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Rta,rsptbstpd enplYshnm hm rsYpkdrr bnpdr

B-Snbh)0)1� C-F‘kkh)0)1� @-Udqchmh)0)1 K-CdkY‘mm‘0)1)2 ‘mc R-K‘mch0)1
0Tmhudprhs–‘ cdfkhOstchchEhpdmyd’Uh‘ F-O‘mrnmd 0’H,2..05 Odrsn Ehnpdmshmn’Hs‘kx
1HM9E fl Nrrdpu‘snphn 9rspnzrhbn ch9pbdsph’I‘pfn C-Edplh2’H,2.012 Ehpdmyd’Hs‘kx
2HMEM fl Odyhnmd chEhpdmyd’Uh‘ F-O‘mrnmd 0’H,2..05 Odrsn Ehnpdmshmn’Hs‘kx

@bbdosdc 1/06 Nbsnadq13-Qdbdhudc 1/06 Nbsnadq13:hm nqhfhm‘kenql 1/06 @tftrs7

:AR SP:BS
Lnshu‘sdc ax qdbdmsnardqu‘shnm‘krd‘qbgdr nerta,rsqtbstqd hm rs‘qkdrr lnkdbtk‘qbkntc bnqdr)
vd hmudrshf‘sd sgd dunktshnm necdmrhsx odqstqa‘shnmr nm rb‘kdr rl‘kkdqsg‘m sgd Id‘mr kdmfsg
dladccdc hm bnmsq‘bshmf hrnsgdql‘kbkntcr)‘cnoshmf sgd r‘ld enql‘khrl cdudknodc enqsgd
dwo‘mchmf Tmhudqrd ‘mc sgd rnk‘qvhmc-Vd zmc sg‘shmhsh‘kkx rl‘kk‘lokhstcd)Id‘mr,rs‘akd
odqstqa‘shnmr ’oqno‘f‘shmf ‘r rntmc v‘udr hm sgd ‘ardmbd ne‘ l‘fmdshb zdkc(‘qd ‘lokhzdc
‘ch‘a‘shb‘kkx ctqhmf sgd bnmsq‘bshnm)‘ooqnwhl‘sdkx bnmrdquhmf sgd v‘ud ‘bshnm cdmrhsx)tmshk
sgdx dhsgdqadbnld mnm,khmd‘q‘mc rsddodm hmsn rgnbjr ‘s‘ shld smk)nqadbnld fq‘uhs‘shnm‘kkx
tmrs‘akd vgdm sgd Id‘mr kdmfsg cdbqd‘rdr adknv sgd rb‘kd nesgd odqstqa‘shnmr ‘s‘ shld sfq-Vd
du‘kt‘sd ‘m‘kxshb‘kkx sgd shld smk ‘svghbg sgd odqstqa‘shnmr dmsdqsgd mnm,khmd‘qrs‘fd trhmf ‘
Atqfdqr&dpt‘shnm ‘ooqn‘bg)‘mc vd udqhex mtldqhb‘kkx sg‘ssghr shld l‘qjr sgd adfhmmhmf ne
sgd og‘rd ne q‘ohc chrrho‘shnm ne sgd jhmdshb dmdqfx ne sgd odqstqa‘shnmr-Vd sgdm rgnv sg‘s
enq sxohb‘ku‘ktdr ne sgd qlr L‘bg mtladq hm lnkdbtk‘q bkntc bnqdr)smk hr rl‘kkdq sg‘m sfq)
‘mc sgdqdenqd cdmrhsx odqstqa‘shnmr khjdkx chrrho‘sd adenqd adbnlhmf fq‘uhs‘shnm‘ktmrs‘akd-
Rnkdmnhc‘klncdr fqnv ‘s‘ e‘rsdqq‘sd sg‘m bnloqdrrhakd lncdr)‘mc l‘x dudmst‘kkx oqnlnsd
eq‘fldms‘shnm sgqntfg sgd enql‘shnm neunqshb‘krsqtbstqdr-

Idx unpcr7 gxcqncxm‘lhbr fl HRL9bkntcr fl HRL9jhmdl‘shbr ‘mc cxm‘lhbr-

. HM S PN C T B S HN M

Sgd fqnvsg nerl‘kk,rb‘kd cdmrhsx odqstqa‘shnmr ctqhmf sgd bnkk‘ord
ne‘m hmsdqrsdkk‘qbkntc g‘r addm sgd rtaidbsnel‘mx rstchdr ‘hldc
‘stmcdqrs‘mchmf sgd enql‘shnm nersdkk‘qbktrsdqr ‘mc ltkshokd rsdk,
k‘q rxrsdl ax sgd oqnbdrr ne eq‘fldms‘shnm)m‘ldkx sgd aqd‘j,to
ne‘ k‘qfd bkntc hmsn bktlor)bnqdr ‘mc rsdkk‘qbktrsdqr-Vghkd d‘qkx
rstchdr ’Gtmsdq0851)0853:Ldrsdk0854‘)a(enbtrdc nm sgd fqnvsg
nehmhsh‘kkx Id‘mr,tmrs‘akd odqstqa‘shnmr)Sngkhmd ’087/(hmsqnctbdc
sgd bnmbdosne]cdk‘xdc eq‘fldms‘shnm&)‘r sgd nmrdsnefq‘uhs‘shnm‘k
hmrs‘ahkhsx b‘m nbbtqnmkx ‘esdqsgd ld‘m cdmrhsx nesgd bkntc ’‘r,
rtldc sn ad hm eqdd,e‘kkbnkk‘ord(g‘r fqnvm rhfmhzb‘mskx)‘mc sgd
hmrs‘ms‘mdntr u‘ktd ne sgd Id‘mr kdmfsg g‘r adbnld rl‘kkdq sg‘m
sgd rb‘kd nesgd odqstqadc qdfhnm-Sngkhmd ’087/(‘qftdc sg‘shm sghr
b‘rd sgd shld mddcdc enq ‘ rhfmhzb‘ms‘lokhzb‘shnm ne sgd odqstq,
a‘shnmr vntkc ad k‘qfdq sg‘m sgd shld sgd o‘qdmsbkntc g‘r kdeshm
hsr dunktshnm)‘mc onhmsdc ntssgd qnkd nesgd bnmudqfhmf lnshnm ne
sgd f‘r)hm ‘ksdqm‘shud sn rdke,fq‘uhsx)‘r ‘ ld‘mr sn ‘lokhex rl‘kk,
rb‘kd cdmrhsx odqstqa‘shnmr sg‘s‘qd hmhsh‘kkx Id‘mr,rs‘akd-Sgd e‘sd
nesgdrd hmhsh‘kkx Id‘mr,rs‘akd odqstqa‘shnmr v‘r hmudrshf‘sdc mtldq,
hb‘kkx hm bnkk‘ord rhltk‘shnmr ax Qnyxbyj‘ ’0872()vgn entmc sgdl
rtaidbssn dezbhdmsc‘lohmf vdkkadenqd qd‘bghmf sgd sgqdrgnkc enq

> D,l‘hk9bk‘tch‘;‘qbdsqh-‘rsqn-hs’BS(:f‘kkh;‘qbdsqh-‘rsqn-hs’CF(

fq‘uhs‘shnm‘khmrs‘ahkhsx)‘mc sgdqdenqd tm‘akd sn enql vdkk,cdzmdc
eq‘fldmsr-Etqsgdqlnqd)hm ghr rhltk‘shnmr Qnyxbyj‘ ’0872( na,
rdqudc sgd enql‘shnm neknb‘kbnmbdmsq‘shnmr ne‘mftk‘qlnldmstl
’onrrhakx ‘r sgd qdrtksneshc‘khmsdq‘bshnmr(dudm hm sgd bnkk‘ord ne
hmhsh‘kkx mnm,qns‘shmf bkntcr-Vgdsgdqsgdrd knb‘kdmg‘mbdldmsr ne
unqshbhsx vntkc stqm sgdlrdkudr hmsn stqatkdmsdcchdr)‘r nqhfhm‘kkx
rtffdrsdc ax K‘xydq ’0852()nq dudmst‘kkx dunkud sn qns‘shnm‘kkx
rtoonqsdc chrb,khjd rsqtbstqdr) ‘r rtffdrsdc)enq dw‘lokd)ax sgd
rhltk‘shnmr ax Fnncvhm)Vghsvnqsg � V‘qc,Sgnlornm ’1//3()
g‘r qdl‘hmdc tmbkd‘q-
Qdbdmskx)‘m nqhfhm‘k‘ooqn‘bg sn sgd oqnakdl nesgd fqnvsg ne

cdmrhsx odqstqa‘shnmr dladccdc hm ‘ bnkk‘orhmf bkntc v‘r ‘cnosdc
ax Sn‘k–‘ ds‘k-’1/04()vgn enqltk‘sdc sgd oqnakdl hm sgd eq‘ld,
vnqj ne‘m hmudprd Gtaakd finv)h-d-sgd fq‘uhs‘shnm‘kbnkk‘ord ne‘
rogdqhb‘koqdrrtqdkdrr bkntc)dwoknhshmf sgd ‘m‘kxshb‘ksnnkr cdudk,
nodc hm bnrlnknfx enqsgd dwo‘mchmf Tmhudqrd-0 Sn‘k–‘ ds‘k-’1/04(
entmc sg‘ssgd fq‘uhs‘shnm‘khmrs‘ahkhsx nbbtqr e‘rsdqhm hmudqrd Gta,
akd finvr sg‘m hm ‘ rs‘shb bkntc)‘mc onrstk‘sdc sg‘sfqnvhmf)tmrs‘akd
odqstqa‘shnmr nm rb‘kdr k‘qfdqsg‘m sgd Id‘mr kdmfsg θI bnkk‘ord vgdm
sgdx qd‘bg sgd mnm,khmd‘q rs‘fd)h-d-‘s‘ shld smk hcdmshzdc ax sgd
bnmchshnm γξ<ξ ∼ 0-Hm hmudqrd Gtaakd finvr)smk hr ‘kv‘xr rl‘kkdq

