-0.05�i-ogxrkdsa-1.07-.5-.36) oevtpv3t88-

>208[ K-,G- Kht) S- Oqnjnodb _mc @- @- Rs_qnahmrjx) Hmfi‘shnm hm ‘m deedbshud fq‘u,
hs‘shnm‘k lncdk ‘mc ‘rxlosnshb r‘edsx) Ogxr- Qdu- C 87’3() .324.4 ’1.07()
cnh90.-00.2�OgxrQduC-87-.324.4) oev7pv85vs-

>21.[ @- Ok_s_mh_) Sgd hmfi‘shnm‘qx ldbg‘mhrl hm ?rxlosnshb‘kkx R‘ed Fq‘uhsx) Tmhudqrd 4’7()
078 ’1.08() cnh90.-228.�tmhudqrd4.7.078) onvepvtens-

>210[ B- Vdssdqhbg) Deedbshud rb‘k‘q onsdmsh‘k hm ‘rxlosnshb‘kkx r‘ed pt‘mstl fq‘uhsx) Tmhudqrd
6’1() 34 ’1.10() cnh90.-228.�tmhudqrd6.1..34) onoopv7ovv-

>211[ R- Vdhmadqf) ?rxlosnshb‘kkx R‘ed Hmfi‘shnm) Ogxr- Qdu- C 70) .72424 ’1.0.()
cnh90.-00.2�OgxrQduC-70-.72424) vnoopto78-

>212[ @- Mhmj _mc L- Qdtsdq) Nm sgd ogxrhb‘k ldbg‘mhrl tmcdqkxhmf ?rxlosnshb R‘edsx) IGDO
.0) .51 ’1.02() cnh90.-0..6�IGDO.0’1.02(.51) o3vepvvto-

>213[ @- Anm_mmn _mc L- Qdtsdq) Pt‘mstl fq‘uhsx deedbsr md‘q sgd mtkk ak‘bj gnkd rhmftk‘qhsx)
Ogxr- Qdu- C 5.) .73.00 ’0888() cnh90.-00.2�OgxrQduC-5.-.73.00) 4qh.a6neoov37-

>214[ A- Jmnqq _mc @- Ok_s_mh_) Rheshmf pt‘mstl ak‘bj gnkdr sgqntfg sgd oqhmbhokd ne kd‘rs
‘bshnm) Ogxr- Qdu- C 0.5’1() K.108.0 ’1.11() cnh90.-00.2�OgxrQduC-0.5-K.108.0)
33v3pvo3o7-

>215[ I- L- O_vknvrjh _mc I- Sq_̇mjkd) Deedbshud ‘bshnm ‘mc ak‘bj gnkd rnktshnmr hm
‘rxlosnshb‘kkx r‘ed pt‘mstl fq‘uhsx) Ogxr- Qdu- C 00.’7() .75.00 ’1.13()
cnh90.-00.2�OgxrQduC-00.-.75.00) 3tvnposv5t-

>216[ I- C__r) B- K_onqsd _mc E- R_tdqdrrhf) Hlo‘bs ne odqstqa‘shud bntmsdqsdqlr nm ak‘bj
gnkdr) Ogxr- Qdu- C 0.8’0.() K0.04.3 ’1.13() cnh90.-00.2�OgxrQduC-0.8-K0.04.3)
3toopo8stn-

>217[ M- Bgqhrsh_mrdm _mc @- Dhbggnqm) ?m ‘rxlosnshb‘kkx r‘ed rnktshnm sn sgd T’0( sqhuh,
‘khsx oqnakdl) Ogxr- Kdss- A 66.) 043 ’1.06() cnh90.-0.05�i-ogxrkdsa-1.06-.3-.36)
osv3pvss35-

>218[ @- Ok_s_mh_ _mc B- Vdssdqhbg) Mnm,odqstqa‘shud tmhs‘qhsx ‘mc “bshshntr fgnrsr hm pt‘m,
stl fq‘uhsx) Ogxr- Kdss- A 700) 024800 ’1.1.() cnh90.-0.05�i-ogxrkdsa-1.1.-024800)
3vvnpv77ts-

>22.[ @- Ok_s_mh_) B‘tr‘khsx) tmhs‘qhsx ‘mc rs‘ahkhsx hm pt‘mstl fq‘uhsx9 ‘ mnm,odqstqa‘shud
odqrodbshud) IGDO .8) 056 ’1.11() cnh90.-0..6�IGDO.8’1.11(056) 33v7pv5vs3-

>220[ Q- A_mdqidd _mc L- Mhdcdql_hdq) Sgd ro‘sh‘k Etmbshnm‘k Qdmnql‘khy‘shnm Fqnto ‘mc
G‘c‘l‘qc rs‘sdr nm bnrlnknfhb‘k ro‘bdshldr) Mtbk- Ogxr- A 87.) 004703 ’1.11()
cnh90.-0.05�i-mtbkogxra-1.11-004703) 33vopv38s8-

>221[ D- C%@mfdkn) M- Cq_fn) M- Ohm_lnmsh _mc J- Qdiymdq) ?m ?kfdaq‘hb PES ?ooqn‘bg sn
sgd Vdssdqhbg Dpt‘shnm nm Knqdmsyh‘m L‘mhenkcr) @mm_kdr Gdmqh Onhmb_qd 14’3() 1184
’1.13() cnh90.-0..6�r...12,.12,.0237,3) 33v3pvs8ev-
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>222[ D- C%@mfdkn _mc J- Qdiymdq) ? Knqdmsyh‘m qdmnql‘khr‘shnm fqnto dpt‘shnm enq f‘tfd sgd,
nqhdr) @mm- Gdmqh Onhmb_qd̀ ’1.14() cnh90.-0..6�r...12,.13,.0424,w) 3tvtpvo5sn-

>223[ D- L_mqhptd) R- Qdbgdmadqfdq _mc E- R_tdqdrrhf) ?rxlosnshb‘kkx R‘ed Knqdmsyh‘m Fq‘u,
hsx) Ogxr- Qdu- Kdss- 0.5) 1402.1 ’1.00() cnh90.-00.2�OgxrQduKdss-0.5-1402.1)
oov3p8vo3-

>224[ I- Ahdl_mr) @- Ok_s_mh_ _mc E- R_tdqdrrhf) Pt‘mstl fq‘uhsx nm enkh‘sdc ro‘bd,
shldr9 ?rxlosnshb‘kkx r‘ed ‘mc rntmc) Ogxr- Qdu- C 84’7() .75.02 ’1.06()
cnh90.-00.2�OgxrQduC-84-.75.02) o7vnpv5eot-

>225[ A- Jmnqq) Knqdmsy rxlldsqx hr qdkdu‘ms) Ogxr- Kdss- A 681) 031 ’1.08()
cnh90.-0.05�i-ogxrkdsa-1.08-.0-.6.) oeovpvsnso-

>226[ @- Dhbggnqm) L- Rbgheedq _mc @- N- Odcdqrdm) ?ookhb‘shnm ne onrhshuhsx antmcr hm ‘rxlo,
snshb‘kkx r‘ed fq‘uhsx) Dtq- Ogxr- I- B 74’6() 622 ’1.14() cnh90.-003.�doib�r0..41,.14,
03338,6) 35v8pvee73-

>227[ I- E- Cnmnfgtd) ? Bqhshptd ne sgd ?rxlosnshb R‘edsx Oqnfq‘l) Eqnms- hm Ogxr- 7) 45
’1.1.() cnh90.-2278�eogx-1.1.-...45) onoopv3n7s-

>228[ @- Anm_mmn) @- Dhbggnqm) G- Fhdr) I- L- O_vknvrjh) Q- Odqb_bbh) L- Qdtsdq) E- R_tdqdrrhf
_mc F- O- U_bb_) Bqhshb‘k qdfidbshnmr nm ‘rxlosnshb‘kkx r‘ed fq‘uhsx) Eqnms- hm Ogxr- 7) 158
’1.1.() cnh90.-2278�eogx-1.1.-..158) 3vv5pv7eov-

>23.[ @- Dhbggnqm) @- Ok_s_mh_ _mc L- Rbgheedq) Knqdmsy hmu‘qh‘mbd uhnk‘shnmr hm sgd hm,
sdqok‘x ne pt‘mstl fq‘uhsx vhsg l‘ssdq) Ogxr- Qdu- C 0.1’1() .15..6 ’1.1.()
cnh90.-00.2�OgxrQduC-0.1-.15..6) onoopovv77-

>230[ E- R_tdqdrrhf _mc @- Rhku_) G‘qudrshmf ogxrhb‘k oqdchbshnmr eqnl ‘rxlosns,
hb‘kkx r‘ed pt‘mstl “dkc sgdnqhdr) Ogxr- Qdu- C 00.’7() .74..4 ’1.13()
cnh90.-00.2�OgxrQduC-00.-.74..4) 35vtpve85o-

>231[ @- Dhbggnqm) @- Gdadbjdq) I- L- O_vknvrjh _mc I- V_kbgdq) Sgd ‘arnktsd rv‘lok‘mc)
DOK 038’2() 28..0 ’1.14() cnh90.-01.8�.184,4.64�_c_0e2) 35v8p3vte7-

>232[ X- Jktsg _mc C- E- Khshl) Ehwdc onhmsr ne pt‘mstl fq‘uhsx ‘mc sgd chldm,
rhnm‘khsx ne sgd TU bqhshb‘k rtqe‘bd) Ogxr- Qdu- C 0.7’1() .15..4 ’1.12()
cnh90.-00.2�OgxrQduC-0.7-.15..4) 3vvepvnoeo-

>233[ D- L_mqhptd _mc L- Qdtsdq) A‘qd udqrtr Deedbshud Ehwdc Onhms ?bshnm hm ?rxlosnshb R‘edsx9
Sgd Qdbnmrsqtbshnm Oqnakdl) OnR BK?PF.7) ..0 ’1.00() cnh90.-11212�0-.68-...0)
vnv8p533v-

>234[ A- Gnkcnl) Nm sgd e‘sd ne rhmftk‘qhshdr ‘mc gnqhynmr hm ghfgdq cdqhu‘shud fq‘uhsx) Ogxr-
Qdu- C 55) .73.0. ’1..1() cnh90.-00.2�OgxrQduC-55-.73.0.) gd1h/g6v3v73on-

>235[ C- @mrdklh) Oqnodqshdr Ne Sgd Bk‘rrhb‘k ?bshnm Ne Pt‘mstl Fq‘uhsx) IGDO .4) .17
’1.02() cnh90.-0..6�IGDO.4’1.02(.17) otv3psovv-

>236[ @- Anm_mmn _mc R- Rhkudq_u_kkd) Bg‘q‘bsdqhyhmf ak‘bj gnkd ldsqhbr hm pt‘cq‘shb fq‘u,
hsx) Ogxr- Qdu- C 88’0.() 0.04.0 ’1.08() cnh90.-00.2�OgxrQduC-88-0.04.0)
onvtpves8n-

>237[ B- cd Qg_l) I- Eq_mbenqs _mc I- Yg_mf) Ak‘bj Gnkd Fq‘uhs‘shnm‘k V‘udr hm
sgd Deedbshud Ehdkc Sgdnqx ne Fq‘uhsx) Ogxr- Qdu- C 0.1’1() .13.68 ’1.1.()
cnh90.-00.2�OgxrQduC-0.1-.13.68) 3vv8potn3t-
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>238[ S- cd O_tk_ Mdssn) A- K- Fh_bbghmh) M- Atqyhkk_” _mc K- Lncdrsn) Nm deedbshud lncdkr ne
qdftk‘q ak‘bj gnkdr hmrohqdc ax ghfgdq,cdqhu‘shud ‘mc mnmknb‘k fq‘uhsx) Mtbk- Ogxr- A 0..6)
005563 ’1.13() cnh90.-0.05�i-mtbkogxra-1.13-005563) 3tvepo338o-

>24.[ @- R- Jnrgdkdu _mc @- Snj_qdu_) Mnmodqstqa‘shud pt‘mstl fq‘uhsx cdmntmbdr rhmftk‘q
ak‘bj gnkdr) Ogxr- Qdu- C 000’7() .75.15 ’1.14() cnh90.-00.2�OgxrQduC-000-.75.15)
35v5pvsn38-

>240[ H- A_rhkd) A- Jmnqq) @- Ok_s_mh_ _mc L- Rbgheedq) ?rxlosnshb r‘edsx) pt‘mstl fq‘uhsx) ‘mc
sgd rv‘lok‘mc9 ‘ bnmbdost‘k ‘rrdrrldms) _qWhu Oqdoqhms ’1.14() 38v3po33nv-

>241[ @- Bnmqnx) @- L_ytlc_q _mc @- Sdhlntqh) V‘kc Dmsqnox enq Fgnrs,Eqdd) Hm“,
mhsd Cdqhu‘shud Sgdnqhdr ne Fq‘uhsx) Ogxr- Qdu- Kdss- 003’1.() 1.00.0 ’1.04()
cnh90.-00.2�OgxrQduKdss-003-1.00.0) >Dqq_stl9 Ogxr-Qdu-Kdss- 01.) .288.0 ’1.07([)
o8vtpv887e-

>242[ Q- J- J_tk _mc O- L_itlc_q) Knf‘qhsglhb bnqqdbshnm sn sgd Adjdmrsdhm,G‘vjhmf dmsqnox)
Ogxr- Qdu- Kdss- 73) 4144 ’1...() cnh90.-00.2�OgxrQduKdss-73-4144) 4qh.a6vvv3v5v-

>243[ W- B_klds _mc E- Jthodqr) Pt‘mstl fq‘uhs‘shnm‘k bnqqdbshnmr sn sgd dm,
sqnox ne ‘ Rbgv‘qyrbghkc ak‘bj gnkd) Ogxr- Qdu- C 0.3’5() .55.01 ’1.10()
cnh90.-00.2�OgxrQduC-0.3-.55.01) 3ovepv7e35-