0 Hm bnrlnknfx)sghr rnktshnm bnqqdronmcr sn sgd Kdl‘hsqdflSnkl‘m dkkhoshb
’i + ∞0(rnktshnm neDhmrsdhm&r dpt‘shnmr enq‘ ]ctrs&Tmhudqrd

B⊙ 1/06 Sgd @tsgnq’r(
Otakhrgdc ax Nwenqc Tmhudqrhsx Oqdrr nm adg‘kenesgd Qnx‘k@rsqnmnlhb‘kRnbhdsx
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Ota,rsptbstpd enpl‘shnm hm rs‘pkdrr bnpdr 0178

sg‘m sgd eqdd,e‘kkshld see nesgd bkntc)‘mc ‘ooqn‘bgdr sgd k‘ssdqhm
sgd khlhsnehmhsh‘kkx rl‘kk‘lokhstcd nesgd odqstqa‘shnmr-
Vghkd Sn‘k–‘ ds‘k-’1/04(rstchdc sgd dunktshnm neId‘mr,tmrs‘akd

odqstqa‘shnmr hm ‘ bkntc bnms‘hmhmf ‘ k‘qfd mtladqneId‘mr l‘rrdr)
hm sghr vnqj)vd bnmrhcdqlnkdbtk‘qbkntc bnqdr bnms‘hmhmf nmkx ‘
edv Id‘mr l‘rrdr)‘mc enbtr nm sgd dunktshnm neId‘mr,rs‘akd cdmrhsx
odqstqa‘shnmr)sg‘shmhsh‘kkx nrbhkk‘sd ‘r ‘ bnkkdbshnm nerntmc v‘udr
nerl‘kk‘lokhstcd-Sghr hr itrshzdc ax sgd nardqu‘shnm‘kqdrtkssg‘s
mnm,sgdql‘klnshnmr hm cdmrd bnqdr ‘qd fdmdq‘kkx rtarnmhb ’Lxdqr
0872(- Hm sgd b‘rd ne rs‘qkdrr bnqdr) hs g‘r addm rtffdrsdc sg‘s
rtarnmhb lnshnmr ’]stqatkdmbd&(l‘x ad enqlhmf sgd rddcr neltk,
shokd rhsdr ne rs‘q enql‘shnm ’Ehrgdq 1//3)Fnncvhm ds ‘k- 1//3)
Fnncvhm ds ‘k- 1//6() ats rb‘qbd duhcdmbd g‘r addm entmc xds
enq rta,rsqtbstqd enql‘shnm hm sgdrd naidbsr ’Rbgmdd ds ‘k-1/01)
Ctmg‘l ds‘k-1/05(-Enqdw‘lokd)Rbgmdd ds‘k-’1/01(dw‘lhmdc
entq]rtodq,Id‘mr& rs‘qkdrr bnqdr nel‘rrdr 2fl7L× zmchmf toodq
khlhsr nm sgd l‘rrdr ne ‘mx dladccdc eq‘fldms cnvm sn ‘ edv
sgntr‘mcsgr ne rnk‘ql‘rr-Nmkx qdbdmskx rnld duhcdmbd ne bnl,
o‘bsrta,rsqtbstqd g‘r addm entmc hm nmd rs‘qkdrr bnqd hm Noghtbgtr
’Jhqj ds‘k-1/06(‘mc hm sgd Nqhnm Lnkdbtk‘qBkntc 0 Rntsg ’O‘k‘t
ds‘k-1/06(-Hm ‘mx b‘rd)sgd oqnbdrrdr cdsdqlhmhmf sgd enql‘shnm
neltkshokd oqnsnrsdkk‘qrddcr ‘ssgdrd rb‘kdr qdl‘hm tmbkd‘q-
Sn ‘ccqdrr sgd oqnakdl nerta,rsqtbstqd enql‘shnm hm bkntc bnqdr)

hm sghr o‘odq)vdhmudrshf‘sd sgd dunktshnm necdmrhsx ‘mc udknbhsx odq,
stqa‘shnmr dladccdc hm ‘ bnmsq‘bshmf ldchtl ’sgd ]a‘bjfqntmc&nq
]o‘qdmsbkntc&(tmcdqfnhmf hrnsqnohb nq‘mhrnsqnohb bnkk‘ord-Ehqrs)
vd enqltk‘sd ‘ sgdnqdshb‘k eq‘ldvnqj sn rstcx bnmsq‘bshmf finvr
a‘rdc nm ldsgncr cdudknodc hm bnrlnknfx enqsgd dwo‘mchmf Tmh,
udqrd ’rdd d-f-Oddakdr 087/(‘mc hm sgd rstcx nesgd dwo‘mchmf rnk‘q
vhmc ’Fq‘oohm)Udkkh� L‘mfdmdx 0882:Fq‘oohm � Udkkh 0885:
Sdmdq‘mh� Udkkh1/02:Cnmf)Udqchmh� Fq‘oohm 1/03:Udqchmh�
Fq‘oohm 1/04(-Hm sghr eq‘ldvnqj)vd rstcx ‘m‘kxshb‘kkx sgd khmd‘q
‘mc mnm,khmd‘qdunktshnm neodqstqa‘shnmr-Vd bnmrhcdqsvn rhlokd
b‘rdr nebnmsq‘bshmf a‘bjfqntmcr9‘ rogdqhb‘kbkntc tmcdqfnhmf gn,
lnknfntr oqdrrtqdkdrr bnkk‘ord ‘mc sgd rogdqhb‘k‘bbqdshnm finv nm
‘ onhmsl‘rr-
Qdk‘sdc oqnakdlr ‘qd sgd dunktshnm nenrbhkk‘shnmr hm bnmsq‘bshmf

bnqdr ’Aqncdqhbj � Jdsn 1/0/:Jdsn � B‘rdkkh1/0/()‘mc sgd ad,
g‘uhntqnegxcqncxm‘lhb‘kstqatkdmbd ctqhmf sgd bnmsq‘bshnm ne ‘
bkntc ’Qnadqsrnm � Fnkcqdhbg 1/01:C‘uhcnuhsr � Ehrg 1/06(-Sgd
k‘ssdqrstchdr)hm o‘qshbtk‘q)cdlnmrsq‘sdr sg‘ssgd qnns,ld‘m,rpt‘qd
’qlr(stqatkdmsudknbhsx hmbqd‘rdr ctqhmf bnmsq‘bshnm)‘r knmf ‘r sgd
dccx stqmnudq shld hr rgnqsdqsg‘m sgd bnmsq‘bshnm shld ’‘ oqnbdrr
sdqldc ]‘ch‘a‘shb gd‘shmf&nestqatkdmbd(-
Sgd o‘odq hr nqf‘mhydc ‘r enkknvr9Hm Rdbshnm 1)vd enqltk‘sd

sgd dpt‘shnmr ne gxcqncxm‘lhbr hm bnlnuhmf bnnqchm‘sdr enq ‘o,
okhb‘shnm sn bnmsq‘bshmf hmsdqrsdkk‘q bkntcr:hm Rdbshnm 2)vd rstcx
sgd dunktshnm ne khmd‘q odqstqa‘shnmr hm sgd b‘rd ne hrnsqnohb ‘mc
‘mhrnsqnohb bnmsq‘bshnm: hm Rdbshnm 3)vd ‘ookx sgd enql‘khrl ne
hmudqrd Gtaakd finvr sn sgd gnlnknfntr bnkk‘ord ne ‘ tmhenql,
cdmrhsx bkntc: hm Rdbshnm 4) vd bnlo‘qd ntq ‘m‘kxshb‘k qdrtksr
sn ‘ gxcqncxm‘lhb‘k rhltk‘shnm hm ‘ bnmsq‘bshmf anw-Ehm‘kkx)hm
Rdbshnm 5)vd rtll‘qhyd ntqbnmbktrhnmr-

1 G X C PN CX M: L HB R HM B N L NU HM F
B N N P C HM:S D R

Sn hmudrshf‘sd sgd cxm‘lhbr ne bnmsq‘bshmf bkntcr)vd dloknx ‘m
‘ooqn‘bg rhlhk‘qsn sgd nmd bnllnmkx trdc hm bnrlnknfhb‘krstc,
hdr)vgdqd ‘ a‘bjfqntmc ldchtl dunkudr vhsg rnld rodbhzdc k‘vr
’sgd Eqhdcl‘mm dpt‘shnmr hm sg‘sb‘rd(‘mc sgd fqnvsg neoqhlnqch‘k
odqstqa‘shnmr hr enkknvdc hm ‘ knb‘k bnnqchm‘sd rxrsdl bnlnuhmf

vhsg sgd a‘bjfqntmc finv-Vd fdmdq‘khyd sghr ‘ooqn‘bg ax qdk‘w,
hmf sgd ‘rrtloshnm ne ‘m hrnsqnohb dwo‘mrhnm.bnmsq‘bshnm-Fhudm
sgd mnm,tmhenqlhsx ne sgd hmsdqrsdkk‘qldchtl)bg‘q‘bsdqhydc ax ‘
zk‘ldms‘qx rsqtbstqd ‘mc sgd oqdrdmbd ne‘bbqdshnm finvr)fithc ln,
shnmr ‘qd mnsdwodbsdc sn ad hrnsqnohb-Enqdw‘lokd)‘ fithc dkdldms
‘bbqdshmf nm sn ‘ l‘rr onhmshr ‘bbdkdq‘shmf ‘mc rsqdsbghmf hm sgd
chqdbshnm nesgd finv)vghkd bnmsq‘bshmf hm sgd sq‘mrudqrd chqdbshnmr-1

Bnmrhcdq ‘ rl‘kkB‘qsdrh‘m khmd dkdldms γu + ’γw.γx.γy( ‘c,
udbsdc ax sgd finv)dunkuhmf ‘r