>244[ @- Ok_s_mh_ _mc I- Qdcnmcn,Xtrsd) Chudqfhmf ak‘bj gnkd dmsqnox eqnl pt‘mstl hmeq‘qdc
mnm,knb‘khshdr) Ogxr- Kdss- A 746) 027882 ’1.13() cnh90.-0.05�i-ogxrkdsa-1.13-027882)
3tvtpos73o-

>245[ R- cd @kvhr) @- Dhbggnqm) @- Gdkc) I- L- O_vknvrjh) L- Rbgheedq _mc E- Udqrsddfdm) ?rxlo,
snshb r‘edsx) rsqhmf sgdnqx ‘mc sgd vd‘j fq‘uhsx bnmidbstqd) Ogxr- Kdss- A 687) 023880
’1.08() cnh90.-0.05�i-ogxrkdsa-1.08-023880) onvspvsen5-

>246[ H- A_rhkd _mc @- Ok_s_mh_) Bnrlnknfhb‘k �&,bnqqdbshnmr eqnl sgd etmbshnm‘k qdmnql‘khy‘shnm
fqnto) IGDO .5) .34 ’1.10() cnh90.-0..6�IGDO.5’1.10(.34) 3ovopv3337-

>247[ H- A_rhkd _mc @- Ok_s_mh_) Rsqhmf sdmrhnm adsvddm cd Rhssdq u‘bt‘ ‘mc btqu‘stqd bnqqdb,
shnmr) Ogxr- Qdu- C 0.3’01() K0108.0 ’1.10() cnh90.-00.2�OgxrQduC-0.3-K0108.0)
3ovtpv73s7-

>248[ I- Onkbghmrjh) Rsqhmf sgdnqx- Unk- 09 ?m hmsqnctbshnm sn sgd anrnmhb rsqhmf) B_laqhcfd
Lnmnfq_ogr nm L_sgdl_shb_k Ogxrhbr- B_laqhcfd Tmhudqrhsx Oqdrr) HRAM 867,.,400,
14116,2) 867,.,410,56116,5) 867,.,410,522.2,0) cnh90.-0.06�BAN867.400705.68
’1..6(-

>25.[ I- Onkbghmrjh) Rsqhmf sgdnqx- Unk- 19 Rtodqrsqhmf sgdnqx ‘mc adxnmc) B_laqhcfd
Lnmnfq_ogr nm L_sgdl_shb_k Ogxrhbr- B_laqhcfd Tmhudqrhsx Oqdrr) HRAM 867,.,400,
14117,.) 867,.,410,522.3,7) 867,.,410,56117,2) cnh90.-0.06�BAN867.400507012
’1..6(-

>250[ Q- Aktldmg_fdm) C- Kṫrs _mc R- Sgdhrdm) A‘rhb bnmbdosr ne rsqhmf sgdnqx) Sgdnqdshb_k
_mc L_sgdl_shb_k Ogxrhbr- Roqhmfdq) Gdhcdkadqf) Fdql_mx) HRAM 867,2,531,18385,8)
cnh90.-0..6�867,2,531,18386,5 ’1.02(-

>251[ D- Jhqhsrhr) Rsqhmf Sgdnqx hm ‘ Mtsrgdkk9 Rdbnmc Dchshnm) Oqhmbdsnm Tmhudqrhsx Oqdrr) TR@)
HRAM 867,.,580,04468,0) 867,.,580,07785,5 ’1.08(-
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>252[ C- Snmf) Rsqhmf Sgdnqx) _qWhu Oqdoqhms- Kdbstqdr fhudm hm O_qs HHH ne sgd L_sgdl_shb_k
Sqhonr _s sgd Tmhudqrhsx ne B_laqhcfd- ’1..8() vnvepvttt-

>253[ R- Bdbnssh) Hmsqnctbshnm sn Rsqhmf Sgdnqx) unk- 8672.202542..) Roqhmfdq) HRAM 867,2,
.20,25418,3) 867,2,.20,2542.,.) cnh90.-0..6�867,2,.20,2542.,. ’1.12(-

>254[ Y- Adqm) I- I- B_qq_rbn) V-,L- Bgdm) @- Dchrnm) G- Ing_mrrnm) I- O_qq_,L_qshmdy)
Q- Qnha_m _mc L- Ydmf) Tksq‘uhnkds Oqnodqshdr ne M + 7 Rtodqfq‘uhsx ‘s Ehud Knnor)
Ogxr- Qdu- C 87’7() .75.10 ’1.07() cnh90.-00.2�OgxrQduC-87-.75.10) oev5pvntoo-

>255[ H- A_rhkd) C- Kṫrs _mc B- Lnmsdkk_) Rgdcchmf ak‘bj gnkd khfgs nm sgd dldqfdms rsqhmf
bnmidbstqd) IGDO .6) 1.7 ’1.13() cnh90.-0..6�IGDO.6’1.13(1.7) 3toopo3oot-

>256[ @- B_rsdkk_mn) @- Gdqq_̀dy _mc K- D- Ha_̀m̂dy) Nm sgd rodbhdr rb‘kd) lnctk‘q hmu‘qh‘mbd ‘mc
sgd fq‘uhs‘shnm‘k DES dwo‘mrhnm) IGDO 01) .08 ’1.13() cnh90.-0..6�IGDO01’1.13(.08)
3tovpvssve-

>257[ H- A_rhkd) M- Bqhahnqh) C- Ktrs _mc B- Lnmsdkk_) Lhmhl‘k ak‘bj gnkdr ‘mc rodbhdr sgdqln,
cxm‘lhbr) IGDO .5) 016 ’1.13() cnh90.-0..6�IGDO.5’1.13(016) 35vopv7e8o-

>258[ @- Adcqnx_) Q- J- Lhrgq_ _mc L- Vhdrmdq) Cdmrhsx ne rs‘sdr) ak‘bj gnkdr ‘mc sgd
Dldqfdms Rsqhmf Bnmidbstqd) IGDO .0) 033 ’1.14() cnh90.-0..6�IGDO.0’1.14(033)
35v8pvvvet-

>26.[ B- @nt“_) H- A_rhkd _mc F- Kdnmd) Rodbhdr rb‘kd) vnqkcrgdds BESr ‘mc dldqfdms fdnldsqx)
IGDO 01) 000 ’1.13() cnh90.-0..6�IGDO01’1.13(000) 35v8pvt7et-

>260[ F- Udmdyh_mn) K‘qfd M antmcr nm) ‘mc bnlonrhsdmdrr khlhs ne) f‘tfd ‘mc fq‘uhs‘,
shnm‘k hmsdq‘bshnmr) IGDO .5) .40 ’1..1() cnh90.-0.77�0015,56.7�1..1�.5�.40)
gd1h/g6voovo3n-

>261[ F- Cu_kh) Ak‘bj Gnkdr ‘mc K‘qfd M Rodbhdr Rnktshnm sn sgd Ghdq‘qbgx Oqnakdl) Enqsrbg-
Ogxr- 47) 417 ’1.0.() cnh90.-0..1�oqno-1.0.....8) vsv7p3v8v-

>262[ F- Cu_kh _mc L- Qdch) Ak‘bj Gnkd Antmc nm sgd Mtladq ne Rodbhdr ‘mc Pt‘mstl Fq‘uhsx ‘s
KGB) Ogxr- Qdu- C 66) .34.16 ’1..7() cnh90.-00.2�OgxrQduC-66-.34.16) vsovp5t55-

>263[ F- Cu_kh _mc B- Fnldy) Rodbhdr ‘mc Rsqhmfr) _qWhu Oqdoqhms ’1.0.() ovv5pts55-

>264[ W- B_klds) Q- B_r_chn) @- X- J_ldmrgbghj _mc N- U- Sdqx_du) Fq‘uhsnm oqno‘f‘,
snq) qdmnql‘khy‘shnm rb‘kd ‘mc ak‘bj,gnkd khjd rs‘sdr) Ogxr- Kdss- A 663) 221 ’1.06()
cnh90.-0.05�i-ogxrkdsa-1.06-.8-.7.) osvepvo5e8-

>265[ U- @rr_rrh) C- A_tl_mm) C- Fqddm _mc K- Lb@kkhrsdq) Ok‘mbj,Rtooqdrrdc Nodq‘snqr) IB@O
.0) .22 ’1.03() cnh90.-0.77�0364,6405�1.03�.0�.22) otv5p8337-

>266[ K- B- Oqhbd) Onvdq rodbsqtl nrbhkk‘shnmr eqnl Ok‘mbj,rtooqdrrdc nodq‘snqr hm deedbshud
“dkc sgdnqx lnshu‘sdc lnmncqnlx hmfi‘shnm) Ogxr- Qdu- C 81’0.() 0.24.6 ’1.04()
cnh90.-00.2�OgxrQduC-81-0.24.6) o8vspvet7v-

>267[ I- Etl_f_kkh) R- Qdm_tw,Odsdk _mc I- V- Qnm_xmd) Ghffr u‘bttl ’hm(rs‘ahkhsx ctqhmf
hmfi‘shnm9 sgd c‘mfdqntr qdkdu‘mbd ne cd Rhssdq cdo‘qstqd ‘mc Ok‘mbj,rtooqdrrdc nodq‘snqr)
IGDO .1) 031 ’1.1.() cnh90.-0..6�IGDO.1’1.1.(031) onovpot5tv-

>268[ @- Snj_qdu_) Fq‘uhs‘shnm‘k v‘udr eqnl hmfi‘snm cdb‘x ‘mc aqdlrrsq‘gktmf) Ogxr- Kdss- A
742) 027584 ’1.13() cnh90.-0.05�i-ogxrkdsa-1.13-027584) 3to3po77no-
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>27.[ F- Cu_kh) @- Jna_jghcyd _mc N- R_jgdk_rguhkh) Ghms sn rtodqrxlldsqx eqnl sgd FQ
u‘bttl) Ogxr- Qdu- C 00.’7() .75..7 ’1.13() cnh90.-00.2�OgxrQduC-00.-.75..7)
35v7poe5v3-

>270[ F- S- Gnqnvhsy) L- Jnk_mnvrjh) F- M- Qdlldm _mc I- D- R_msnr) Dwsqdl‘k Jdqq
Ak‘bj Gnkdr ‘r ?lokh“dqr ne Mdv Ogxrhbr) Ogxr- Qdu- Kdss- 020’8() .803.1 ’1.12()
cnh90.-00.2�OgxrQduKdss-020-.803.1) 3tvtpvst8e-

>271[ F- S- Gnqnvhsy) L- Jnk_mnvrjh) F- M- Qdlldm _mc I- D- R_msnr) Rtccdm aqd‘jcnvm
ne deedbshud “dkc sgdnqx md‘q bnnk Jdqq,Mdvl‘m ak‘bj gnkdr) IGDO .4) 011 ’1.13()
cnh90.-0..6�IGDO.4’1.13(011) 35vtpvvv8o-

>272[ X- Yhfcnm) Rsqhmfx enqbdr hm sgd ak‘bj gnkd hmsdqhnq) IGDO 00) .52 ’1.13()
cnh90.-0..6�IGDO00’1.13(.52) 35vspo3nvt-

>273[ R- A- Fhcchmfr _mc L- Rqdcmhbjh) Ghfg,dmdqfx fq‘uhs‘shnm‘k rb‘ssdqhmf ‘mc ak‘bj gnkd
qdrnm‘mbdr) Ogxr- Qdu- C 66) .74.14 ’1..7() cnh90.-00.2�OgxrQduC-66-.74.14)
vsoop8vo3-

>274[ R- V- G_vjhmf) O‘qshbkd Bqd‘shnm ax Ak‘bj Gnkdr) Bnlltm- L_sg- Ogxr- 32) 088 ’0864()
cnh90.-0..6�AE.1234.1.) >Dqq_stl9 Bnlltm-L_sg-Ogxr- 35) 1.5 ’0865([-

>275[ I- C- Adjdmrsdhm) Ak‘bj gnkdr ‘mc dmsqnox) Ogxr- Qdu- C 6) 1222 ’0862()
cnh90.-00.2�OgxrQduC-6-1222-

>276[ R- V- G_vjhmf) Ak‘bj Gnkdr ‘mc Sgdqlncxm‘lhbr) Ogxr- Qdu- C 02) 080 ’0865()
cnh90.-00.2�OgxrQduC-02-080-

>277[ F- V- Fhaanmr _mc R- V- G_vjhmf) ?bshnm Hmsdfq‘kr ‘mc O‘qshshnm Etmbshnmr hm Pt‘mstl
Fq‘uhsx) Ogxr- Qdu- C 04) 1641 ’0866() cnh90.-00.2�OgxrQduC-04-1641-

>278[ Q- L- V_kc) Sgd sgdqlncxm‘lhbr ne ak‘bj gnkdr) Khuhmf Qdu- Qdk- 3) 5 ’1..0()
cnh90.-01831�kqq,1..0,5) 4qh.a6nno3oon-

>28.[ F- Cu_kh) Dmsqnox Antmc ‘mc Tmhs‘qhsx ne Rb‘ssdqhmf ?lokhstcdr) IGDO .2) 015 ’1.10()
cnh90.-0..6�IGDO.2’1.10(015) 3vvtpv8857-

>280[ G- B_rhmh) Qdk‘shud dmsqnox ‘mc sgd Adjdmrsdhm antmc) Bk_rr- Pt_ms- Fq_u- 14) 1.4.10
’1..7() cnh90.-0.77�.153,8270�14�1.�1.4.10) vev5p3oe3-

>281[ S- A_mjr _mc V- Ehrbgkdq) ? Lncdk enq ghfg,dmdqfx rb‘ssdqhmf hm pt‘mstl fq‘uhsx) _qWhu
Oqdoqhms ’0888() gd1h/g6nnv7vte-

>282[ R- A- Fhcchmfr _mc Q- @- Onqsn) Sgd Fq‘uhs‘shnm‘k R,l‘sqhw) Ogxr- Qdu- C 70) .14..1
’1.0.() cnh90.-00.2�OgxrQduC-70-.14..1) vnvepvvv5-

>283[ @- Gdqq_̀dy) C- Kṫrs) I- L_rh_r _mc L- Rb_khrh) Nm sgd Nqhfhm ne Rodbhdr Sgdqln,
cxm‘lhbr ‘mc sgd Ak‘bj Gnkd , Snvdq Bnqqdronmcdmbd) RbhOnrs Ogxr- 07 ’1.14()
cnh90.-10357�RbhOnrsOgxr-07-2-.72) 35v7pose8o-

>284[ S- A_mjr) S?RH kdbstqdr nm l‘sqhw sgdnqx) Hm Sgdnqdshb‘k ?cu‘mbdc Rstcx Hmrshstsd hm
Dkdldms‘qx O‘qshbkd Ogxrhbr ’S?RH 88(9 Rsqhmfr) Aq‘mdr) ‘mc Fq‘uhsx) oo- 384fl431 ’0888()
gd1h/g6nnoov7e-

>285[ S- A_mjr) S?RH Kdbstqdr nm Gnknfq‘oghb Ro‘bd,Shld) RTRX ‘mc Fq‘uhs‘shnm‘k Deedbshud Ehdkc
Sgdnqx) Hm Sgdnqdshb‘k ?cu‘mbdc Rstcx Hmrshstsd hm Dkdldms‘qx O‘qshbkd Ogxrhbr9 Rsqhmf
sgdnqx ‘mc hsr ?ookhb‘shnmr9 Eqnl ldU sn sgd Ok‘mbj Rb‘kd ’1.0.() ovvsp5vvo-
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>286[ K- Jdksmdq _mc @- I- Snkkdx) TU oqnodqshdr ne F‘khkdnmr9 Rodbsq‘k Cdmrhshdr) _qWhu Oqdoqhms
’1.04() o8v3pv8sv7-

>287[ @- L- I_eed) GHFG,DMDQFX ADG?UHNQ HM PT?MSTL EHDKC SGDNQX- H- RSQHBSKX KN,
B?KHY?AKD EHDKCR) Ogxr- Qdu- 047) 0343 ’0856() cnh90.-00.2�OgxrQdu-047-0343-

>288[ F- %s Gnnes) Chldmrhnm‘k qdctbshnm hm pt‘mstl fq‘uhsx) Bnme- Oqnb- B 82.2.7) 173
’0882() 4qh.a6ntovv37-

>3..[ K- Rtrrjhmc) Sgd Vnqkc ‘r ‘ gnknfq‘l) I- L_sg- Ogxr- 25) 5266 ’0884()
cnh90.-0.52�0-420138) gd1h/g6n5vnven-

>3.0[ H- L- Rhmfdq) Rnld Qdl‘qjr nm sgd Fqhanu ?lahfthsx) Bnlltm- L_sg- Ogxr- 5.) 6
’0867() cnh90.-0..6�AE.05.8360-

>3.1[ L- A- Eqṅa) @- Ltbg _mc J- O_o_cnontknr) Mnmbnllts‘shud fdnldsqx
eqnl odqstqa‘shud pt‘mstl fq‘uhsx) Ogxr- Qdu- C 0.6’5() .53.30 ’1.12()
cnh90.-00.2�OgxrQduC-0.6-.53.30) 33vspvtt58-

>3.2[ I- @ql_r) Bnmudqr‘shnmr nm Pt‘mstl Fq‘uhsx) B_laqhcfd Tmhudqrhsx Oqdrr) HRAM 867,
0,205,60652,8) 867,0,0.6,05776,8) cnh90.-0.06�8670205606528 ’1.10(-

>3.3[ Q- B_r_chn) @- J_ldmrgbghj _mc H- Jtmsy) A‘bjfqntmc hmcdodmcdmbd ‘mc
“dkc qdcd“mhshnmr hm pt‘mstl fq‘uhsx) @mm_kr Ogxr- 338) 0581.2 ’1.12()
cnh90.-0.05�i-_no-1.11-0581.2) 33ovpv5t7e-

>3.4[ R- V- G_vjhmf) Ro‘bd,Shld En‘l) Mtbk- Ogxr- A 033) 238 ’0867() cnh90.-0.05�.44.,
2102’67(8.264,8-

>3.5[ F- V- Fhaanmr _mc R- V- G_vjhmf) Rdkdbshnm qtkdr enq snonknfx bg‘mfd) Bnlltm- L_sg-
Ogxr- 037) 234 ’0881() cnh90.-0..6�AE.10..753-

>3.6[ I- LbM_l_q_ _mc B- U_e_) Bnanqchrl Bk‘rrdr ‘mc sgd Rv‘lok‘mc) _qWhu Oqdoqhms ’1.08()
onvnpovt88-

>3.7[ I- LbM_l_q_) Sgd Jhmdl‘shbr ne Pt‘mstl Fq‘uhsx) Og-C- sgdrhr) G_qu_qc Tmhudqrhsx
’1.11() g//1rc66-qrpgUquUq:pd:26TPLhtcETIpHLRSP�ONRctsts33vo-

>3.8[ I- LbM_l_q_) Bnanqchrl) DQ/ DOQ) ‘mc sgd Rtl Nudq Snonknfhdr) TQK gssor9��dudmsnr-
t_l-dr�“kdZl_m_fdq�fdsEhkd�034854-gslk) Rv_lok_mch_ Vnqjrgno ’1.12(-

>30.[ U- A_k_rtaq_l_mh_m) @- K_vqdmbd) I- L- L_f_m _mc L- R_rhds_) Lhbqnrbnohb Nqhfhm ne
sgd Dmsqnox ne Ak‘bj Gnkdr hm Fdmdq‘k Qdk‘shuhsx) Ogxr- Qdu- W 03’0() .00.13 ’1.13()
cnh90.-00.2�OgxrQduW-03-.00.13) 33o3pv355s-

>300[ I- G- Rbgv_qy) Rtodqrsqhmf Sgdnqx) Ogxr- Qdos- 78) 112 ’0871() cnh90.-0.05�.26.,
0462’71(8..76,3-

>301[ G- Dku_mf _mc X-,s- Gt_mf) Rb‘ssdqhmf ?lokhstcdr) _qWhu Oqdoqhms ’1.02() otvepo7ns-

>302[ G- J_v_h) C- B- Kdvdkkdm _mc R- G- G- Sxd) ? Qdk‘shnm Adsvddm Sqdd ?lokhstcdr ne Bknrdc
‘mc Nodm Rsqhmfr) Mtbk- Ogxr- A 158) 0 ’0875() cnh90.-0.05�.44.,2102’75(8.251,6-

>303[ R- B_qnm,Gtns) Y- Jnl_qfncrjh) @- Rdudq _mc @- Yghandcnu) Rsqhmfr eqnl L‘rrhud Ghfgdq
Rohmr9 Sgd ?rxlosnshb Tmhptdmdrr ne sgd Udmdyh‘mn ?lokhstcd) IGDO 0.) .15 ’1.06()
cnh90.-0..6�IGDO0.’1.06(.15) o7vspv538t-
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>304[ M- @ejg_lh,Idcch) R- Jtmct _mc @- S_ichmh) ? Antmc nm L‘rrhud Ghfgdq Rohm O‘qshbkdr)
IGDO .3) .45 ’1.08() cnh90.-0..6�IGDO.3’1.08(.45) oeoopvon83-

>305[ Q- @knmrn _mc @- Tqa_mn) ?lokhstcdr) qdrnm‘mbdr) ‘mc sgd tksq‘uhnkds bnlokdshnm ne
fq‘uhsx) Ogxr- Qdu- C 0..’8() .84.02 ’1.08() cnh90.-00.2�OgxrQduC-0..-.84.02)
onv7poo7es-

>306[ X-,s- Gt_mf _mc F- M- Qdlldm) TU,bnlokdsd fq‘uhsx ‘lokhstcdr ‘mc sgd sqhokd oqnc,
tbs) Ogxr- Qdu- C 0.5’1() K.108.1 ’1.11() cnh90.-00.2�OgxrQduC-0.5-K.108.1)
33vtpvv7n7-

>307[ R- B_qnm,Gtns) X-,Y- Kh) I- O_qq_,L_qshmdy _mc C- Rhllnmr,Cte“m) B‘tr‘k,
hsx bnmrsq‘hmsr nm bnqqdbshnmr sn Dhmrsdhm fq‘uhsx) IGDO .4) 011 ’1.12()
cnh90.-0..6�IGDO.4’1.12(011) 33vopv77v3-

>308[ M- Fdhrdq _mc K- V- Khmcv_rrdq) Oqnodqshdr ne hm“mhsd oqnctbs ‘lokhstcdr9 Udmdyh‘mn) Uhq‘,
rnqn) ‘mc Bnnm) IGDO 01) 001 ’1.11() cnh90.-0..6�IGDO01’1.11(001) 33vspvee88-

>31.[ M- Fdhrdq _mc K- V- Khmcv_rrdq) Fdmdq‘khydc Udmdyh‘mn ‘mc Uhq‘rnqn ‘lokhstcdr) IGDO
.3) .20 ’1.12() cnh90.-0..6�IGDO.3’1.12(.20) 33ovpo5n3v-

>310[ B- Bgdtmf _mc F- M- Qdlldm) Udmdyh‘mn u‘qh‘shnmr9 gnv tmhptd ‘qd rsqhmf ‘lokhstcdr:)
IGDO .0) 011 ’1.12() cnh90.-0..6�IGDO.0’1.12(011) 33ovpo3o7t-

>311[ B- Bgdtmf _mc F- M- Qdlldm) Rsqhmfx cxm‘lhbr eqnl ‘m ‘lokhstcdr annsrsq‘o) Ogxr-
Qdu- C 0.7’1() .15.00 ’1.12() cnh90.-00.2�OgxrQduC-0.7-.15.00) 3tv3po337t-

>312[ B- Bgdtmf _mc F- M- Qdlldm) Adronjd ct‘k qdrnm‘mbd) Ogxr- Qdu- C 0.7’7() .75..8
’1.12() cnh90.-00.2�OgxrQduC-0.7-.75..8) 3tvepvtett-

>313[ M- @qj_mh,G_ldc) B- Bgdtmf) B- Ehftdhqdcn _mc F- M- Qdlldm) Ltksho‘qshbkd E‘b,
snqhy‘shnm ‘mc sgd Qhfhchsx ne Rsqhmf Sgdnqx) Ogxr- Qdu- Kdss- 021’8() .805.0 ’1.13()
cnh90.-00.2�OgxrQduKdss-021-.805.0) 3to3pvs783-

>314[ J- G_̇qhmf _mc @- Yghandcnu) Sgd rsqhmfx R,l‘sqhw annsrsq‘o9 l‘whl‘k rohm ‘mc rtodqonkx,
mnlh‘k rnesmdrr) IGDO 0.) .64 ’1.13() cnh90.-0..6�IGDO0.’1.13(.64) 3toopot7to-

>315[ B- Bgdtmf) @- Ghkkl_m _mc F- M- Qdlldm) Annsrsq‘o Oqhmbhokd enq sgd Rodb,
sqtl ‘mc Rb‘ssdqhmf ne Rsqhmfr) Ogxr- Qdu- Kdss- 022’14() 1405.0 ’1.13()
cnh90.-00.2�OgxrQduKdss-022-1405.0) 35v7pv3778-

>316[ B- Bgdtmf) @- Ghkkl_m _mc F- M- Qdlldm) Tmhptdmdrr bqhsdqh‘ enq sgd Uhq‘rnqn,Rg‘ohqn
‘lokhstcd) Ogxr- Qdu- C 000’7() .75.23 ’1.14() cnh90.-00.2�OgxrQduC-000-.75.23)
35vepvtt73-

>317[ I- Rsnts) Hm“mhsd Chrs‘mbdr ‘mc E‘bsnqhy‘shnm) _qWhu Oqdoqhms ’1.11() 33vepve555-

>318[ G- Nnftqh _mc B- U_e_) Nm sgd Fdnldsqx ne sgd Rsqhmf K‘mcrb‘od ‘mc sgd Rv‘lo,
k‘mc) Mtbk- Ogxr- A 655) 10 ’1..6() cnh90.-0.05�i-mtbkogxra-1..5-0.-.22)
gd1h/g6v7v8375-

>32.[ M- Bqhahnqh) C- Ktrs _mc B- Lnmsdkk_) Rodbhdr dmsqnox ‘mc sgdqlncxm‘lhbr) IGDO 0.)
.48 ’1.12() cnh90.-0..6�IGDO0.’1.12(.48) 3tv8pov5en-

>320[ L- Lnmsdqn) B- U_e_ _mc H- U_kdmytdk_) Sgd c‘qj chldmrhnm ‘mc sgd Rv‘lok‘mc) IGDO
.1) .11 ’1.12() cnh90.-0..6�IGDO.1’1.12(.11) 33v8po33nt-
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>321[ I- LbM_l_q_ _mc B- U_e_) A‘ax Tmhudqrdr) Gnknfq‘ogx) ‘mc sgd Rv‘lok‘mc) _qWhu
Oqdoqhms ’1.1.() 3vv5pv7ste-

>322[ B- U_e_) Rv‘lok‘mchrg Tmh“b‘shnm ne sgd C‘qj Rdbsnq) _qWhu Oqdoqhms ’1.13()
35v3pvvneo-