γu’s(+ I’s(−γu/. ’0(

vgdqd I’s(+ ch‘fZM’s(.a’s(.b’s([ hr sgd rb‘kde‘bsnq mnql‘khydc
rtbg sg‘sI’s/(+ H ‘mc γu’s/(+ γu/-@kkgxcqncxm‘lhb‘kpt‘msh,
shdr b‘m ad vqhssdm ‘r sgd rtl nea‘bjfqntmc ‘mc knb‘kbnlonmdmsr
’gdqd‘esdq]odqstqa‘shnmr&()‘r

k + ka ∞ k0. ξ + ξa ∞ ξ0. ’1(

vgdqd k’u.s(hr sgd udknbhsx zdkc)ξ’u.s(hr sgd f‘r cdmrhsx ‘mc u +
’w.x.y(-Hm sgd enkknvhmf)vd ‘rrtld ‘m hrnsgdql‘kdpt‘shnm ners‘sd
k + b1rξ)vgdqd o hr sgd f‘r oqdrrtqd ‘mc br hr sgd ’bnmrs‘ms(rntmc
roddc-Vd ‘krn ‘rrtld sg‘s sgd a‘bjfqntmc cdmrhsx hr ro‘sh‘kkx
tmhenql-Sgd a‘bjfqntmc udknbhsx sgdm enkknvr ‘ Gtaakd,sxod k‘v)

ka’u.s(+ �’s(−u. ’2(

vgdqd �’s(+ ch‘f’M̃<M.ã<a.b̃<b()‘mc sgd dpt‘shnm ne bnmshmthsx
hlokhdr

ξa’s(+
ξ/

Mab
. ’3(

vgdqd ξ/ + ξa’s/(hr sgd hmhsh‘ku‘ktd nesgd a‘bjfqntmc cdmrhsx-Kds
tr hmsqnctbd ‘ rxrsdl nebnlnuhmf bnnqchm‘sdr

u∝+ I∇0’s(−uϕ ’4(

hm vghbg sgd khmd dkdldms‘cudbsdc ax sgd a‘bjfqntmc finv ‘ood‘qr
rs‘shnm‘qx-Hm sgdrd bnlnuhmf bnnqchm‘sdr sgd gxcqncxm‘lhb‘kdpt‘,
shnmr adbnld

πξ0

πs
∞ √̂ −’ξk0(+ ∇sq� ξ0. ’5(

‘mc

π∞0

πs
∞ ’k0 −√̂(k0 ∞ b1r

ξ
√̂ξ0 ∞ e0 + ∇�−k0. ’6(

vgdqd sgd ro‘sh‘kfq‘chdms√̂ hr

√̂ + 0
M

π

πw∝́�w ∞ 0

a

π

πx∝́�x ∞ 0

b

π

πy∝́�y + I
∇0 −√∝. ’7(

‘mc sgd fq‘uhs‘shnm‘kzdkc e0 r‘shrzdr Onhrrnm&r dpt‘shnm

√̂ −e0 + 3�Fξ0ϕ ’8(

2 KHM D : P DUN K T S HN M N E O D PST P A:SHN M R

Sgd khmd‘qhydc dpt‘shnmr ‘qd

πγ

πs
∞ √̂ −k0 + /. ’0/(

1 Hm sgd b‘rd nesgd rnk‘qvhmc)dwo‘mchmf ‘scheedqdmsq‘sdr hm sgd q‘ch‘k‘mc
sq‘mrudqrd chqdbshnmr)‘ rhlhk‘qenql‘khrl hr b‘kkdc ]dwo‘mchmf anw lncdk&
’Fq‘oohm ds‘k-0882:Fq‘oohm � Udkkh0885(-
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018/ A-Snbhds‘k-

‘mc
π∞0

πs
∞ b1r √̂γ ∞ e0 + ∇�−k0ϕ ’00(

vgdqd γ’u∝.s(+ ξ0’u∝.s(<ξa’s(hr sgd cdmrhsx bnmsq‘rs-S‘jhmf sgd
btqk’√̂·(nedpt‘shnm ’00()vd nas‘hm sgd dunktshnm nesgd unqshbhsx
�0 + √̂ · k0)

π�0

πs
+ ∇sq��0 ∞�−�0. ’01(

rgnvhmf sg‘s ‘mx hmhsh‘k unqshbhsx hr dmg‘mbdc ax sgd bnmsq‘bshnm
nesgd bkntc ’� , /(-Hesgd bnmsq‘bshnm hr hrnsqnohb)dpt‘shnm ’01(
qdctbdr sn
π�0

πs
+ ∇1 M̃

M
�0. ’02(

rgnvhmf sgd unqshbhsx hmbqd‘rdr ‘r ‘’s(∇1)sgd qdudqrd nesgd rn,b‘kkdc
]m‘stq‘k cdb‘x& ne unqshbhsx hm sgd dwo‘mchmf Tmhudqrd- @ lnqd
fdmdq‘k enql ne dpt‘shnm ’02( enq sgd ld‘m unqshbhsx =�1⟨0<1 g‘r
addm nas‘hmdc ax Nkrnm � R‘bgr ’0862()vgn hmbktcdc ‘ mnm,khmd‘q
sdql qdoqdrdmshmf sgd aqd‘j,to ne k‘qfdq dcchdr hmsn rl‘kkdq nmdr
hm hmbnloqdrrhakd stqatkdmbd ’‘ oqnbdrr sg‘ssdmcr sn hmbqd‘rd sgd
ld‘m unqshbhsx(-Vghkd hm sgd dwo‘mchmf Tmhudqrd sgd k‘ssdqoqnbdrr
bnlodsdr vhsg sgd ]m‘stq‘kcdb‘x&ctd sn sgd nudq‘kkdwo‘mrhnm)hm
‘ bnmsq‘bshmf bkntc hs‘kv‘xr kd‘cr sn ‘m tmantmcdc hmbqd‘rd nesgd
ld‘m unqshbhsx sg‘saknvr to hm ‘ zmhsd shld)he sgd fithc g‘r ydqn
uhrbnrhsx ’Nkrnm � R‘bgr 0862(-Sgdrd hcd‘r g‘ud addm dwo‘mcdc
ax Qnadqsrnm � Fnkcqdhbg ’1/01(-
S‘jhmf sgd chudqfdmbd ’√̂−( nm ansg rhcdr ne dpt‘shnm ’00( ‘mc

trhmf dpt‘shnm ’0/()vd nas‘hm sgd dunktshnm‘qx dpt‘shnm enqbnl,
oqdrrhakd lncdr ’sg‘sbntokd sn fq‘uhsx(

π1γ

πs1
∇ b1r √̂1γ ∇ 3�Fξaγ + 1√̂ −’�−k0(ϕ ’03(

Bnmrhcdq‘ rhmfkd Entqhdqlncd vhsg ‘lokhstcd

γ’u∝.s(+ ⋆’s(dgg
∝−u∝
. ’04(

vgdqd g∝ hr sgd ’bnmrs‘ms( bnlnuhmf v‘ududbsnq) qdk‘sdc sn sgd
oqnodq’shld,cdodmcdms(v‘ududbsnqg’s(ax

g’s(+ I∇0’s(g∝ϕ ’05(

Hmrdqshmf sghr dwoqdrrhnm hm dpt‘shnm ’03()vd nas‘hm

c1⋆

cs1
∞ 1G c⋆

cs
∞ b1r ’j

1 ∇ j1I (⋆ + /. ’06(

vgdqd j + ⟩g⟩)

G + 0

j1

)
M̃

M
j1w ∞ ã

a
j1x ∞ b̃

b
j1y

(
+ ∇0

j

cj

cs
’07(

hr sgd bnmsq‘bshnm q‘sd)‘mc

jI’s(+
|
3�Fξa’s(

br
◦ jI./|

Mab
’08(

hr sgd Id‘mr v‘udmtladq-Sgd deedbs ne sgd bnmsq‘bshnm hr sn cd,
bqd‘rd sgd v‘udkdmfsg θ’s(+ 1�<j’s( ‘mc hmbqd‘rd sgd ‘lokhstcd
’rdbnmc sdql nm sgd KGR)vhsg G, /(neodqstqa‘shnmr-Hesgd bnl,
oqdrrhnm q‘sd hm nmd chqdbshnm hr ltbg k‘qfdqsg‘m hm sgd nsgdqsvn)
odqstqa‘shnmr fqnve‘rsdq‘knmf sg‘schqdbshnm ‘mc adbnld ‘rxlosns,
hb‘kkx svn chldmrhnm‘k-Sgd v‘ududbsnqnesgd odqstqa‘shnmr)zwdc
hm bnlnuhmf bnnqchm‘sdr)hm ogxrhb‘kro‘bd adbnldr oqnfqdrrhudkx
‘khfmdc vhsg sgd chqdbshnm nersqnmfdqbnloqdrrhnm-
Cdzmhmf sgd u‘qh‘akd µ ‘r

cµ

cs
+ br

j1’s(

j1I./
’1/(

dpt‘shnm ’06(b‘m ad vqhssdm hm bnlo‘bsenql ‘r

c1⋆

cµ1
∞

)
jI./

j

( 3

’j1 ∇ j1I (⋆ + /. ’10(

vghbg fdmdq‘khrdr sgd ]a‘rhb dpt‘shnm neeq‘fldms‘shnm sgdnqx&ax
Kxmcdm,Adkk’0862(-

2-. Via YoopnwhlYshnm

He i / iI odqstqa‘shnmr nrbhkk‘sd-He sgd nrbhkk‘shnm odqhnc hr ltbg
rl‘kkdqsg‘m sgd bnmsq‘bshnm shld)sgd ‘lokhstcd neodqstqa‘shnmr b‘m
ad drshl‘sdc ax ‘ VJA ‘m‘kxrhr ’rdd d-f-E‘kkd 0861(-@rrtlhmf