>323[ D- Vhssdm) Rsqhmf sgdnqx cxm‘lhbr hm u‘qhntr chldmrhnmr) Mtbk- Ogxr- A 332) 74 ’0884()
cnh90.-01.0�8670371157626,21) gd1h/g6n8vto35-

>324[ L- I- Ctee) Rtodqldlaq‘mdr) Hm Sgdnqdshb‘k ?cu‘mbdc Rstcx Hmrshstsd hm Dkdldms‘qx
O‘qshbkd Ogxrhbr ’S?RH 85(9 Ehdkcr) Rsqhmfr) ‘mc Ct‘khsx ’0885() gd1h/g6n7oo3vt-

>325[ C- I- Fqnrr _mc O- E- Ldmcd) Rsqhmf Sgdnqx Adxnmc sgd Ok‘mbj Rb‘kd) Mtbk- Ogxr- A 2.2)
3.6 ’0877() cnh90.-0.05�.44.,2102’77(8.28.,1-

>326[ C- I- Fqnrr _mc O- E- Ldmcd) Sgd Ghfg,Dmdqfx Adg‘uhnq ne Rsqhmf Rb‘ssdqhmf ?lokhstcdr)
Ogxr- Kdss- A 086) 018 ’0876() cnh90.-0.05�.26.,1582’76(8.244,7-

>327[ O- E- Ldmcd _mc G- Nnftqh) Anqdk Rtll‘shnm ne Rsqhmf Sgdnqx enq Ok‘mbj Rb‘kd Rb‘ssdqhmf)
Mtbk- Ogxr- A 228) 530 ’088.() cnh90.-0.05�.44.,2102’8.(8.1.1,N-

>328[ @- Rsqnlhmfdq _mc B- U_e_) Lhbqnrbnohb nqhfhm ne sgd Adjdmrsdhm,G‘vjhmf dmsqnox) Ogxr-
Kdss- A 268) 88 ’0885() cnh90.-0.05�.26.,1582’85(..234,.) gd1h/g6n7vov3n-

>33.[ B- @mfdk_msnmi) H- Eknq_jhr _mc F- Kdnmd) S‘bgxnmr ‘mc lhr‘khfmdc rtodqrxlld,
sqx hm bknrdc rsqhmf u‘bt‘) IGDO .5) 063 ’1.12() cnh90.-0..6�IGDO.5’1.12(063)
3tvopotsv3-

>330[ G- Nnftqh _mc X- V_mf) Tmhudqr‘k antmcr nm BES Chrs‘mbd Bnmidbstqd) IGDO 01) 043
’1.13() cnh90.-0..6�IGDO01’1.13(043) 35v8pvv7s5-

>331[ D- Vhssdm) ? mdv oqnne ne sgd onrhshud dmdqfx sgdnqdl) Bnlltmhb_shnmr hm L_sgdl_shb_k
Ogxrhbr 7.’2() 270 ’0870(-

>332[ S- A_mjr _mc V- Ehrbgkdq) L sgdnqx nardqu‘akdr enq bnrlnknfhb‘k ro‘bd,shldr) _qWhu Oqdoqhms
’1..0() gd1h/g6vov3vss-

>333[ K- Cxrnm) I- Khmcdr_x _mc K- Rtrrjhmc) Hr sgdqd qd‘kkx ‘ cd Rhssdq+BES ct‘khsx:) IGDO .7)
.34 ’1..1() cnh90.-0.77�0015,56.7�1..1�.7�.34) gd1h/g6v3v3o7t-

>334[ F- Cu_kh) B- Fnldy _mc R- Ydkk) Pt‘mstl Aqd‘j,Shld ne cd Rhssdq) IB@O .5) .17 ’1.06()
cnh90.-0.77�0364,6405�1.06�.5�.17) osvopvess7-

>335[ @- Adcqnx_) Gnknfq‘oghb nqhfhm ne SBB ‘mc sgd chrs‘mbd bnmidbstqd) IGDO .5) .05 ’1.13()
cnh90.-0..6�IGDO.5’1.13(.05) 33oopvno3e-

>336[ D- Vhssdm) ?kfdaq‘r) qdfhnmr) ‘mc nardqudqr-) Oqnb- Rxlo- Otqd L_sg- 0.6) 136 ’1.13()
cnh90.-0.8.�orotl�0.6�.0843) 3tvtpv3ets-

>337[ D- Vhssdm) ? a‘bjfqntmc,hmcdodmcdms ‘kfdaq‘ hm pt‘mstl fq‘uhsx) IGDO .2) .66 ’1.13()
cnh90.-0..6�IGDO.2’1.13(.66) 3tvepvt77t-

>338[ S- A_mjr) †Nardqu‘akdr† hm cd Rhssdq Pt‘mstl Fq‘uhsx9 hm Odqstqa‘shnm Sgdnqx ‘mc Adxnmc)
_qWhu Oqdoqhms ’1.13() 35v8pvosst-

>34.[ M- @qj_mh,G_ldc) R- Ctanurjx) @- Mhbnkhr _mc F- Uhkk_cnqn) Pt‘mstl Gnqhynmr
ne sgd Rs‘mc‘qc Lncdk K‘mcrb‘od) IGDO .5) .67 ’1..6() cnh90.-0.77�0015,
56.7�1..6�.5�.67) gd1h/g6vsvtv7s-
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>340[ D- Fnmy_kn) K- D- Ha_̀m̂dy _mc H- U_kdmytdk_) Rv‘lok‘mc bnmrsq‘hmsr nm mdtsqhmn l‘rrdr)
IGDO .1) .77 ’1.11() cnh90.-0..6�IGDO.1’1.11(.77) 3ovnpovn7o-

>341[ L- Budshb̈) I- G_kudqrnm) K- Khm) L- Kht _mc I- Sh_m) Pt‘cqhkkhnm E,Sgdnqx Bnlo‘bsh“b‘,
shnmr vhsg sgd Dw‘bs Bghq‘k Rodbsqtl ne sgd Rs‘mc‘qc Lncdk) Ogxr- Qdu- Kdss- 012’0.()
0.05.0 ’1.08() cnh90.-00.2�OgxrQduKdss-012-0.05.0) onvtpvvvvn-

>342[ B- @mfdk_msnmi _mc @- R_fmnssh) Nodm rsqhmfr) Ogxr- Qdos- 260) 0 ’1..1()
cnh90.-0.05�R.26.,0462’.1(..162,8) >Dqq_stl9 Ogxr-Qdos- 265) 3.6 ’1..2([)
gd1h/g6v3v5ven-

>343[ I- L- L_kc_bdm_ _mc G- Nnftqh) Rsqhmfr hm ?cR’2( ‘mc RK’1)Q( VYV lncdk 0-9 Sgd Rodb,
sqtl) I- L_sg- Ogxr- 31) 1818 ’1..0() cnh90.-0.52�0-0266162) gd1h/g6vvvov8t-

>344[ A- Rtmcanqf) Rsqhmfx fq‘uhsx) hmsdq‘bshmf sdmrhnmkdrr rsqhmfr ‘mc l‘rrkdrr ghfgdq rohmr)
Mtbk- Ogxr- A Oqnb- Rtook- 0.1) 002 ’1..0() cnh90.-0.05�R.81.,4521’.0(.0434,5)
gd1h/g6vovt35s-

>345[ L- Q- F_adqchdk) Q- Fno_jtl_q _mc B- Gtkk) Rsqhmfx ?cR2 eqnl sgd vnqkcrgdds) IGDO
.6) .8. ’1.06() cnh90.-0..6�IGDO.6’1.06(.8.) osv5pve778-

>346[ K- Dadqg_qcs) O‘qshshnm etmbshnmr ne sgd sdmrhnmkdrr rsqhmf) IGDO .2) 065 ’1.10()
cnh90.-0..6�IGDO.2’1.10(065) 3vvepvs8tt-

>347[ K- Dadqg_qcs) Rtllhmf nudq Fdnldsqhdr hm Rsqhmf Sgdnqx) IGDO .4) 122 ’1.10()
cnh90.-0..6�IGDO.4’1.10(122) 3ov3po3t88-

>348[ R- Cdltkcdq) R- Cqhdydm) A- Jmhfgsnm) F- Nkhmf) @- K- Qdsnqd) E- J- Rdhankc) @- Renmcqhmh
_mc Y- X_m) Dw‘bs ‘ooqn‘bgdr nm sgd rsqhmf vnqkcrgdds) I- Ogxr- @ 46’31() 312..0 ’1.13()
cnh90.-0.77�0640,7010�_c61ad) 3to3po3ntv-

>35.[ M- @qj_mh,G_ldc) G- Eqnrs) F- R_ku_snqh) O-,F- Ok_lnmcnm _mc G- Sgnl_r) ?kk knno rb‘s,
sdqhmf ‘r ‘ bntmshmf oqnakdl) IGDO .7) 083 ’1.14() cnh90.-0..6�IGDO.7’1.14(083)
3tvnpo8not-

>350[ B- Rbgtadqs) Odqstqa‘shud pt‘mstl “dkc sgdnqx hm sgd rsqhmf hmrohqdc enql‘khrl) Ogxr-
Qdos- 244) 62 ’1..0() cnh90.-0.05�R.26.,0462’.0(...02,7) gd1h/g6vovovt7-

>351[ Q- Anmdyyh) @- Ldxdq _mc H- R_bgr) Dhmrsdhm fq‘uhsx eqnl sgd M + 3 rohmmhmf o‘qshbkd)
IGDO 0.) .14 ’1.07() cnh90.-0..6�IGDO0.’1.07(.14) oevspvsnen-

>352[ Q- Anmdyyh) @- Ldxdq _mc H- R_bgr) ? Vnqkckhmd Sgdnqx enq Rtodqfq‘uhsx) IGDO .5) 0.2
’1.1.() cnh90.-0..6�IGDO.5’1.1.(0.2) 3vv5pv7o3n-

>353[ Q- Anmdyyh) X‘mf,Lhkkr sgdnqx eqnl sgd vnqkckhmd) Ogxr- Qdu- C 00.’5() .54.11 ’1.13()
cnh90.-00.2�OgxrQduC-00.-.54.11) 35v7ponv58-

>354[ R- @adk _mc M- @- Cnmch) TU Bnlokdshnm nm sgd Vnqkckhmd) IGDO .6) .8. ’1.08()
cnh90.-0..6�IGDO.6’1.08(.8.) onv8pv538e-

>355[ B- F- B_kk_m) Iq- _mc K- Sgnqk_bhtr) RHFL? LNCDKR ?MC RSQHMF SGDNQX) Hm Sgdnqdshb‘k
?cu‘mbdc Rstcx Hmrshstsd hm Dkdldms‘qx O‘qshbkd Ogxrhbr9 O‘qshbkdr) Rsqhmfr ‘mc Rtodqmnu‘d
’S?RH 66( ’0878(-

>356[ K- @ku_qdy,F_tld _mc L- @- U_yptdy,Lnyn) ?mnl‘khdr ‘mc sgd Fqddm,Rbgv‘qy Ldbg‘,
mhrl) oo- 0fl33) Roqhmfdq M_stqd Rhmf_onqd) Rhmf_onqd) cnh90.-0..6�867,870,08,2.68,
8Z57,0 ’1.12() 33oopv757s-
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>357[ D- Vhssdm) Rtodqrsqhmf Odqstqa‘shnm Sgdnqx Qduhrhsdc) _qWhu Oqdoqhms ’1.01() o3vnp857o-

>358[ K- Dadqg_qcs _mc R- Lhydq_) Du‘kt‘shmf nmd,knno rsqhmf ‘lokhstcdr) RbhOnrs Ogxr- 04’2()
008 ’1.12() cnh90.-10357�RbhOnrsOgxr-04-2-008) 3tv3po3stt-

>36.[ K- Dadqg_qcs _mc R- Lhydq_) Knqdmsyh‘m bnmsntqr enq sqdd,kdudk rsqhmf ‘lokhstcdr) RbhOnrs
Ogxr- 06) .67 ’1.13() cnh90.-10357�RbhOnrsOgxr-06-2-.67) 35vtpvsv8o-

>360[ S- V- Fqhll) S‘lhmf sgd k‘mcrb‘od ne deedbshud sgdnqhdr) IGDO 00) ..2 ’1.11()
cnh90.-0..6�IGDO00’1.11(..2) 3oo3pvetet-

>361[ Q- O- Edxml_m) Edxml‘m kdbstqdr nm fq‘uhs‘shnm) BQB Oqdrr) HRAM 867,.,318,4.174,8)
cnh90.-01.0�867.3184.1748 ’0885(-

>362[ B- L_qjnt _mc D- Rjunqsrnu) ?m dwbtqrhnm hmsn sgd rsqhmf rodbsqtl) IGDO 01) .44 ’1.12()
cnh90.-0..6�IGDO01’1.12(.44) 3tvnpo8nee-

>363[ S- A_rhkd _mc B- L_qjnt) Nm sgd cddo rtodqrsqhmf rodbsqtl) IGDO .6) 073 ’1.13()
cnh90.-0..6�IGDO.6’1.13(073) 35v8poe57s-

>364[ C- Eqhdc_m) D- I- L_qshmdb _mc R- G- Rgdmjdq) Bnmenql‘k hmu‘qh‘mbd) rtodqrxlldsqx ‘mc
rsqhmf sgdnqx) Mtbk- Ogxr- A 160) 82 ’0875() cnh90.-0.05�R.44.,2102’75(7...5,1-

>365[ I- J_hch) I- O_qq_,L_qshmdy) X- S_bghj_v_ _mc v- _- l- _- a- @- Cdaq_x) Snon,
knfhb‘k Rtodqbnmctbsnqr nm Rtodqrsqhmf Vnqkcrgddsr) RbhOnrs Ogxr- 8) 0. ’1.1.()
cnh90.-10357�RbhOnrsOgxr-8-0-.0.) onoopoosev-

>366[ X- S_bghj_v_ _mc L- X_l_rghs_) Snonknfhb‘k Lnctk‘q Enqlr ‘mc sgd ?ardmbd
ne ?kk Gdsdqnshb Fkna‘k ?mnl‘khdr) Bnlltm- L_sg- Ogxr- 3.1’1() 0474 ’1.12()
cnh90.-0..6�r..11.,.12,.3650,1) >Dqq_stl9 Bnlltm-L_sg-Ogxr- 3.1) 1020
’1.12([) 3ovepot853-

>367[ @- M- Rbgdkkdjdmr _mc M- O- V_qmdq) ?mnl‘khdr) Bg‘q‘bsdqr ‘mc Rsqhmfr) Mtbk- Ogxr- A
176) 206 ’0876() cnh90.-0.05�.44.,2102’76(8.0.7,7-

>368[ I- Onkbghmrjh) E‘bsnqhy‘shnm ne Anrnmhb Rsqhmf ?lokhstcdr) Mtbk- Ogxr- A 2.6) 50 ’0877()
cnh90.-0.05�.44.,2102’77(8.411,5-

>37.[ H- Eknq_jhr _mc I- H- Qhynr) Eqdd Edqlhnmhb Bnmrsqtbshnmr ne Gdsdqnshb Rsqhmfr) oo- 0fl
36) Roqhmfdq M_stqd Rhmf_onqd) Rhmf_onqd) cnh90.-0..6�867,870,08,2.68,8Z001,0
’1.12() 35vspvsvt5-

>370[ S- B_mmdsh) Nm sgd ‘rxlosnshb cdmrhsx ne rs‘sdr hm rnku‘akd lncdkr ne rsqhmfr) IGDO 01)
.32 ’1.13() cnh90.-0..6�IGDO01’1.13(.32) 35v7pve5v8-

>371[ F- Cu_kh) F- E- Fhtchbd) B- Fnldy _mc @- Jdg_fh_r) TU,Bnlokdshnm ax Bk‘rrhb‘khy‘shnm)
IGDO .7) 0.7 ’1.00() cnh90.-0..6�IGDO.7’1.00(0.7) ovovpo5o8-

>372[ K- Rtrrjhmc) Rnld rodbtk‘shnmr ‘ants ak‘bj gnkd dmsqnox hm rsqhmf sgdnqx) _qWhu Oqdoqhms
’0882() gd1h/g6ntvno58-

>373[ F- S- Gnqnvhsy _mc I- Onkbghmrjh) ? Bnqqdronmcdmbd oqhmbhokd enq ak‘bj gnkdr ‘mc rsqhmfr)
Ogxr- Qdu- C 44) 5078 ’0886() cnh90.-00.2�OgxrQduC-44-5078) gd1h/g6n7o3o57-

>374[ @- Adcqnx_) Ghfg dmdqfx rb‘ssdqhmf ‘mc rsqhmf+ak‘bj gnkd sq‘mrhshnm) _qWhu Oqdoqhms
’1.11() 33ooposo73-
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>375[ @- @c_lr) N- CdVnked _mc V- S_xknq) Rsqhmf tmhudqr‘khsx hm sdm chldmrhnmr) Ogxr- Qdu-
Kdss- 0.4) .605.0 ’1.0.() cnh90.-00.2�OgxrQduKdss-0.4-.605.0) ovv7pot83-

>376[ U- Jtl_q) C- Q- Lnqqhrnm _mc V- S_xknq) Fkna‘k ‘rodbsr ne sgd ro‘bd ne 5C M / 0 rtodq,
fq‘uhshdr) IGDO 00) 007 ’1.0.() cnh90.-0..6�IGDO00’1.0.(007) ovvepov73-

>377[ L- Lnmsdqn _mc B- U_e_) Bnanqchrl Bnmidbstqd) ?mnl‘khdr) ‘mc sgd Rsqhmf K‘loonrs
Oqhmbhokd) IGDO .0) .52 ’1.10() cnh90.-0..6�IGDO.0’1.10(.52) 3vvepoos3n-

>378[ @- Adcqnx_) X- G_l_c_) L- Lnmsdqn _mc B- U_e_) Bnlo‘bsmdrr ne aq‘md lnc,
tkh ‘mc sgd Rsqhmf K‘loonrs Oqhmbhokd hm c / 5) IGDO .1) .71 ’1.11()
cnh90.-0..6�IGDO.1’1.11(.71) 3oovpovo8s-

>38.[ G-,B- S_q_yh _mc B- U_e_) Nm Sgd Ehmhsdmdrr ne 5c Rtodqfq‘uhsx K‘mcrb‘od) _qWhu Oqdoqhms
’1.10() 3ov7povetn-

>380[ Q- Chijfq__e) D- O- Udqkhmcd _mc G- K- Udqkhmcd) B/ 0 Bnmenql‘k Ehdkc Sgdnqhdr nm Qhdl‘mm
Rtqe‘bdr) Bnlltm- L_sg- Ogxr- 004) 538 ’0877() cnh90.-0..6�AE.0113021-

>381[ M- Rdhadqf) Nardqu‘shnmr nm sgd Lnctkh Ro‘bd ne Rtodqbnmenql‘k Ehdkc Sgdnqhdr) Mtbk-
Ogxr- A 2.2) 175 ’0877() cnh90.-0.05�.44.,2102’77(8.072,5-

>382[ H- Qtmjdk _mc F- L- S- V_ssr) ? Mnmq‘shnm‘k BES vhsg bdmsq‘k bg‘qfd- 0-) Enqsrbg- Ogxr- 4.)
848 ’1..1() cnh90.-0..1�0410,2867’1..1.8(4.97�8/84899@HC,OQNO848<2-.-BN:1,
") gd1h/g6v3vo3to-

>383[ @- G_m_mx) C- Enqbdkk_ _mc I- Sqnnrs) Sgd Bnu‘qh‘ms odqstqa‘shud rsqhmf rodbsqtl) Mtbk-
Ogxr- A 735) 101 ’1.00() cnh90.-0.05�i-mtbkogxra-1.00-.0-..1) ovvsp3733-

>384[ L- Ak_rybyxj) R- Fqnns Mhaadkhmj) N- Kntj_r _mc R- Q_lnr,R_mbgdy)
Mnm,rtodqrxlldsqhb gdsdqnshb lncdk athkchmf) IGDO 0.) 008 ’1.03()
cnh90.-0..6�IGDO0.’1.03(008) o5vsp7t73-

>385[ L- Ak_rybyxj) R- Fqnns Mhaadkhmj) N- Kntj_r _mc E- Qtdgkd) B‘k‘ah,X‘t bnlo‘bs,
h“b‘shnmr ne mnm,rtodqrxlldsqhb gdsdqnshb rsqhmf sgdnqx) IGDO 0.) 055 ’1.04()
cnh90.-0..6�IGDO0.’1.04(055) o8vspv7o5s-

>386[ H- A_rhkd) I- Lntq_c _mc @- R_fmnssh) Nm Bk‘rrhb‘k Rs‘ahkhsx vhsg Aqnjdm Rtodqrxlldsqx)
IGDO .0) 063 ’1.08() cnh90.-0..6�IGDO.0’1.08(063) oeoopoo55e-

>387[ Q- @msnmdkkh _mc H- A_rhkd) Aq‘md ‘mmhghk‘shnm hm mnm,rtodqrxlldsqhb rsqhmfr) IGDO 00)
.10 ’1.08() cnh90.-0..6�IGDO00’1.08(.10) onvepv5t83-

>388[ S- A_mjr) V- Ehrbgkdq) R- G- Rgdmjdq _mc K- Rtrrjhmc) L sgdnqx ‘r ‘ l‘sqhw lncdk9
? bnmidbstqd) Ogxr- Qdu- C 44) 4001 ’0886() cnh90.-01.0�8670371157626,26)
gd1h/g6n7ovv5t-

>4..[ I- J_hch) Rs‘akd U‘bt‘ enq S‘bgxnmhb Rsqhmfr) Ogxr- Qdu- C 0.2’0.() 0.5.15 ’1.10()
cnh90.-00.2�OgxrQduC-0.2-0.5.15) 3vovpov83o-

>4.0[ H- A_rhkd) @- Cdaq_x) L- Cdkf_cn _mc L- Lnmsdqn) Fkna‘k ‘mnl‘khdr ! anqchrl ne
mnm,rtodqrxlldsqhb rsqhmfr) IGDO .1) .81 ’1.13() cnh90.-0..6�IGDO.1’1.13(.81)
3tovpv7en8-

>4.1[ K- I- Chwnm) I- @- G_qudx) B- U_e_ _mc D- Vhssdm) Rsqhmfr nm Nqahenkcr) Mtbk- Ogxr- A 150)
567 ’0874() cnh90.-0.05�.44.,2102’74(8.482,.-
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>4.2[ Q- Aktldmg_fdm) K- Fnqkhbg) A- Jnqr _mc C- Ktrs) ?rxlldsqhb nqahenkcr) mnmbnllts‘shud
fdnldsqx ‘mc sxod H rsqhmf u‘bt‘) Mtbk- Ogxr- A 471) 33 ’1...() cnh90.-0.05�R.44.,
2102’..(..16.,3) gd1h/g6vvvtv35-

>4.3[ B- @mfdk_msnmi) Q- Aktldmg_fdm _mc L- Q- F_adqchdk) ?rxlldsqhb nqhdmshenkcr)
aq‘md rtodqrxlldsqx aqd‘jhmf ‘mc mnmAOR aq‘mdr) Mtbk- Ogxr- A 478) 434 ’1...()
cnh90.-0.05�R.44.,2102’..(..407,5) gd1h/g6vvv7vtt-

>4.4[ Y- J- A_xj_q_) G-,B- S_q_yh _mc B- U_e_) Mdv Mnm,Rtodqrxlldsqhb S‘bgxnm,Eqdd Rsqhmfr)
_qWhu Oqdoqhms ’1.13() 35v7pvvoe8-

>4.5[ Y- J- A_xj_q_) X- G_l_c_) G-,B- S_q_yh _mc B- U_e_) Nm sgd rsqhmf k‘mcrb‘od vhsgnts
gxodqltkshokdsr) IGDO .3) 010 ’1.13() cnh90.-0..6�IGDO.3’1.13(010) 3tvnpo8o83-

>4.6[ B- @mfdk_msnmi) H- Eknq_jhr) F- Kdnmd _mc C- Odqtfhmh) Mnm,rtodqrxlldsqhb mnm,
s‘bgxnmhb gdsdqnshb u‘bt‘ vhsg qdctbdc q‘mj hm u‘qhntr chldmrhnmr) IGDO 0.) 105 ’1.13()
cnh90.-0..6�IGDO0.’1.13(105) 35vspvn8ns-

>4.7[ C- Mdldrbg_mrjx _mc @- Rdm) Bnmenql‘k Hmu‘qh‘mbd ne Rtodqrxlldsqhb σ Lnc,
dkr nm B‘k‘ah,x‘t L‘mhenkcr) Ogxr- Kdss- A 067) 254 ’0875() cnh90.-0.05�.26.,
1582’75(80283,7-

>4.8[ H- S- I_qchmd _mc B- Pthfkdx) Bnmenql‘k hmu‘qh‘mbd ne ’.) 1( rhfl‘ lncdkr nm B‘k‘ah,X‘t
l‘mhenkcr) IGDO .2) .8. ’1.07() cnh90.-0..6�IGDO.2’1.07(.8.) oevopv5tt7-

>40.[ V-,Y- Edmf) C- Ktrs) N- Rbgknssdqdq) R- Rshdadqfdq _mc S- Q- S_xknq) Ch,
qdbs Oqnctbshnm ne Khfgsdrs Qdffd Qdrnm‘mbdr) Mtbk- Ogxr- A 732) 46. ’1.00()
cnh90.-0.05�i-mtbkogxra-1.0.-0.-.02) ovvsp8385-

>400[ M- Rdhadqf _mc D- Vhssdm) Rsqhmf sgdnqx ‘mc mnmbnllts‘shud fdnldsqx) IGDO .8) .21
’0888() cnh90.-0.77�0015,56.7�0888�.8�.21) gd1h/g6nnveo53-

>401[ C- Fdomdq) Ro‘bd,Shld Rtodqrxlldsqx hm Bnlo‘bsh“dc Rsqhmf Sgdnqx ‘mc Rtodqbnmenql‘k
Lncdkr) Mtbk- Ogxr- A 185) 646 ’0877() cnh90.-0.05�.44.,2102’77(8.286,4-

>402[ L- Q_i_ftqt) @- Rdmftos_ _mc S- Vq_rd) Etkkx rs‘ahkhydc Lhmjnvrjh u‘bt‘ hm sgd
15 K‘mc‘t,Fhmyatqf lncdk) IGDO 0.) .84 ’1.13() cnh90.-0..6�IGDO0.’1.13(.84)
35vspo7s87-

>403[ J- Adbjdq) M- Aq_cx) L- Fq_m̂_) L- Lnqqnr) @- Rdmftos_ _mc P- Xnt) S‘conkd bnmidbstqd
hm mnm,fdnldsqhb a‘bjfqntmcr) IGDO 0.) .10 ’1.13() cnh90.-0..6�IGDO0.’1.13(.10)
35vspo7s8e-

>404[ S- A_mjr _mc M- Rdhadqf) Rxlldsqhdr ‘mc Rsqhmfr hm Ehdkc Sgdnqx ‘mc Fq‘uhsx) Ogxr- Qdu-
C 72) .73.08 ’1.00() cnh90.-00.2�OgxrQduC-72-.73.08) ovoop8o3v-