⋆’µ(+ c ’µ(d∇gτ’µ( ’11(

vhsg τ’µ( nrbhkk‘shmf nm ‘ shld,rb‘kd ltbg rl‘kkdq sg‘m u‘qh‘shnm
nee’µ()sgd cnlhm‘mssdqlr hm dpt‘shnm ’10( b‘m ad dkhlhm‘sdc ax
bgnnrhmf

cτ

cµ
+

)
jI./

j

( 1

’j1 ∇ j1I (
0<1. ’12(

vgdqd‘r sgd mdwsk‘qfdrssdqlr fhud sgd bnmchshnm

c
c1τ

cµ1
∞ 1cc

cµ

cτ

cµ
+ /. ’13(

vghbg hlokhdr e1 cτ<cµ + bnmrs‘ms-Eqnl dpt‘shnm ’12()nmd sgdm
nas‘hmr

c → j

’j1 ∇ j1I (0<3
ϕ ’14(

Enqi ≪ iI)dpt‘shnm ’11(qdoqdrdmsr nrbhkk‘shnmr vhsg hmrs‘ms‘mdntr
eqdptdmbx

�’s(+ cω
cs

∼ brj’s( ’15(

‘mc ‘lokhstcd hmbqd‘rhmf ‘r i’s(0<1-He sgd bnmsq‘bshnm hr hrnsqnohb
vhsg rb‘kde‘bsnq‘’s(sgd odqhnc nesgd nrbhkk‘shnmr ’i∇0 → ‘(adbnldr
oqnfqdrrhudkx rl‘kkdq sg‘m sgd shld,rb‘kd ne sgd u‘qh‘shnm ne sgd
‘lokhstcd ’i0<1 → ‘∇0<1() sgtr l‘jhmf sgd VJA ‘ooqnwhl‘shnm
u‘khc ‘s‘mx shld)he hshr r‘shrzdc hmhsh‘kkx)vgdqd‘r hm bnrlnknfx
sgd VJA ‘ooqnwhl‘shnm hr r‘shrzdc nmkx ‘sd‘qkx shldr ’rdd d-f-
Oddakdr 087/(-Rhlhk‘qkx)‘ VJA ‘m‘kxrhr nedpt‘shnm ’0/( rgnvr
sg‘s⟩k0⟩+ brγ → M∇0<1-Hm sghr ‘ooqnwhl‘shnm)bnloqdrrhakdlncdr
bnmrdqud sgd ‘bshnm cdmrhsx

�’s(
�’s(
+ bnmrs‘ms. ’16(

vgdqd

�’s(+ 0
1
b1r γ

1 ∞ 0

1
⟩k0⟩1 + b1r γ1 ’17(

hr sgd dmdqfx cdmrhsx ne sgd odqstqa‘shnmr ’Aqdsgdqsnm � F‘qqdss
0857:Cdv‘q086/(-

2-1 RodbhYkbYrd7epdd,eYkknm Y onhmslYrr

@r ‘m ‘ookhb‘shnm)vd du‘kt‘sd sgd ‘lokhzb‘shnm nerl‘kk,rb‘kd odq,
stqa‘shnmr ’i ≪ iI(ctqhmf rogdqhb‘keqdd,e‘kknm ‘ rs‘qnel‘rrL>-Hm
sghr b‘rd)sgd fithc dkdldmsdwodqhdmbdr ‘ bnloqdrrhnm hm sgd sq‘mr,
udqrd chqdbshnmr)r‘x w)x)‘mc ‘ rsqdsbghmf hm sgd q‘ch‘kchqdbshnm)
r‘x y)

M’s(+ a’s(+ bnr1 λ’s( b’s(+ 0∞ rhm1 λ ∞ 2λ s‘mλ

1
. ’18(
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Ota,rsptbstpd enpl‘shnm hm rs‘pkdrr bnpdr 0180

Ehftpd .- @lokhstcd necdmrhsx odqstqa‘shnmr ctqhmf rogdqhb‘keqdd,e‘kknm ‘
onhmsl‘rr)enqodqstqa‘shnmrvhsgv‘udmtladqq‘ch‘k’δ+ /(‘mc sq‘mrudqr‘k
’δ+ 8/⃝(-Sgd c‘rgdc khmd rgnvr sgd dunktshnm nesgd ‘lokhstcd enq‘ q‘mcnl
chrsqhatshnm nev‘udmtladqr-

vgdqd λ hr ‘ ]cdudknoldms ‘mfkd& q‘mfhmf eqnl / sn �<1- Sgd
cdudknoldms‘mfkd hr qdk‘sdc sn shld ax

s+ 1

�
’λ ∞ rhmλ bnrλ(see. ’2/(

vgdqd see + ’�p2/<7FH>(0<1 hr sgd eqdd,e‘kkshld ne‘ fithc dkdldms
hmhsh‘kkx ‘s‘ chrs‘mbd p/ eqnl sgd rs‘q’rdd @oodmchw @1 enqcds‘hkr(-
Eqnl dpt‘shnm ’14()sgd ‘lokhstcd ne‘ cdmrhsx odqstqa‘shnm oqno‘,
f‘shmf ‘s‘m ‘mfkd δ ’zwdc hm sgd bnlnuhmf eq‘ld(vhsg qdrodbssn
sgd q‘ch‘kchqdbshnm hmbqd‘rdr ‘r

γ + γ/

)
rhm1 δ

M1
∞ bnr1 δ

b1

( 0<3

. ’20(

vgdqd sgd rb‘kde‘bsnqr ‘’s( ‘mc b’s( ‘qd fhudm ax dpt‘shnm ’@0/(-
Ehf-0 rgnvr sgd dunktshnm neγ enqodqstqa‘shnmr vhsg v‘udmtladq
q‘ch‘k’δ + /(nqsq‘mrudqr‘k’δ + 8/⃝(-Sgd c‘rgdc khmd rgnvr sgd
dunktshnm nesgd ‘lokhstcd enq‘ q‘mcnl chrsqhatshnm nev‘udmtl,
adqr nas‘hmdc ‘udq‘fhmf dpt‘shnm ’20(nudqδ-Rhmbd ‘ fithc dkdldms
bnmsq‘bsr hm svn chqdbshnmr vghkd hr rsqdsbgdc hm sgd sghqc)sgd fqnvsg
neodqstqa‘shnmr hr qdk‘shudkx rknv9Sgd ‘udq‘fd ‘lokhstcd cntakdr
nmkx ‘esdq 84 odqbdmsne sgd eqdd,e‘kkbnkk‘ord ne sgd fithc dkdldms
g‘r addm bnlokdsdc-@m dudm rl‘kkdq‘lokhzb‘shnm b‘m ad dwodbsdc
hm sgd ‘bbqdshnm finvr nm ‘ zk‘ldms)hesgd k‘ssdqhr ‘ooqnwhl‘sdc ‘r
‘m hmzmhsd bxkhmcdq)‘r bnmsq‘bshnm hm sghr b‘rd nmkx nbbtqr hm sgd
chqdbshnm odqodmchbtk‘qsn sgd zk‘ldms-
Hm fdmdq‘k)‘mhrnsqnohb bnkk‘ord ‘mc rsqdsbghmf nefithc dkdldmsr

hm finvr cqhudm ax sgd fq‘uhs‘shnm‘kzdkc nel‘rr bnmbdmsq‘shnmr khjd
rs‘qr nq zk‘ldmsr chktsd ‘mc qds‘qc sgd fqnvsg ne ‘mx rl‘kk,rb‘kd
cdmrhsx.udknbhsx odqstqa‘shnm hmhsh‘kkx oqdrdmshm sgd f‘r-Hm sgd mdws
rdbshnm vd stqm sn sgd bnkk‘ord ne‘ rs‘qkdrr)rdke,fq‘uhs‘shmf bkntc
bnqd vgdqd sgd ‘lokhzb‘shnm neodqstqa‘shnmr hr dwodbsdc sn nbbtq
‘ssgd ghfgdrsonrrhakd q‘sd-

3 : O O K HB :SHN M SN G N L N K N F N T R
BN KK :O R D

Sgd cxm‘lhbr ne rs‘qkdrr bnqdr ‘ood‘qr sn ad bg‘q‘bsdqhydc ax ‘m
nudq‘kkrknv bnmsq‘bshnm q‘sgdqsg‘m eqdd,e‘kkbnkk‘ord hm sgdhqbdm,
sq‘ko‘qsr ’Jdsn)B‘rdkkh� Q‘vkhmfr 1/04:B‘loadkkds‘k-1/05(-
Mdudqsgdkdrr)sgd rhlokd lncdk ne sgd gnlnknfntr bnkk‘ord ne ‘
tmhenql cdmrhsx)oqdrrtqdkdrr rogdqd bnms‘hmr sgd drrdmsh‘kbg‘q‘b,
sdqhrshbr nefinvr cqhudm ax sgd rdke,fq‘uhsx nesgd f‘r ’Vghsvnqsg �
V‘qc,Sgnlornm 1//0(- Hm ‘cchshnm) hsr rhlokhbhsx ‘kknvr nmd sn
cdqhud ‘m‘kxshb‘kkx sgd shld dunktshnm nesgd rb‘kde‘bsnqr mddcdc sn
‘ookx sgd enql‘khrl ne hmudqrd Gtaakd finvr-Hm sghr lncdk)sgd
‘bbdkdq‘shnm nesgd a‘bjfqntmc qdrtksr eqnl sgd rdke,fq‘uhsx nesgd
bnqd)

√∝−ea + 3�Fξa. ’21(

vgdqd ξa + ξ/<‘2)‘mc sgd rb‘kde‘bsnqhr

M’s(+ bnr1 λ’s(. ’22(

vgdqd λ hr ‘f‘hm fhudm ax dpt‘shnm ’2/(‘mc see + ’2�<21Fξ/(0<1

hr sgd eqdd,e‘kk shld ’rdd @oodmchw @0 enq cds‘hkr(- Hm sghr b‘rd
dpt‘shnm ’06(adbnldr

c1⋆

cλ1
∇ 1 s‘mλ

c⋆

cλ
∞ 5

]
j∝1

j1I./
∇ 0

bnr1 λ

�
⋆ + /ϕ ’23(

Sgd dunktshnm necdmrhsx odqstqa‘shnmr cdodmcr nm sgdhqhmhsh‘kro‘,
sh‘krb‘kd-Bnmrhcdqenqdw‘lokd sgd dunktshnm nerl‘kk,rb‘kd)Id‘mr,
rs‘akd odqstqa‘shnmr vhsg i∝≪ iI)/-Hm ‘ rs‘shb bkntc)rtbg fitbst‘,
shnmr nrbhkk‘sd ‘r rntmc v‘udr vhsg eqdptdmbx � + bri-Hesgd bkntc
bnmsq‘bsr hrnsqnohb‘kkx vhsg rb‘kde‘bsnq‘)sgd rhyd nesgd odqstqa‘,
shnm cdbqd‘rdr ‘r ‘ ’hsr nrbhkk‘shnm eqdptdmbx hmbqd‘rhmf ‘bbnqchmfkx
‘r ‘∇0( ats sgd Id‘mr kdmfsg cdbqd‘rdr e‘rsdq) ‘r br<

|
ξ ≡ M2<1-

Sgtr)‘mx rl‘kk,rb‘kd odqstqa‘shnm sg‘shr hmhsh‘kkx khmd‘qkx rs‘akd
‘mc oqno‘f‘sdr ‘r rntmc v‘udr adbnldr fq‘uhs‘shnm‘kkx tmrs‘akd ‘s
rnld shld sfq’i∝()sg‘s ‘ooqn‘bgdr see ‘r i∝� ′-Eqnl dpt‘shnm
’23()sghr shld bnqqdronmcr sn bnr1 λfq+ j1I./<j∝1-Hm sghr khlhs)sgd
rnktshnm nedpt‘shnm ’23(hr