>405[ A- Gdhcdmqdhbg _mc L- Knshsn) Oqnuhmf sgd Vd‘j Fq‘uhsx Bnmidbstqd hm odq,
stqa‘shud rsqhmf sgdnqx- O‘qs H- Sgd anrnmhb rsqhmf) IGDO .4) 0.1 ’1.14()
cnh90.-0..6�IGDO.4’1.14(0.1) 35vopo555n-

>406[ @- Hpa_k) M- Mdjq_rnu) @- Njntmjnu _mc B- U_e_) Pt‘mstl en‘l ‘mc snonknfhb‘k rsqhmfr)
IGDO .3) .00 ’1..7() cnh90.-0.77�0015,56.7�1..7�.3�.00) gd1h/g6vto3v33-

>407[ @- @- Srdxskhm) Bnmenql‘k ?mnl‘kx hm Svn,Chldmrhnm‘k Rhfl‘ Lncdk nm Btqudc A‘bj,
fqntmc ‘mc Rsqhmfr) Ogxr- Kdss- A 067) 23 ’0875() cnh90.-0.05�.26.,1582’75(8.354,
W-
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>408[ @- @- Srdxskhm) σ Lncdk Vdxk Hmu‘qh‘mbd Bnmchshnmr ‘mc Rsqhmf Dpt‘shnmr ne Lnshnm) Mtbk-
Ogxr- A 183) 272 ’0876() cnh90.-0.05�.44.,2102’76(8.477,7-

>41.[ Q- Anmdyyh) S- Bnchm_ _mc N- Gngl) Ads‘ etmbshnmr enq sgd ct‘khsx,hmu‘qh‘ms rhfl‘ lncdk)
IGDO 0.) 081 ’1.10() cnh90.-0..6�IGDO0.’1.10(081) 3ovtpo8nto-

>410[ F- Btqbh _mc F- O_eetsh) Bnmrhrsdmbx Adsvddm sgd Rsqhmf A‘bjfqntmc Ehdkc Dpt‘shnm ne
Lnshnm ‘mc sgd U‘mhrghmf ne sgd Bnmenql‘k ?mnl‘kx) Mtbk- Ogxr- A 175) 288 ’0876()
cnh90.-0.05�.44.,2102’76(8.336,.-

>411[ @- @- Srdxskhm) Nm rhfl‘ lncdk QF finv) &bdmsq‘k bg‘qfd& ‘bshnm ‘mc Odqdkl‘m&r
dmsqnox) Ogxr- Qdu- C 64) .53.13 ’1..6() cnh90.-00.2�OgxrQduC-64-.53.13)
gd1h/g6v7o33n7-

>412[ F- O_o_cnontknr _mc D- Vhssdm) Rb‘kd ‘mc bnmenql‘k hmu‘qh‘mbd hm 1c σ,
lncdkr) vhsg ‘m ‘ookhb‘shnm sn M / 3 rtodqrxlldsqx) IGDO .2) .45 ’1.14()
cnh90.-0..6�IGDO.2’1.14(.45) 35v5pon837-

>413[ B-,S- Grhdg) X- S_bghj_v_ _mc J- Xnmdjtq_) ?mnl‘kx Hmfinv ‘mc o,Enql F‘tfd Sgdn,
qhdr) Bnlltm- L_sg- Ogxr- 280’1() 384 ’1.11() cnh90.-0..6�r..11.,.11,.3222,v)
3vvtpoo88v-

>414[ L- A- Fqddm _mc O- U_mgnud) Sgd Knv,dmdqfx dwo‘mrhnm ne sgd nmd knno sxod HH rtodq,
rsqhmf ‘lokhstcd) Ogxr- Qdu- C 50) 0.3.00 ’1...() cnh90.-00.2�OgxrQduC-50-0.3.00)
gd1h/g6nnovv87-

>415[ L- A- Fqddm) I- F- Qtrrn _mc O- U_mgnud) ?tsnlnqoghb oqnodqshdr ne knv dm,
dqfx rsqhmf ‘lokhstcdr hm u‘qhntr chldmrhnmr) Ogxr- Qdu- C 70) .75..7 ’1.0.()
cnh90.-00.2�OgxrQduC-70-.75..7) ovvop38t8-

>416[ Q- Aktldmg_fdm) M- Bqhahnqh) @- Fkhfnuhb _mc @- O_q_rjdunontknt) Dldqfdmbd ne Q3,sdqlr
hm L,sgdnqx) IGDO .6) .07 ’1.13() cnh90.-0..6�IGDO.6’1.13(.07) 35v5pvotso-

>417[ G-,B- Jhl) F- Rght _mc B- U_e_) Aq‘mdr ‘mc sgd Rv‘lok‘mc) Ogxr- Qdu- C 0..’5() .55..5
’1.08() cnh90.-00.2�OgxrQduC-0..-.55..5) onv8pve37o-

>418[ C- G_qknv _mc G- Nnftqh) Bnmrsq‘hmsr nm Rxlldsqhdr eqnl Gnknfq‘ogx) Ogxr- Qdu- Kdss-
011’08() 0805.0 ’1.08() cnh90.-00.2�OgxrQduKdss-011-0805.0) oeovpv8tts-

>42.[ C- G_qknv _mc G- Nnftqh) Rxlldsqhdr hm pt‘mstl “dkc sgdnqx ‘mc pt‘mstl fq‘u,
hsx) Bnlltm- L_sg- Ogxr- 272’2() 0558 ’1.10() cnh90.-0..6�r..11.,.10,.3.3.,x)
oeovpv8tte-

>420[ L- Lnmsdqn) F- Rght _mc O- Rnkdq) Sgd Vd‘j Fq‘uhsx Bnmidbstqd hm sgqdd chldmrhnmr) IGDO
0.) 048 ’1.05() cnh90.-0..6�IGDO0.’1.05(048) o7v7pve5te-

>421[ A- Gdhcdmqdhbg) L- Qddbd _mc S- Qtcdkhtr) Duhcdmbd enq ‘ rtak‘sshbd vd‘j fq‘uhsx bnmidb,
stqd) IGDO .7) .14 ’1.06() cnh90.-0..6�IGDO.7’1.06(.14) o7v7pve5ts-

>422[ M- @qj_mh,G_ldc) K- Lnsk) @- Mhbnkhr _mc B- U_e_) Sgd Rsqhmf k‘mcrb‘od) ak‘bj
gnkdr ‘mc fq‘uhsx ‘r sgd vd‘jdrs enqbd) IGDO .5) .5. ’1..6() cnh90.-0.77�0015,
56.7�1..6�.5�.5.) gd1h/g6v7vovvo-

>423[ K- Rtrrjhmc) Sqntakd enq qdlm‘msr) _qWhu Oqdoqhms ’0884() gd1h/g6n8voov7-

>424[ C- G_qknv) A- Gdhcdmqdhbg) L- Qddbd _mc S- Qtcdkhtr) Vd‘j fq‘uhsx bnmidbstqd) Qdu- Lnc-
Ogxr- 84’2() .24..2 ’1.12() cnh90.-00.2�QduLncOgxr-84-.24..2) 33vopvetev-
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>425[ C- Jts_rnu) S- L_w“dkc) H- Ldkmhjnu _mc R- Rdsgh) Bnmrsq‘hmhmf cd Rhs,
sdq Ro‘bd hm Rsqhmf Sgdnqx) Ogxr- Qdu- Kdss- 004’6() .602.4 ’1.04()
cnh90.-00.2�OgxrQduKdss-004-.602.4) o8v5pvvv87-

>426[ I- L- L_kc_bdm_ _mc B- Mtmdy) Rtodqfq‘uhsx cdrbqhoshnm ne “dkc sgdnqhdr nm
btqudc l‘mhenkcr ‘mc ‘ mn fn sgdnqdl) Hms- I- Lnc- Ogxr- @ 05) 711 ’1..0()
cnh90.-0031�R.106640W.0..2826) gd1h/g6vvvsvoe-

>427[ H- A_rhkd _mc R- K_my_) cd Rhssdq hm mnm,rtodqrxlldsqhb rsqhmf sgdnqhdr9 mn,fn sgdnqdlr ‘mc
aq‘md,vnqkcr) IGDO 0.) 0.7 ’1.1.() cnh90.-0..6�IGDO0.’1.1.(0.7) 3vvspots8s-

>428[ R- J_bgqt) Q- J_kknrg) @- C- Khmcd _mc R- O- Sqhudch) Cd Rhssdq u‘bt‘ hm rsqhmf sgdnqx) Ogxr-
Qdu- C 57) .35..4 ’1..2() cnh90.-00.2�OgxrQduC-57-.35..4) gd1h/g6vtvo35v-

>43.[ R- Kṫrs) B- U_e_) L- Vhdrmdq _mc J- Wt) Gnknfq‘ogx ‘mc sgd JJKS rbdm‘qhn) IGDO 0.)
077 ’1.11() cnh90.-0..6�IGDO0.’1.11(077) 33v5pvsoso-

>430[ H- Adm_) L- Fq_m̂_ _mc S- U_m Qhds) Sqtrsvnqsgx cd Rhssdq bnlo‘bsh“b‘shnmr ne rsqhmf sgdnqx9
‘ bnloqdgdmrhud qduhdv) _qWhu Oqdoqhms ’1.12() 3tvtpos7ev-

>431[ S- U_m Qhds _mc F- Ynbb_q_sn) Adfhmmdqr kdbstqdr nm fitw bnlo‘bsh“b‘shnmr ‘mc qdk‘sdc
Rv‘lok‘mc snohbr) Ogxr- Qdos- 0.38) 0 ’1.13() cnh90.-0.05�i-ogxrqdo-1.12-00-..2)
3tv8pvos33-

>432[ K- Lb@kkhrsdq) I- Lnqhsy) Q- M_kkx _mc @- Rbg_bgmdq) B‘mchc‘sd cd Rhssdq u‘bt‘) Ogxr- Qdu-
C 000’7() .75.04 ’1.14() cnh90.-00.2�OgxrQduC-000-.75.04) 35v7pots8o-

>433[ R-,I- Kdd) V- Kdqbgd _mc S- Vdhf_mc) Dldqfdms rsqhmfr) ct‘khsx ‘mc vd‘j bntokhmf
khlhsr enq svn,enql “dkcr) IGDO .1) .85 ’1.11() cnh90.-0..6�IGDO.1’1.11(.85)
onv5pv7t55-

>434[ I- I- Gdbjl_m _mc B- U_e_) Ehmd Stmhmf) Rdptdrsdqhmf) ‘mc sgd Rv‘lok‘mc) Ogxr- Kdss- A
687) 024..3 ’1.08() cnh90.-0.05�i-ogxrkdsa-1.08-024..3) onv8pv7t53-

>435[ C- u_m cd Gdhrsddf) B- U_e_) L- Vhdrmdq _mc C- G- Vt) Rodbhdr rb‘kd hm chudqrd chldmrhnmr)
IGDO .4) 001 ’1.13() cnh90.-0..6�IGDO.4’1.13(001) 3tovpvs3ot-

>436[ M- @ejg_lh,Idcch) G- Bngm) S- G_qsl_m _mc @- S_ichmh) Eqdd o‘qshshnm etmbshnmr ‘mc ‘m
‘udq‘fdc gnknfq‘oghb ct‘khsx) IGDO .0) 02. ’1.10() cnh90.-0..6�IGDO.0’1.10(02.)
3vv7pv5etn-

>437[ R- @adk) J- Q- Chdmdr _mc K- @- Mtsqhb_sh) Mdv mnmqdmnql‘khy‘shnm sgdnqdl eqnl TU+HQ
lhwhmf) Ogxr- Qdu- C 00.’01() 015.10 ’1.13() cnh90.-00.2�OgxrQduC-00.-015.10)
35vspooo7v-

>438[ G- Dqahm) I- L_kc_bdm_ _mc C- Rjkhqnr) Svn,Onhms Rsqhmf ?lokhstcdr) IGDO .6) 028
’1.08() cnh90.-0..6�IGDO.6’1.08(028) onv7pv7v8o-

>44.[ M- @qj_mh,G_ldc) K- Dadqg_qcs) X-,s- Gt_mf _mc R- Lhydq_) Nm tmhs‘qhsx ne sqdd,
kdudk rsqhmf ‘lokhstcdr) IGDO .1) 086 ’1.11() cnh90.-0..6�IGDO.1’1.11(086)
33vopoo8s8-

>440[ S- @c_ln) I- I- L- B_qq_rbn) L- B_qqhkkn,Fnmy_̀kdy) L- Bghnc_qnkh) G- Dku_mf) G- Ing_mr,
rnm) C- N%Bnmmdkk) Q- Qnha_m _mc N- Rbgknssdqdq) Rmnvl‘rr Vghsd O‘odq9 sgd Cntakd
Bnox ‘mc hsr ?ookhb‘shnmr) Hm Rmnvl‘rr 1.10 ’1.11() 33v5pv785s-
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>441[ R- Rshdadqfdq) ? Qdk‘shnm adsvddm Nmd,Knno ?lokhstcdr ne Bknrdc ‘mc Nodm Rsqhmfr ’Nmd,
Knno JKS Qdk‘shnm() _qWhu Oqdoqhms ’1.11() 33o3pv7eo7-

>442[ @- B_rsdkk_mn) @- Gdqq_̀dy _mc K- D- Ha_̀m̂dy) Sgd dldqfdmbd oqnonr‘k hm pt‘mstl fq‘u,
hsx ‘mc sgd rodbhdr rb‘kd) IGDO .5) .36 ’1.12() cnh90.-0..6�IGDO.5’1.12(.36)
33o3pvtnve-

>443[ F- @- A_jdq) RSQHMF ODQSTQA?SHNM SGDNQX) Ogxr- Qdu- Kdss- 50) 0405 ’0877()
cnh90.-00.2�OgxrQduKdss-50-0405-

>444[ C- I- Fqnrr _mc U- Odqhv_k) Rsqhmf Odqstqa‘shnm Sgdnqx Chudqfdr) Ogxr- Qdu- Kdss- 5.) 10.4
’0877() cnh90.-00.2�OgxrQduKdss-5.-10.4-

>445[ C- I- Fqnrr _mc U- Odqhv_k) Fqnrr ‘mc Odqhv‘k Qdokx sn &Rsqhmf Odqstqa‘shnm Sgdnqx-&) Ogxr-
Qdu- Kdss- 50) 0406 ’0877() cnh90.-00.2�OgxrQduKdss-50-0406-

>446[ F- Cu_kh) B- Fnldy) Q- R- Hrdql_mm) C- Kṫrs _mc R- Rshdadqfdq) Ak‘bj gnkd enql‘shnm
‘mc bk‘rrhb‘khy‘shnm hm tksq‘,Ok‘mbjh‘m 1�M rb‘ssdqhmf) Mtbk- Ogxr- A 782) 076 ’1.04()
cnh90.-0.05�i-mtbkogxra-1.04-.1-..3) o5vnps5v8-

>447[ R- @adk _mc J- Q- Chdmdr) B‘kbtk‘shmf sgd Ghffr l‘rr hm rsqhmf sgdnqx) Ogxr- Qdu- C
0.3’01() 015.21 ’1.10() cnh90.-00.2�OgxrQduC-0.3-015.21) 3ov7pv5733-

>448[ R- @adk) J- Q- Chdmdr _mc K- @- Mtsqhb_sh) Qtmmhmf ne f‘tfd bntokhmfr hm rsqhmf sgd,
nqx) Ogxr- Qdu- C 0.6’01() 015.08 ’1.12() cnh90.-00.2�OgxrQduC-0.6-015.08)
3tvtpve8t5-

>45.[ R- V- G_vjhmf) Ak‘bj gnkd dwoknrhnmr) M_stqd 137) 2. ’0863() cnh90.-0.27�137.2._.-

>450[ M- C- Ahqqdkk _mc O- B- V- C_uhdr) Pt‘mstl Ehdkcr hm Btqudc Ro‘bd) B_laqhcfd Lnmn,
fq_ogr nm L_sgdl_shb_k Ogxrhbr- B_laqhcfd Tmhudqrhsx Oqdrr) B_laqhcfd) TJ) HRAM
867,.,410,16747,3) 867,.,410,16747,3) cnh90.-0.06�BAN867.400511521 ’0871(-

>451[ @- E_aaqh _mc I- M_u_qqn,R_k_r) Lncdkhmf ak‘bj gnkd du‘onq‘shnm) Hlodqh_k Bnkkdfd Oqdrr
’1..4(-

>452[ K- Atnmhme_msd) E- Ch Ehkhoon _mc R- Ltjngx_l_) Nm sgd ‘rrtloshnmr kd‘chmf sn sgd
hmenql‘shnm knrr o‘q‘cnw) IGDO 0.) .70 ’1.10() cnh90.-0..6�IGDO0.’1.10(.70)
3ovspv8773-

>453[ Q- L- V_kc) Fdmdq‘k Qdk‘shuhsx) Bghb_fn Tmhu- Oq-) Bghb_fn) TR@)
cnh90.-61.7�bghb_fn�867.11576.262-..0-...0 ’0873(-

>454[ @- @rgsdj_q _mc A- Jqhrgm_m) Hrnk‘sdc ‘mc cxm‘lhb‘k gnqhynmr ‘mc sgdhq ‘ookhb‘shnmr)
Khuhmf Qdu- Qdk- 6) 0. ’1..3() cnh90.-01831�kqq,1..3,0.) 4qh.a6v5vsv53-

>455[ D- Onhrrnm) ? Qdk‘shuhrs&r Snnkjhs9 Sgd L‘sgdl‘shbr ne Ak‘bj,Gnkd Ldbg‘mhbr) B_laqhcfd
Tmhudqrhsx Oqdrr) cnh90.-0.06�BAN867.4005.55.0 ’1..8(-

>456[ R- L- Bgqhrsdmrdm _mc R- @- Etkkhmf) Sq‘bd ?mnl‘khdr ‘mc sgd G‘vjhmf Deedbs) Ogxr- Qdu-
C 04) 1.77 ’0866() cnh90.-00.2�OgxrQduC-04-1.77-

>457[ Q- A_kahmns _mc @- E_aaqh) Sgd Tmqtg U‘bttl ‘mc sgd zHm,U‘bttl† hm Qdhrrmdq,
Mnqcrsqn”l Ro‘bdshld –) Tmhudqrd 0.’0() 07 ’1.13() cnh90.-228.�tmhudqrd0..0..07)
3toopvnn5t-
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>458[ R- V- G_vjhmf) Aqd‘jcnvm ne Oqdchbs‘ahkhsx hm Fq‘uhs‘shnm‘k Bnkk‘ord) Ogxr- Qdu- C 03)
135. ’0865() cnh90.-00.2�OgxrQduC-03-135.-

>46.[ B- A_qbdkn) R- Khadq_sh) R- Rnmdfn _mc L- Uhrrdq) Lhmhl‘k bnmchshnmr enq sgd dwhrsdmbd ne ‘
G‘vjhmf,khjd fitw) Ogxr- Qdu- C 72) .304.0 ’1.00() cnh90.-00.2�OgxrQduC-72-.304.0)
ovoop88nt-

>460[ C- M- O_fd) Hmenql‘shnm hm ak‘bj gnkd q‘ch‘shnm) Ogxr- Qdu- Kdss- 60) 2632 ’0882()
cnh90.-00.2�OgxrQduKdss-60-2632) gd1h/g6ntv7vet-

>461[ C- M- O_fd) Ak‘bj gnkd hmenql‘shnm) Hm 4sg B‘m‘ch‘m Bnmedqdmbd nm Fdmdq‘k Qdk‘shuhsx
‘mc Qdk‘shuhrshb ?rsqnogxrhbr ’4BBFQQ?( ’0882() gd1h/g6ntv8v5v-

>462[ @- @klgdhqh) S- G_qsl_m) I- L_kc_bdm_) D- Rg_fgntkh_m _mc @- S_ichmh) Sgd
dmsqnox ne G‘vjhmf q‘ch‘shnm) Qdu- Lnc- Ogxr- 82’2() .24..1 ’1.10()
cnh90.-00.2�QduLncOgxr-82-.24..1) 3vv7pv7es3-

>463[ I- L- A_qcddm) A- B_qsdq _mc R- V- G_vjhmf) Sgd Entq k‘vr ne ak‘bj gnkd ldbg‘mhbr)
Bnlltm- L_sg- Ogxr- 20) 050 ’0862() cnh90.-0..6�AE.0534631-

>464[ I- C- Adjdmrsdhm) Ak‘bj gnkdr ‘mc sgd rdbnmc k‘v) Kdss- Mtnun Bhl- 3) 626 ’0861()
cnh90.-0..6�AE.1646.18-

>465[ I- C- Adjdmrsdhm) ? Tmhudqr‘k Toodq Antmc nm sgd Dmsqnox sn Dmdqfx Q‘shn enq Antmcdc
Rxrsdlr) Ogxr- Qdu- C 12) 176 ’0870() cnh90.-00.2�OgxrQduC-12-176-

>466[ R- Qxt _mc S- S_j_x_m_fh) Gnknfq‘oghb cdqhu‘shnm ne dms‘mfkdldms dmsqnox eqnl
?cR+BES) Ogxr- Qdu- Kdss- 85) 0705.1 ’1..5() cnh90.-00.2�OgxrQduKdss-85-0705.1)
gd1h/g6v7vtvvo-

>467[ @- Kdvjnvxby _mc I- L_kc_bdm_) Fdmdq‘khydc fq‘uhs‘shnm‘k dmsqnox) IGDO .7) .8.
’1.02() cnh90.-0..6�IGDO.7’1.02(.8.) otv5p5n37-

>468[ I- L- L_kc_bdm_) Sgd K‘qfd M khlhs ne rtodqbnmenql‘k “dkc sgdnqhdr ‘mc rtodqfq‘u,
hsx) @cu- Sgdnq- L_sg- Ogxr- 1) 120 ’0887() cnh90.-320.�@SLO-0887-u1-m1-_0)
gd1h/g6nsoo3vv-

>47.[ F- Odmhmfsnm) Dms‘mfkdldms Vdcfd Qdbnmrsqtbshnm ‘mc sgd Hmenql‘shnm O‘q‘cnw) IGDO
.8) ..1 ’1.1.() cnh90.-0..6�IGDO.8’1.1.(..1) onv8pve388-

>470[ F- Odmhmfsnm) R- G- Rgdmjdq) C- Rs_menqc _mc Y- X_mf) Qdokhb‘ vnqlgnkdr ‘mc sgd ak‘bj
gnkd hmsdqhnq) IGDO .2) 1.4 ’1.11() cnh90.-0..6�IGDO.2’1.11(1.4) onoopoonss-

>471[ @- @klgdhqh) M- Dmfdkg_qcs) C- L_qnke _mc G- L_w“dkc) Sgd dmsqnox ne atkj pt‘mstl
“dkcr ‘mc sgd dms‘mfkdldms vdcfd ne ‘m du‘onq‘shmf ak‘bj gnkd) IGDO 01) .52 ’1.08()
cnh90.-0..6�IGDO01’1.08(.52) onv8pves73-

>472[ @- @klgdhqh) Q- L_g_i_m) I- L_kc_bdm_ _mc X- Yg_n) Sgd O‘fd btqud ne G‘vjhmf q‘ch‘shnm
eqnl rdlhbk‘rrhb‘k fdnldsqx) IGDO .2) 038 ’1.1.() cnh90.-0..6�IGDO.2’1.1.(038)
onvepovnn7-

>473[ @- @klgdhqh) S- G_qsl_m) I- L_kc_bdm_) D- Rg_fgntkh_m _mc @- S_ichmh) Qdokhb‘
Vnqlgnkdr ‘mc sgd Dmsqnox ne G‘vjhmf Q‘ch‘shnm) IGDO .4) .02 ’1.1.()
cnh90.-0..6�IGDO.4’1.1.(.02) onoopo3ttt-

>474[ C- L_qnke _mc G- L_w“dkc) Nardqu‘shnmr ne G‘vjhmf q‘ch‘shnm9 sgd O‘fd btqud ‘mc a‘ax
tmhudqrdr) IGDO .3) 161 ’1.10() cnh90.-0..6�IGDO.3’1.10(161) 3vovpv77v3-
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>475[ F- Cu_kh _mc B- Fnldy) Ak‘bj Gnkd&r Pt‘mstl M,Onqsq‘hs) Enqsrbg- Ogxr- 50) 631 ’1.02()
cnh90.-0..1�oqno-1.02....0) ooo3ptt8n-

>476[ F- Cu_kh _mc B- Fnldy) Ak‘bj Gnkdr ‘r Bqhshb‘k Onhms ne Pt‘mstl Og‘rd Sq‘mrhshnm) Dtq-
Ogxr- I- B 63) 1641 ’1.03() cnh90.-003.�doib�r0..41,.03,1641,2) o3vsp5v8n-

>477[ K- Rtrrjhmc) K- Sgnqk_bhtr _mc I- Tfktl) Sgd Rsqdsbgdc gnqhynm ‘mc ak‘bj gnkd
bnlokdldms‘qhsx) Ogxr- Qdu- C 37) 2632 ’0882() cnh90.-00.2�OgxrQduC-37-2632)
gd1h/g6ntv7v7n-

>478[ L- Uhrrdq) Sgdql‘khsx ne sgd G‘vjhmf fitw) IGDO .6) ..8 ’1.04()
cnh90.-0..6�IGDO.6’1.04(..8) o5vnpss85-

>48.[ F- %s Gnnes) Sgd Rb‘ssdqhmf l‘sqhw ‘ooqn‘bg enq sgd pt‘mstl ak‘bj gnkd9 ?m
Nudquhdv) Hms- I- Lnc- Ogxr- @ 00) 3512 ’0885() cnh90.-0031�R.106640W85..1034)
4qh.a6n7vsv33-

>480[ R- C- L_sgtq) Sgd Etyya‘kk oqnonr‘k enq ak‘bj gnkdr9 ?m Dkdldms‘qx qduhdv) Enqsrbg- Ogxr-
42) 682 ’1..4() cnh90.-0..1�oqno-1..30.1.2) gd1h/g6v8v3v8v-

>481[ R- @- G_xv_qc) Sgd chrhmenql‘shnm oqnakdl enq ak‘bj gnkdr ’ono udqrhnm() _qWhu Oqdoqhms
’1..4() 4qh.a6v8v5vte-

>482[ R- A- Fhcchmfr) Mnmuhnkdms mnmknb‘khsx) Ogxr- Qdu- C 77) .53.12 ’1.02()
cnh90.-00.2�OgxrQduC-77-.53.12) o3oopsvsv-

>483[ R- V- G_vjhmf) Hmenql‘shnm Oqdrdqu‘shnm ‘mc Vd‘sgdq Enqdb‘rshmf enq Ak‘bj Gnkdr) _qWhu
Oqdoqhms ’1.03() o5vop8s7o-

>484[ R- V- G_vjhmf) L- I- Odqqx _mc @- Rsqnlhmfdq) Rnes G‘hq nm Ak‘bj Gnkdr) Ogxr- Qdu- Kdss-
005’12() 1202.0 ’1.05() cnh90.-00.2�OgxrQduKdss-005-1202.0) o7vopvvn3o-