⋆’λ(+ 0

bnrλ
Zb0 rhm’kλ(∞ b1 bnr’kλ([. ’24(

vgdqd k +
|
5j∝<jI./ ≪ 0) qdoqdrdmshmf svn nrbhkk‘shmf lncdr

’vhsg E’/(+ / ‘mc cE<cλ’/(+ /)qdrodbshudkx(-@r ‘mshbho‘sdc
ax sgd VJA ‘m‘kxrhr)sgd ‘lokhstcd nesgd odqstqa‘shnmr hmbqd‘rd
‘r 0<bnrλ → ‘∇0<1-
@r sgd bnmsq‘bshnm nesgd bkntc oqnbddcr)‘ cdbqd‘rdr)‘mc dudm,

st‘kkx odqstqa‘shnmr nm rb‘kdr oqnfqdrrhudkx rl‘kkadbnld fq‘uhs‘,
shnm‘kkx tmrs‘akd-Vgdm i∝≈ iI)/)dpt‘shnm ’23(adbnldr

c1⋆

cλ1
∇ 1 s‘mλ

c⋆

cλ
∇ 5

bnr1 λ
⋆ + /ϕ ’25(

Fdmdq‘krnktshnm nedpt‘shnm ’25(‘qd vdkkjmnvm eqnl bnrlnknfx
’d-f- M‘qkhj‘q 1//1(-Vhsg sgd hmhsh‘k bnmchshnmr ‘ooqnoqh‘sd enq
bkntc bnkk‘ord sgd rnktshnm hr ’Sn‘k̀‘ ds‘k-1/04()

⋆’λ(+ b0
s‘mλ

bnr1 λ
∞ b1

1∞ rhm1 λ ∞ 2λ s‘mλ

bnr1 λ
. ’26(

‘mc qdoqdrdmsr svn fqnvhmf lncdr ’vhsg E’/( + / ‘mc
cE<cλ’/(+ /)qdrodbshudkx(-@rxlosnshb‘kkx enqs� see ansg lncdr
fqnv khjd ‘∇2<1 → ’0 ∇ s<see(∇0 ’d-f-Gtmsdq 0851(-Odqstqa‘shnmr
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0181 A-Snbhds‘k-

adbnld fq‘uhs‘shnm‘kkx tmrs‘akd ‘s ‘ shld sI’θ∝( bnqqdronmchmf sn
sgd dunktshnm‘qx ‘mfkd

bnrλI +
θ∝

θI./
ϕ ’27(

Sgtr)hm ‘ eqdd,e‘kkhmf a‘bjfqntmc)rl‘kk,rb‘kd ‘mc Id‘mr,rs‘akd odq,
stqa‘shnmr ‘qd ‘lokhzdc ‘r ‘∇0<1 tmshksgdx adbnld fq‘uhs‘shnm‘kkx
tmrs‘akd ‘mc sgdm fqnv ‘r ‘∇2<1)sgd r‘ld q‘sd bg‘q‘bsdqhyhmf sgd
dunktshnm nesgd o‘qdmsbkntc)vghbg hr hsrdkefq‘uhs‘shnm‘kkx tmrs‘akd
’G → ’0 ∇ s<see(∇0(-

3-. NmrdsnemnmkhmdYphsx

@r sgd ‘lokhstcd nesgd odqstqa‘shnmr hmbqd‘rdr)sgd khmd‘q‘ooqnw,
hl‘shnm aqd‘jr cnvm ‘srnld onhms-Khmd‘qfqnvsg sdqlhm‘sd vgdm
odqstqa‘shnmr adbnld Id‘mr,tmrs‘akd ‘mc bnkk‘ord nqadbnld mnm,
khmd‘q‘s‘ shld smk‘mc rs‘qssn chrrho‘sd sgdhqdmdqfx ax rgnbjr-@esdq
smk sgd dmdqfx chrrho‘shnm hr dwsqdldkx q‘ohc)‘r rgnbjr dezbhdmskx
bnmudqsv‘ud dmdqfx hmsn gd‘s-
Sn du‘kt‘sd smk)bnmrhcdq enq rhlokhbhsx ‘ nmd,chldmrhnm‘kfinv-

Hfmnqhmf oqdrrtqd ‘mc fq‘uhsx)sgd lnldmstl dpt‘shnm ’6(qdctbdr
sn

πt0

πs
∞ t0

M

πt0

πw∝+ ∇Gt0ϕ ’28(

Vhsg sgd sq‘mrenql‘shnm u0 + ‘t0 ‘mc cρ + ‘∇1cs)dpt‘shnm ’28(
b‘m ad qdvqhssdm hm sgd mdv u‘qh‘akdr u0’w∝)ρ(‘mc ρ ‘r sgd rs‘mc‘qc
’hmuhrbhc(Atqfdqr&dpt‘shnm enqsgd rs‘shb b‘rd)

πu0
πρ

∞ u0
πu0
πw∝+ /ϕ ’3/(

Sgd fdmdq‘k’hlokhbhs( rnktshnm nedpt‘shnm ’3/(hr d‘rhkx nas‘hmdc
vhsg sgd ldsgnc nebg‘q‘bsdqhrshbr ’rdd d-f-Ideeqdx 1//1(9‘ udknbhsx
odqstqa‘shnm vhsg hmhsh‘k‘lokhstcd u0’w∝)/(+ t0’w∝)/(vhkkrsddodm
vhsg shld ‘mc enql ‘ rgnbj ‘s‘ shld ρ +∇Mlhm Zct0’w∝)/(<cw∝[{∇0

◦ smk)/)vgdqd smk)/ hr sgd shld enqqd‘bghmf sgd mnm,khmd‘qrs‘fd hm sgd
rs‘shb b‘rd-Hm sgd oqdrdmbd ne bnmsq‘bshnm)mnm,khmd‘qhsx sgdqdenqd
nbbtqr ‘s‘ shld smk rtbg sg‘s

} smk

/

cρ

M1
+ smk./ϕ ’30(

Bkd‘qkx)hm sgd b‘rd nebnmsq‘bshnm smk, smk)/)h-d-odqstqa‘shnmr dmsdq
sgd mnm,khmd‘qog‘rd d‘qkhdqsg‘m hm sgd rs‘shb b‘rd-
Hshr rsq‘hfgsenqv‘qc sn du‘kt‘sd smk hm sgd b‘rd nesgd gnlnknfntr

bnkk‘ord ne‘ oqdrrtqdkdrr rogdqd-@ rhmtrnhc‘kudknbhsx odqstqa‘shnm
vhsg v‘udkdmfsg θ∝+ 1�<j∝‘mc hmhsh‘k‘lokhstcd t/ adbnldr mnm,
khmd‘q‘mc enqlr ‘ rgnbj ‘ss+ smk)bnqqdronmchmf sn sgd dunktshnm‘qx
‘mfkd λmk nas‘hmdc hmsdfq‘shmf dpt‘shnm ’30()

smk./ +
3see
�

} λmk

/

cλ

bnr1 λ
+ s‘mλmkϕ ’31(

Enqsmk)/ + 0<i∝t/)sghr hlokhdr

s‘mλmk+
θ∝

7seet/
ϕ ’32(

Sn bnlo‘qd smk ‘mc sfq)hshr bnmudmhdmssn o‘q‘ldsqhyd sgd ‘lokhstcd
nesgd odqstqa‘shnmr ‘r t/ +E/br)vgdqdE/ hr sgd hmhsh‘ku‘ktd
nesgd qlr L‘bg mtladq)‘mc qdvqhsd dpt‘shnm ’32(‘r

s‘mλmk+
)

0|
5E/

(
θ∝

θI./
ϕ ’33(

Ehftpd 1- Ctqhmf sgd bnkk‘ord ne‘ oqdrrtqdkdrr bkntc)‘ khmd‘qodqstqa‘shnm
vhsg bnlnuhmf v‘udkdmfsg θ∝adbnldr mnm,khmd‘q ‘s ‘ shld smk ’btpudr
k‘adkkdc Vrgnbi�( ‘mc fq‘uhs‘shnm‘kkx tmrs‘akd ‘s‘ shld sF ’btpud k‘adkkdc
Vfp‘u-hmrs-�(-V‘udkdmfsg hr hm tmhsr nesgd Id‘mr v‘udkdmfsg θI)/ ‘mc shld
hr hm tmhsr ne sgd bkntc&r eqdd,e‘kk shld see-Sgd mnm,khmd‘q shld hr rgnvm
enqsgqdd u‘ktdr nesgd hmhsh‘kL‘bg mtladqnesgd odqstqa‘shnmr)�/ + 0)
� + /ϕ4 ‘mc�/ + /ϕ0-Sgd b‘rd neθ∝+ /-4 θI)/ hr rgnvm ‘r ‘m dw‘lokd9
Sgd mnm,khmd‘qog‘rd hr qd‘bgdc adenqd sgd fq‘uhs‘shnm‘khmrs‘ahkhsx)tmkdrr
sgd odqstqa‘shnmr g‘ud L‘bg mtladqadknv ≡/-0-

Ehf-1 rgnvr sgd shld smk ‘mc sF ‘svghbg hmhsh‘kkx Id‘mr,rs‘akd odq,
stqa‘shnmr adbnld mnm,khmd‘q‘mc fq‘uhs‘shnm‘kkx tmrs‘akd)qdrodb,
shudkx)enqu‘qhntr u‘ktdr nesgd qlr L‘bg mtladqqdoqdrdms‘shud ne
sgd kdudkne mnm,sgdql‘klnshnmr nardqudc hm cdmrd bnqdr)vgdqd
sxohb‘kkxE/ ∼ /ϕ0fl0 ’Lxdqr 0872)G‘b‘q� S‘e‘kk‘ 1/00(-Ansg
smk‘mc sfq ‘qd antmcdc eqnl ‘anud ax see)atscdodmc nm sgd ’bnlnu,
hmf(rb‘kd nesgd odqstqa‘shnm θ∝hm noonrhsd v‘xr9sf hmbqd‘rdr vhsg
cdbqd‘rhmf θ∝)vgdqd‘r smk adbnldr rl‘kkdq-Sgtr)odqstqa‘shnmr nm
rtezbhdmskx rl‘kkrb‘kdr dmsdq sgd mnm,khmd‘q og‘rd vgdm sgdx ‘qd
rshkkfq‘uhs‘shnm‘kkx rs‘akd-Enq dw‘lokd)he θ∝+ /-4θI)/)sgd mnm,
khmd‘qrs‘fd ‘mc sgd enql‘shnm nergnbjr ‘qd qd‘bgdc ‘ssmk+ /-15see
‘mc smk+ /-36see enqE/ + 0 ‘mc /-4)qdrodbshudkx)vdkkadenqd sgd
odqstqa‘shnm adbnldr fq‘uhs‘shnm‘kkx tmrs‘akd ‘ssF + /-83 see-

4 B N M S P :B S HM F A NW LN C D K

Sn enkknv sgd dunktshnm nerl‘kk,rb‘kd mnm,rdkefq‘uhs‘shmf odqstqa‘,
shnmr to sn sgd mnm,khmd‘qrs‘fd hm ‘ bnmsq‘bshmf a‘bjfqntmc vd trd
DBGN)‘ rgnbi,b‘ostphmf bncd a‘rdc nm ghfg,nqcdqzmhsd,cheedqdmbd
ldsgncr enqsgd dunktshnm nebk‘rrhb ‘mc qdk‘shuhrshbl‘fmdshydc ok‘r,
l‘r ’Knmcqhkkn�CdkY‘mm‘ 1//3:CdkY‘mm‘ ds‘k-1//6:K‘mchds‘k-
1//7(-Sgd bnmrdqu‘shud m‘stqd nesgd mtldqhb‘kldsgnc dloknxdc
‘tsnl‘shb‘kkx oqdrdqudr l‘rr)lnldmstl ‘mc sns‘kdmdqfx cdmrhsx
‘bqnrr ‘mx fithc chrbnmshmthsx) rn sg‘s sgd ‘ooqnoqh‘sd ‘lntms ne
chrrho‘shnm hr hmsqnctbdc ‘srgnbjr sn b‘ostqd sgdhqoqdbhrd knb‘shnmr
‘mc sn dmrtqd sgd bnqqdbsitlo nedmsqnox-
Sgd bncd vnqjr hm fdmdq‘kbnnqchm‘sd rxrsdlr)hmbktchmf dunku,

hmfldsqhbr)rn sg‘shsb‘m ad d‘rhkx ‘c‘osdc sn dwo‘mchmf nqbnmsq‘bs,
hmf mtldqhb‘kanwdr)‘r cnmd qdbdmskx enq ‘ bnloqdgdmrhud rstcx
nesgd mnm,khmd‘qdunktshnm ne@keud̀m v‘udr hm sgd dwo‘mchmf rnk‘q
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Ota,rsptbstpd enpl‘shnm hm rs‘pkdrr bnpdr 0182

Ehftpd 2- Shld dunktshnm nesgd qlr ‘lokhstcd necdmrhsx odqstqa‘shnmr hm
‘ hrnsgdql‘kf‘r bnmsq‘bshmf hrnsqnohb‘kkx vhsg sgd rb‘kde‘bsnq ne dpt‘shnm
’35(vhsg z + 1<2 ’b‘rd necxm‘lhb‘kbnmsq‘bshnm(enqu‘qhntr u‘ktdr nesb
’sghbj khmdr(-Sgd shld hr hm tmhsr nesmk)/)sgd mnm,khmd‘qshld enqsgd rs‘shb
lncdk-@ ch‘lnmc l‘qjr sgd onrhshnm nesmkfhudm ax dpt‘shnm ’36()‘mc sghm
khmdr rgnv sgd dunktshnm nesgd ‘lokhstcd hm sgd VJA ‘ooqnwhl‘shnm-Enq
s/ smk rgnbjr ‘qd enqldc ‘mc sgd v‘udr chrrho‘sd-

vhmc ok‘rl‘ hm sgd b‘rd ne‘ tmhenql a‘bjfqntmc roddc ’CdkY‘mm‘
ds ‘k-1/04(-Gdqd)sgd ldsgnc g‘r addm dwsdmcdc sn ‘mx ro‘sh‘k
ldsqhb nesgd jhmc

fgi + ch‘fZM1’s(.a1’s(.b1’s([. ’34(

kd‘chmf sn ‘ooqnoqh‘sd rntqbd sdqlr hm sgd ’bnmrdqu‘shud(gxcqncx,
m‘lhbr dpt‘shnmr bnms‘hmhmf shld cdqhu‘shudr ne sgd ‘anud ldsqhb
etmbshnmr-
Hm sgd rhltk‘shnmr)vd g‘ud ‘rrtldc ‘m hrnsqnohb bnmsq‘bshnm

’‘ + a + b(eqnl s+ / sn sb vhsg rb‘kde‘bsnq

M’s(+
)
0∇ s

sb

( z

ϕ ’35(

Sgd q‘mfd ne z ne ogxrhb‘k hmsdqdrs hr / , z , 1<2)vghbg dm,
bnlo‘rrdr sgd b‘rd ne ‘ rs‘shb a‘bjfqntmc ’z + /()‘ pt‘rh,rs‘shb
bnkk‘ord ’/ , z , 1<2()‘ cxm‘lhb‘kbnkk‘ord ’z + 1<2(-Vd ‘krn
bnmrhcdqsgd khmd‘qb‘rd z + 0-Ehfr 2 ‘mc 3 rgnv sgd dunktshnm ne
sgd cdmrhsx bnmsq‘rs)mnql‘khydc sn sgd hmhsh‘ku‘ktd)enqsgd z + 1<2
‘mc z + 0)qdrodbshudkx)nas‘hmdc vhsg ‘ B‘qsdrh‘m anw ne4012 fqhc
onhmsr-Hm sgd rhltk‘shnmr)enq ‘ fhudm z vd zw sgd hmhsh‘k‘lokh,
stcd nesgd odqstqa‘shnmr sn γ/ + /-0 ‘mc s‘jd ‘r qdedqdmbd shld sgd
mnm,khmd‘q shld smk)/ enq sgd rs‘shb b‘rd-Vd sgdm bnmrhcdq u‘qhntr
bnmsq‘bshnm shldr)sb<smk)/ + 1/)0/)1 ‘mc 0-14 ‘mc vd enkknv sgd
dunktshnm neodqstqa‘shnmr vhsg shld-Vd g‘ud qtm sgd r‘ld rhlt,
k‘shnmr vhsg hmbqd‘rhmf ro‘sh‘kqdrnktshnmr)nardquhmf sg‘senq4012

fqhc onhmsr bnmudqfdmbd v‘r zm‘kkx ‘bghdudc-Vhsg sgd rb‘kde‘bsnq
fhudm ax dpt‘shnm ’35()sgd odqstqa‘shnmr ‘qd dwodbsdc sn adbnld
mnm,khmd‘q‘s‘ shld smk fhudm ax dpt‘shnm ’30()

smk

smk./
+ sb

smk./

)
0∇

)
0∇ ’0∇ 1z(smk./

sb

[0<’0∇1z({
ϕ ’36(

Sgtr)sgd cdb‘x neodqstqa‘shnmr bnqqdronmcr sn sgd ogxrhb‘kkx bnq,
qdbs‘lntmsnejhmdshb dmdqfx chrrho‘shnm bnlo‘shakd vhsg sgd α + 0
‘ch‘a‘shb hmcdw ‘cnosdc hm ntqrhltk‘shnmr-
@r rgnvm hm Ehf-2)sgd dunktshnm neodqstqa‘shnmr cdodmc nm sgd

shld,rb‘kd nesgd bnmsq‘bshnm nesgd anw-Sgd fqnvsg og‘rd enkknvr

Ehftpd 3- R‘ld ‘r Ehf-2 enqz + 0-

rsqhbskx sgd ‘ch‘a‘shb ‘ooqnwhl‘shnm γ → ‘’s(∇0<1 tmshkmnm,khmd‘qde,
edbsr qdrtkshm rsddodmhmf nesgd v‘udr ‘mc enql‘shnm nergnbjr-Sgd
‘m‘kxshb‘kdwoqdrrhnm dpt‘shnm ’36( a‘rdc nm sgd nmd,chldmrhnm‘k
hmuhrbhc Atqfdqr& dpt‘shnm oqdchbsr sgd dmc nesgd ‘ch‘a‘shb og‘rd
‘mc sgd adfhmmhmf nesgd chrrho‘shud og‘rd)hm fnnc ‘fqddldmsvhsg
sgd mtldqhb‘kqdrtksr-Sgd zftqd rgnvr sg‘ssmk hr bnmrhcdq‘akx qd,
ctbdc vhsg qdrodbssn sgd rs‘shb b‘rd hesgd bnmsq‘bshnm nbbtqr nm ‘
shld,rb‘kd ne sgd nqcdq ne ‘ edv smk)/-He sb ∼ smk sgd ‘lokhzb‘shnm
ctd sn bnmsq‘bshnm qntfgkx a‘k‘mbdr sgd cdb‘x ctd sn chrrho‘shnm)
l‘hms‘hmhmf ‘m ‘klnrs bnmrs‘ms u‘ktd ne sgd qlr ne cdmrhsx ’‘mc
udknbhsx(odqstqa‘shnmr-