>485[ U- O- Eqnknu) Hmenql‘shnm knrr oqnakdl ‘mc ‘ &ak‘bj gnkdZ lncdk vhsg ‘ bknrdc ‘oo‘qdms
gnqhynm) IGDO .4) .38 ’1.03() cnh90.-0..6�IGDO.4’1.03(.38) o5v3p8557-

>486[ U- O- Eqnknu _mc @- Ydkmhjnu) Pt‘mstl q‘ch‘shnm eqnl ‘m du‘onq‘shmf mnmrhmftk‘q
ak‘bj gnkd) Ogxr- Qdu- C 84’01() 013.17 ’1.06() cnh90.-00.2�OgxrQduC-84-013.17)
osv5pvtv5t-

>487[ I- L- A_qcddm) Ak‘bj gnkd du‘onq‘shnm vhsgnts ‘m dudms gnqhynm) _qWhu Oqdoqhms ’1.03()
o5v7p5vne-

>488[ E- C%@laqnrhn) L- Bgqhrsncntknt) O- L_qshm,Ctrr_tc) B- Qnudkkh _mc E- Rnks_mh)
Dmc ne ‘ ak‘bj gnkd&r du‘onq‘shnm) Ogxr- Qdu- C 0.2’0.() 0.5.03 ’1.10()
cnh90.-00.2�OgxrQduC-0.2-0.5.03) 3vvnpv8vo7-

>5..[ @- @cc_yh ds ‘k-) Pt‘mstl fq‘uhsx ogdmnldmnknfx ‘s sgd c‘vm ne sgd
ltksh,ldrrdmfdq dq‘ˇ? qduhdv) Oqnf- O_qs- Mtbk- Ogxr- 014) 0.2837 ’1.11()
cnh90.-0.05�i-oomo-1.11-0.2837) 3ooopv878n-

>5.0[ Q- @kudr A_shrs_) F- @ldkhmn,B_ldkh_) C- Anmbhnkh) I- L- B_qlnm_) @- ch L_ssdn)
F- Ftahsnrh) H- Knan) M- D- L_uqnl_snr) B- Oedhedq) C- Qtahdq_,F_qbh_) D- M- R_qhc_jhr)
S- Sdqyhb̀ ds ‘k-) Vghsd o‘odq ‘mc qn‘cl‘o enq pt‘mstl fq‘uhsx ogdmnldmnknfx hm sgd
ltksh,ldrrdmfdq dq‘) Bk_rr- Pt_ms- Fq_u- 31’2() .21..0 ’1.14() cnh90.-0.77�0250,
5271�_c5.4_) 3to3pvv5vn-
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>5.1[ R- Anrd) @- L_ytlc_q) F- V- Lnqkdx) G- Tkaqhbgs) L- Snqnr̈) L- O_sdqmnrsqn) @- Fdq_bh)
O- A_qjdq) L- R- Jhl _mc F- Lhkatqm) Rohm Dms‘mfkdldms Vhsmdrr enq Pt‘mstl Fq‘u,
hsx) Ogxr- Qdu- Kdss- 008’13() 13.3.0 ’1.06() cnh90.-00.2�OgxrQduKdss-008-13.3.0)
osvspv7v8v-

>5.2[ B- L_qkdssn _mc U- Udcq_k) Fq‘uhs‘shnm‘kkx,hmctbdc dms‘mfkdldms adsvddm svn l‘rrhud
o‘qshbkdr hr rte“bhdms duhcdmbd ne pt‘mstl deedbsr hm fq‘uhsx) Ogxr- Qdu- Kdss- 008’13()
13.3.1 ’1.06() cnh90.-00.2�OgxrQduKdss-008-13.3.1) osvspv7vt7-

>5.3[ B- Lnmsnmdm _mc C- H- Nkhud) L‘fmdshb Lnmnonkdr ‘r F‘tfd O‘qshbkdr:) Ogxr- Kdss- A 61)
006 ’0866() cnh90.-0.05�.26.,1582’66(8..65,3-

>5.4[ M- Hrgha_rgh) G- J_v_h) X- Jhs_y_v_ _mc @- Srtbghx_) ? K‘qfd M qdctbdc lncdk ‘r
rtodqrsqhmf) Mtbk- Ogxr- A 387) 356 ’0886() cnh90.-0.05�R.44.,2102’86(..18.,2)
gd1h/g6n7o3oo8-

>5.5[ Q- Chijfq__e) D- O- Udqkhmcd _mc G- K- Udqkhmcd) L‘sqhw rsqhmf sgdnqx) Mtbk- Ogxr- A 4..)
32 ’0886() cnh90.-0.05�R.44.,2102’86(..215,W) gd1h/g6nsvtvtv-

>5.6[ I- Adksq_̀m Ihld̀mdy) K- Gdhrdmadqf _mc S- R- Jnhuhrsn) Sgd Fdnldsqhb‘k Sqhmhsx ne Fq‘uhsx)
Tmhudqrd 4’6() 062 ’1.08() cnh90.-228.�tmhudqrd4.6.062) onvtpv7etv-

>5.7[ Q- Odqb_bbh) Snv‘qcr Ldsqhb,?e“md Pt‘mstl Fq‘uhsx) Hms- I- Fdnl- Ldsg- Lnc- Ogxr-
06’rtoo.0() 1.3...2 ’1.1.() cnh90.-0031�R.10877671.3...23) 3vvtpvn5e7-

>5.8[ E- Adyqtjnu) @- L_fmhm) L- Rg_onrgmhjnu _mc R- Rhahqx_jnu) Ghffr hmfi‘shnm9 bnmrhr,
sdmbx ‘mc fdmdq‘khr‘shnmr) IGDO .0) .05 ’1.00() cnh90.-0..6�IGDO.0’1.00(.05)
ovvep8o8s-

>50.[ M- @- Jhudk) @- R- Rsdo_mdmjn _mc @- M- U_rhkhdu) Nm b‘kbtk‘shnm ne ’1�dorhknm( QF etmb,
shnmr hm sgd Fqnrr,Mdudt lncdk eqnl k‘qfd M dwo‘mrhnmr ne bqhshb‘k dwonmdmsr) Mtbk- Ogxr-
A 313) 508 ’0883() cnh90.-0.05�.44.,2102’83(8.300,0) gd1h/g6ntvevst-

>500[ R- L- Bgqhrsdmrdm _mc L- I- Ctee) Pt‘mstl Fq‘uhsx hm Svn � ε Chldmrhnmr) Ogxr- Kdss-
A 68) 102 ’0867() cnh90.-0.05�.26.,1582’67(8.114,2-

>501[ Q- F_rsl_mr) Q- J_kknrg _mc B- Sqte“m) Pt‘mstl Fq‘uhsx Md‘q Svn,Chldmrhnmr) Mtbk-
Ogxr- A 022) 306 ’0867() cnh90.-0.05�.44.,2102’67(8.123,0-

>502[ C- E- Khshl _mc E- R_mmhmn) ?rxlosnshb r‘edsx ft‘q‘msddc) IGDO 01) 067 ’1.03()
cnh90.-0..6�IGDO01’1.03(067) o5v7p3tts-

>503[ @- C- Anmc _mc C- E- Khshl) Lnqd ‘rxlosnshb r‘edsx ft‘q‘msddc) Ogxr- Qdu- C 86’7()
.74..7 ’1.07() cnh90.-00.2�OgxrQduC-86-.74..7) osvspv53os-

>504[ @- C- Anmc _mc C- E- Khshl) ?rxlosnshb r‘edsx ft‘q‘msddc enq rsqnmfkx bntokdc f‘tfd
sgdnqhdr) Ogxr- Qdu- C 0.4’0.() 0.4..4 ’1.11() cnh90.-00.2�OgxrQduC-0.4-0.4..4)
33v3pve33t-

>505[ C- E- Khshl) M- Qhx_y) D- Rs_lnt _mc S- Rsdtcsmdq) ?rxlosnshb r‘edsx ft‘q‘msddc ‘s entq,
knno nqcdq) Ogxr- Qdu- C 0.7’6() .65..5 ’1.12() cnh90.-00.2�OgxrQduC-0.7-.65..5)
3tvspves5s-

>506[ I- Ahdl_mr) @- Ok_s_mh_ _mc E- R_tdqdrrhf) Qdmnql‘khy‘shnm fqnto “wdc onhmsr ne enkh,
‘sdc fq‘uhsx,l‘ssdq rxrsdlr) IGDO .4) .82 ’1.06() cnh90.-0..6�IGDO.4’1.06(.82)
osv3pv78tn-
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>507[ I- K_hgn) R- A_rrkdq) C- Bntlad) C- Ct _mc I- S- Mddk_j_ms_) K‘sshbd Pt‘m,
stl Fq‘uhsx ‘mc ?rxlosnshb R‘edsx) Ogxr- Qdu- C 85’5() .53.04 ’1.06()
cnh90.-00.2�OgxrQduC-85-.53.04) o7v5pv3s58-

>508[ I- Aqtmdjqdde) Q- Knkk _mc @- Fṅqkhbg) Rhltk‘shmf BCS pt‘mstl fq‘uhsx) Bnlots- Ogxr-
Bnlltm- 2..) 0.806. ’1.13() cnh90.-0.05�i-bob-1.13-0.806.) 3tovpo7s55-

>51.[ I-,O- Ak_hyns) I- L- O_vknvrjh _mc T- Qdhmnr_) Etmbshnm‘k qdmnql‘khy‘shnm
fqnto ‘mc 1OH deedbshud ‘bshnm enql‘khrl) @mm_kr Ogxr- 320) 057438 ’1.10()
cnh90.-0.05�i-_no-1.10-057438) 3ov3pot73e-

>510[ L- Fq_m̂_ _mc @- Gdqq_̀dy) Sgd Rv‘lok‘mc Bnmidbstqdr9 ? Aqhcfd eqnl Pt‘mstl Fq‘u,
hsx sn O‘qshbkd Ogxrhbr) Tmhudqrd 6’7() 162 ’1.10() cnh90.-228.�tmhudqrd6.7.162)
3ovspvvves-

>511[ @- B_rsdkk_mn) @- Gdqq_̀dy _mc K- D- Ha_̀m̂dy) HQ+TU lhwhmf) snvdqr ne rodbhdr ‘mc rv‘lo,
k‘mc bnmidbstqdr) IGDO .7) 106 ’1.11() cnh90.-0..6�IGDO.7’1.11(106) 3oo3povsn7-

>512[ H- A_rhkd _mc C- Ktrs) C‘qj Chldmrhnm Vhsg ’Khsskd( Rsqhmfr ?ss‘bgdc) Enqsrbg- Ogxr-
62’3() 13..154 ’1.14() cnh90.-0..1�oqno-1.13..154) 35vnpo33to-

>513[ H- @msnmh_chr) N- K_bnlad _mc F- J- Kdnms_qhr) Hmfi‘shnm md‘q ‘ lds‘rs‘akd cd
Rhssdq u‘bttl eqnl lnctkh rs‘ahkhr‘shnm) Dtq- Ogxr- I- B 7.’00() 0.03 ’1.1.()
cnh90.-003.�doib�r0..41,.1.,.7470,8) 3vvspovt73-

>514[ T- C_mhdkrrnm _mc C- O_mhyn) Dwodqhldms‘k sdrsr ne c‘qj ataakd bnrlnknfx) Ogxr- Qdu- C
0.8’1() .15..2 ’1.13() cnh90.-00.2�OgxrQduC-0.8-.15..2) 3toopo58en-

>515[ R-,I- Kdd) V- Kdqbgd _mc S- Vdhf_mc) Dldqfdms rsqhmfr eqnl hm“mhsd chrs‘mbd khlhsr) IGDO
.1) 08. ’1.11() cnh90.-0..6�IGDO.1’1.11(08.) onovpvoot8-

>516[ M- Rdhadqf) Vgx hr sgd l‘sqhw lncdk bnqqdbs:) Ogxr- Qdu- Kdss- 68) 2466 ’0886()
cnh90.-00.2�OgxrQduKdss-68-2466) gd1h/g6nsovvvn-

>517[ L- L_qhmn) Kdr Gntbgdr kdbstqdr nm mnm,odqstqa‘shud snonknfhb‘k rsqhmfr) _qWhu Oqdoqhms
’1.13() 35oopo73oo-

>518[ I- G_ss_a _mc D- O_ksh) Mnsdr nm hmsdfq‘shmf nts L1 aq‘mdr) Dtq- Ogxr- I- B 74’0() 0.6
’1.14() cnh90.-003.�doib�r0..41,.14,02716,4) 35ovpo8evn-

>52.[ F- Rght) E- Snmhnmh _mc G- U- Sq_m) ?bbdkdq‘shmf tmhudqrd ‘s sgd dmc ne shld) Ogxr- Qdu- C
0.7’5() .52416 ’1.12() cnh90.-00.2�OgxrQduC-0.7-.52416) 3tvtpvt5oe-

>520[ C- @mcqhns) C- Srhlohr _mc S- Vq_rd) ?bbdkdq‘sdc dwo‘mrhnm ne ‘m nodm tmh,
udqrd ‘mc rsqhmf sgdnqx qd‘khy‘shnmr) Ogxr- Qdu- C 0.7’01() 012404 ’1.12()
cnh90.-00.2�OgxrQduC-0.7-012404) 3tvnpvtnte-

>521[ B- A_qbdkn) R- Khadq_sh) R- Rnmdfn _mc L- Uhrrdq) G‘vjhmf,khjd q‘ch‘shnm eqnl
dunkuhmf ak‘bj gnkdr ‘mc bnlo‘bs gnqhynmkdrr naidbsr) IGDO .1) ..2 ’1.00()
cnh90.-0..6�IGDO.1’1.00(..2) ovoop8noo-
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