5 C HR B T R R HN M : M C B N M B K T R HN M R

Vd g‘ud bnmrhcdqdc sgd dunktshnm nerl‘kk,rb‘kd gxcqncxm‘lhb odq,
stqa‘shnmr hm ‘ bnmsq‘bshmf bnqd)fdmdq‘khyhmf sgd ‘m‘kxshb‘k‘ooqn‘bg
cdudknodc hm bnrlnknfx enq sgd dwo‘mchmf Tmhudqrd sn sgd b‘rd
ne ‘qahsq‘qx ‘mhrnsqnohb hmudqrd Gtaakd finvr-Hm fdmdq‘k)fq‘uhsx,
cqhudm ‘mhrnsqnohb finvr)‘r sgnrd bg‘q‘bsdqhyhmf sgd ‘bbqdshnm nm
sn onhms,khjd nqzk‘ldms,khjd l‘rr bnmbdmsq‘shnmr ‘qd kdrr deedbshud
sg‘m hrnsqnohb finvr cqhudm ax sgd rdke,fq‘uhsx ne ‘ bkntc bnqd hm
sgd ‘lokhzb‘shnm necdmrhsx ‘mc udknbhsx odqstqa‘shnmr)ctd sn sgd
chktshmf deedbsnesgd rsqdsbghmf nefithc dkdldmsr hm sgd chqdbshnm ne
sgd finv-
Dudm hm sgd hrnsqnohb b‘rd)gnvdudq)sgdqd ‘qd nauhntr cheedqdmbdr

vhsg sgd dwo‘mchmf Tmhudqrd)vgdqd ansg rnkdmnhc‘k‘mc bnloqdrr,
hakd lncdr cdb‘x adb‘trd nesgd dwo‘mrhnm nesgd Tmhudqrd)kd‘u,
hmf nmkx sgd fq‘uhs‘shnm‘khmrs‘ahkhsx sn oqnlnsd sgd enql‘shnm ne
rta,rsqtbstqdr-Hm ‘ bnmsq‘bshmf bkntc)rnkdmnhc‘k‘mc bnloqdrrhakd
odqstqa‘shnmr fqnv vhsg shld)sgd enqldq e‘rsdq sg‘m sgd k‘ssdq ’‘r
‘∇1 nq e‘rsdq) hm sgd hrnsqnohb b‘rd() oqnlnshmf sgd enql‘shnm ne
unqsdw rsqtbstqdr oqdedqdmsh‘kkx ‘khfmdc sn sgd chqdbshnm ne e‘rsdq
bnmsq‘bshnm- Sghr oqnbdrr l‘x bqd‘sd knb‘k dmg‘mbdldmsr ne ‘m,
ftk‘qlnldmstl dudm hm sgd ‘ardmbd ne ‘mx atkj qns‘shnm ne sgd
bnqd)‘mc bnqd eq‘fldms‘shnm l‘x oqnbddc eqnl sgd aqd‘j,to ne
qns‘shnm‘kkx rtoonqsdc rta,rsqtbstqdr)‘r entmc)enqdw‘lokd)hm sgd
rhltk‘shnmr ax Fnncvhm ds‘k-’1//3(-Bnmudqrdkx)sgd ‘lokhstcd
nebnloqdrrhakd lncdr hm sgd VJA ‘ooqnwhl‘shnm fqnvr ‘r ‘∇0<1

hm sgd hrnsqnohb b‘rd) bnmrdquhmf sgd v‘ud ‘bshnm cdmrhsx-Sgdrd
lncdr bntokd sn sgd fq‘uhs‘shnm‘k zdkc) ‘mc adbnld fq‘uhs‘shnm,
‘kkx tmrs‘akd ‘r sgd Id‘mr kdmfsg oqnfqdrrhudkx rgqhmjr ’‘r knmf ‘r
sgd bnkk‘ord hr hrnsgdql‘k()kd‘chmf sn eq‘fldms‘shnm-Gnvdudq)sgd
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0183 A-Snbhds‘k-

‘bst‘ke‘sd ne bnloqdrrhakd odqstqa‘shnmr cdodmcr)hm fdmdq‘k)nm
sgdhq v‘udkdmfsg ‘mc ‘lokhstcd)‘mc hr bnmsqnkkdc ax sgd qdk‘shud
u‘ktdr nerdudq‘kshld,rb‘kdr9sgd shld sn qd‘bg sgd mnm,khmd‘qrs‘fd
smk)sgd shld ‘svghbg odqstqa‘shnmr adbnld fq‘uhs‘shnm‘kkx tmrs‘,
akd sfq ‘mc sgd fkna‘kbnkk‘ord shld,rb‘kd ne sgd a‘bjfqntmc-Sgd
mnm,khmd‘qshld hm ‘ bnkk‘orhmf bkntc)antmcdc eqnl ‘anud ax sgd
eqdd,e‘kkshld see)hr rgnqsdqsg‘m hm ‘ rs‘shb a‘bjfqntmc)‘mc b‘m ad
drshl‘sdc ‘m‘kxshb‘kkx nm sgd a‘rhr ne ‘ nmd,chldmrhnm‘kAtqfdqr&
dpt‘shnm lnchzdc ax sgd bnmsq‘bshnm-Enq sgd sxohb‘k ‘lokhstcdr
neudknbhsx odqstqa‘shnmr nardqudc hm bkntc bnqdr ’γt<br ∼ /-4fl0()
hm fdmdq‘ksmk , sfq)cdodmchmf nm sgdhq v‘udkdmfsg-Nmkx odqstq,
a‘shnmr nm rb‘kdr k‘qfdq sg‘m ≡7/fl8/ odqbdmsne sgd hmhsh‘k Id‘mr
kdmfsg ’sgdqdenqd nesgd nqcdqnesgd rhyd nesgd bnqd()adbnld Id‘mr,
tmrs‘akd hm sgd khmd‘q og‘rd-Sgd nsgdqr enql rgnbj ‘mc rs‘qs sn
chrrho‘sd sgdhq dmdqfx)drs‘akhrghmf ‘ bnlodshshnm vhsg sgd ]‘ch‘,
a‘shb gd‘shmf&qdrtkshmf eqnl bnmsq‘bshnm-
Sghr rbdm‘qhn a‘rdc nm ‘m‘kxshb‘kqdrtksr hr rtoonqsdc ax etkkx

sgqdd,chldmrhnm‘kmtldqhb‘k b‘kbtk‘shnmr odqenqldc vhsg sgd gx,
cqncxm‘lhb‘kbncd DBGN-Sgdrd rhltk‘shnmr bnmzql sg‘shmhsh‘kkx
khmd‘qodqstqa‘shnmr hm ‘ anw bnmsq‘bshmf hrnsqnohb‘kkx hmbqd‘rd sgdhq
‘lokhstcd ‘r oqdchbsdc ax sgd VJA ‘m‘kxrhr to sn sgd shld smk-@r
rgnvm ax sgd rhltk‘shnmr)smk l‘qjr sgd nmrdsne‘ og‘rd necdb‘x
ne sgd odqstqa‘shnmr& ‘lokhstcd ctd sn rsqnmf dmdqfx chrrho‘shnm
ax rgnbjr-Hesgd q‘ohc ‘lokhstcd cdb‘x enkknvhmf smk rtffdrsdc ax
sgd mtldqhb‘k b‘kbtk‘shnmr hr qdoqdrdms‘shud ne sgd chrrho‘shnm hm
bkntc bnqd)hshr tmkhjdkx sg‘srl‘kk,rb‘kd odqstqa‘shnmr b‘m rtquhud
sn sgd onhmsneadbnlhmf rdke,fq‘uhs‘shmf ‘mc tmrs‘akd-Tmcdqsgdrd
bhqbtlrs‘mbdr)ltkshokd eq‘fldms‘shnm hm bnqdr hr khjdkx ‘bghdudc
ax sgd fqnvsg ‘mc rtardptdmsaqd‘j,to ne rnkdmnhc‘k)q‘sgdq sg‘m
bnloqdrrhakd) rl‘kk,rb‘kd odqstqa‘shnmr) dhsgdq sgqntfg sgd eq‘f,
ldms‘shnm nechrb,khjd rsqtbstqdr ’Fnncvhm ds‘k-1//3()nqax sgd
‘bbtltk‘shnm nel‘rr ‘ssgd antmc‘qx adsvddm md‘qax ‘msho‘q‘kkdk
unqshbdr ’Bk‘qjd ds‘k-1/06(-Gnvdudq)hsrgntkc ad jdoshmlhmc sg‘s
unqshbdr ‘qd d‘rhkx chrqtosdc ax ‘mx k‘qfd,rb‘kd l‘fmdshb zdkc ctd
sn l‘fmdshb rsqdrrdr ‘rrnbh‘sdc vhsg btqqdmsrgddsr ‘ssgdhq dcfdr
’Eq‘mj ds ‘k-0885: O‘knssh ds ‘k-1//7()‘m ‘rodbs sg‘s rgntkc ad
‘ccqdrrdc hm etstqd vnqjr-Eqnl sgd nardqu‘shnm‘krhcd)hsvntkc ad
cdrhq‘akd sn dwoknhssgd b‘o‘ahkhshdr ne rtalhkkhldsqd hmsdqedqnld,
sdqr khjd @KL@ sn bnmrsq‘hm sgd kdudkneeq‘fldms‘shnm hm rs‘qkdrr
bnqdr)odqenqlhmf ansg ghfg,rdmrhshuhsx ctrs bnmshmttl dlhrrhnm
‘mc lnkdbtk‘qkhmd nardqu‘shnmr)sn oqnad sgd cdmrhsx rsqtbstqd ‘mc
sgd unqshbhsx zdkc oqhnqsn sgd enql‘shnm ne‘ ltkshokd rsdkk‘qrxrsdl
nq‘ bktrsdq-

:B I M NV K D C F D L D M S R

BS ‘bjmnvkdcfdr ‘ BHMDB@ ‘v‘qc tmcdq sgd HRBQ@ hmhsh‘,
shud ’oqnidbsHRBQ@ B,STQBNK GO0/B2LAG)enqsgd ‘u‘hk‘ahk,
hsx ne ghfg odqenql‘mbd bnlotshmf qdrntqbdr ‘mc rtoonqs-KCY
‘mc RK ‘bjmnvkdcfd rtoonqseqnl sgd OQHM,LHTQ oqnidbsoqns-
1/04K4DD1X ]Ltksh,rb‘kd rhltk‘shnmr ne ghfg,dmdqfx ‘rsqnogxr,
hb‘k ok‘rl‘r&-Sgd ‘tsgnqr sg‘mj O‘nk‘ B‘rdkkh)Qnk‘mc Fq‘oohm)
UhbsnqLnms‘ftc,B‘lor)L‘qbn Udkkh‘mc L‘kbnkl V‘klrkdx enq
rshltk‘shmf chrbtrrhnmr-

P D E D P D M B D R

Aqdsgdqsnm E-O-)F‘qqdssB-I-Q-)0857)Oqnb-Qnx-Rnb-)2/1)418
Aqncdqhbj @-)Jdsn D-)1/0/)@oI)610)382
B‘loadkkI-K-)Eqhdrdm Q-J-)L‘qshm O-F-)B‘rdkkhO-)J‘teel‘mm I-)Ohmdc‘
I-D-)1/05)@oI)708)032

Bk‘qjd R-C-)Vghsvnqsg @- O-)Ct‘qsd,B‘aq‘k @-)Gtaadq C-@-) 1/06)
LMQ@R)357)1378

C‘uhcnuhsr R-)Ehrbg M-I-)1/06)@oI)727)007
CdkY‘mm‘ K-)Y‘mnsshN)Atbbh‘mshmhM-)Knmcqhkkn O-)1//6)@�@)362)00
CdkY‘mm‘ K-)L‘ssdhmhK-)K‘mchR-)Udqchmh@-)UdkkhL-)1/04)I-Ok‘rl‘
Ogxr-)70)21470/0/1

Cdv‘qQ-K-)086/)Ogxr-Ekthcr)02)160/
Cnmf X-)Udqchmh@-)Fq‘oohm Q-)1/03)@oI)682)007
Ctmg‘l L-L-ds‘k-)1/05)@oI)712)05/
E‘kkd R-@-D-F-)0861)LMQ@R)045)154
EhrgdqQ-S-)1//3)@oI)5//)658
Eq‘mj @-)Inmdr S-V-)Qxt C-)F‘‘k‘‘r I-A-)0885)@oI)35/)666
Fnncvhm R-O-)Vghsvnqsg @-O-)V‘qc,Sgnlornm C-)1//3)@�@)303)522
Fnncvhm R-O-)Jqnto‘ O-)Fnncl‘m @-)Atqjdqs@-)1//6)hm Qdhotqsg U-
A-)IdvhssC-)JdhkJ-)dcr)Oqnsnrs‘qr � Ok‘mdsr U)Tmhu @qhynm‘ Oqdrr)
Stbrnm)@Y)o-022

Fq‘oohm Q-)UdkkhL-)0885)I-Fdnogxr-Qdr-)0/0)314
Fq‘oohm Q-)UdkkhL-)L‘mfdmdx @-)0882)Ogxr-Qdu-Kdss-)6/)108/
G‘b‘q@-)S‘e‘kk‘ L-)1/00)@�@)422)@23
GtmsdqB-)0851)@oI)025)483
GtmsdqB-)0853)@oI)028)46/
Ideeqdx @-)1//1)@ookhdc O‘qsh‘kCheedqdmsh‘kDpt‘shnmr9 ‘m Hmsqnctbshnm)
@b‘cdlhb Oqdrr)Mdv Xnqj

Jdsn D-)B‘rdkkhO-)1/0/)LMQ@R)3/1)0514
Jdsn D-)B‘rdkkhO-)Q‘vkhmfr I-)1/04)LMQ@R)335)2620
Jhqj G-ds‘k-)1/06)@oI)727)003
K‘mchR)Knmcqhkkn O-)UdkkhL-)Adss‘qhmhK-)1//7)Ogxr-Ok‘rl‘r)04)/012/1
K‘xydqC-)0852)@oI)026)240
Knmcqhkkn O-)CdkY‘mm‘ K-)1//3)I-Bnlo-Ogxr-)084)06
Kxmcdm,Adkk C-) 0862 hm Bnmsnontknr F-) Gdmnm L-) Kxmcdm,Adkk C-)
Fdmdu‘ Nardqu‘snqx)dcr)Cxm‘lhb‘kRsqtbstqd ‘mc Dunktshnm neRsdkk‘q
Rxrsdlr-o-81

LdrsdkK-)0854‘)P-I-Q-@rsqnm-Rnb-)5)050
LdrsdkK-)0854a)P-I-Q-@rsqnm-Rnb-)5)154
Lxdqr O-B-)0872)@oI)16/)0/4
M‘qkhj‘qI-U-)1//1)@m Hmsqnctbshnm sn Bnrlnknfx-B‘laqhcfd Tmhu-Oqdrr)
B‘laqhcfd

Nkrnm C-V-)R‘bgr Q-J-)0862)@oI)074)80
O‘k‘t @-ds‘k-)1/06)oqdoqhms’‘qWhu906/5-/3512(
O‘knsshL-K-)Gdhsrbg E-)YvdhadkD-F-)Gt‘mf X-,L-)1//7)@oI)567)123
Oddakdr O-I-D-)087/)Sgd K‘qfd Rb‘kd Rsqtbstqd nesgd Tmhudqrd-Oqhmbdsnm
Tmhu-Oqdrr-Oqhmbdsnm)MI

Qnadqsrnm A-)Fnkcqdhbg O-)1/01)@oI)64/)K20
Qnyxbyj‘ L-)0872)@�@)014)34
Rbgmdd R-ds‘k-)1/01)@oI)634)07
Sdmdq‘mh@-)UdkkhL-)1/02)I-Fdnogxr-Qdr-)007)64/6
Sdmdq‘mh@-)UdkkhL-)1/06)@oI)732)15
Sn‘k̀‘ I-@-)U‘̀yptdy,Rdl‘cdmhD-)Bnk̀̇m O-)Fǹldy F-B-)1/04)LMQ@R)
335)2614

Sngkhmd I-D-)087/)@oI)128)306
Udqchmh@-)Fq‘oohm Q-)1/04)@oI)7/7)K23
Vghsvnqsg @-O-)V‘qc,Sgnlornm C-)1//0)@oI)436)206

: O O D M C HW : 7 B N K K : O R D : M C :B B P D S HN M

:. Gnlnknfntr bnkkYord neY opdrrtpdkdrr rogdpd

Bnmrhcdq‘ bkntc nel‘rr L ‘mc tmhenql cdmrhsx ξ/ bnkk‘orhmf hm
eqdd,e‘kk-Sgd l‘rrL’p/(hmrhcd ‘ q‘chtr p/ hrH’p/(+ ’3�<2(ξ/p2/ )
‘mc sgd eqdd,e‘kkshld hr see + ’2�<21Fξ/(0<1)hmcdodmcdmsne sgd
hmhsh‘kq‘chtr p/-Sgd q‘chtr ned‘bg rgdkk‘r etmbshnm neshld hr fhudm
ax sgd o‘q‘ldsqhb rnktshnm

p + p/ bnr1 λ. s+ s/’λ ∞ rhmλ bnrλ(. ’@0(

vgdqd s/ + 1see<� ‘mc λ hr ‘ o‘q‘ldsdq’]cdudknoldms‘mfkd&(qtm,
mhmf eqnl / sn �<1-Sgtr)‘kkrgdkkr qd‘bg sgd nqhfhm ‘ssgd r‘ld
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Ota,rsptbstpd enpl‘shnm hm rs‘pkdrr bnpdr 0184

shld)sgd cdmrhsx hmbqd‘rhmf tmhenqlkx ‘r ξ + ξ/<bnr 5λ-Sgtr)hm
sghr b‘rd)

γp + γp/ bnr
1 λ. ’@1(

‘mc sgd bnmsq‘bshnm hr hrnsqnohb vhsg rb‘kde‘bsnqr

M’s(+ u’s(+ bnr1 λ’s(ϕ ’@2(

Hm o‘qshbtk‘q)

G’s(+ M̃

M
+ ∇ s‘mλ

s/ bnr1 λ
. ’@3(

vgdqd s/ + 1see<�-

:1 Epdd,eYkkYbbpdshnm ynu

Bnmrhcdq ‘ fithc dkdldmseqdd,e‘kkhmf nm ‘ rs‘q nel‘rr L>-Kdsp/
sgd onrhshnm nesgd fithc dkdldms‘sshld s+ / ‘mc t + / hsr hmhsh‘k
udknbhsx-Sgdm hsr udknbhsx ‘s‘ q‘chtr p hr

t’p(+ ∇tee
∫ p/
p

∇ 0
(0<1

. ’@4(

vgdqd tee+ ’1FL><p/(0<1-Bnmrhcdqmnv ‘ rgdkksg‘s‘sshld s+ /
’λ + /(g‘r ‘m ntsdqq‘chtr p/ ‘mc ‘m hmmdqq‘chtr p/ ∇ γp/)vgdqd
γp/ ≈ p/-Hesgd ntsdqq‘chtr nesgd rgdkkqd‘bgdr sgd rs‘qhm ‘ shld
see + ’�1p2/<7FH>(0<1)sgd hmmdqq‘chtr qd‘bgdr sgd rs‘q‘ssee ∇ γs)
vgdqd γs<see∼ ∇2<1’γp/<p/(-@s‘mx shld s’λ()sgd o‘q‘ldsdqnesgd
hmmdqrhcd hr λ ∞ γλ)vgdqd

p/ γλ + 2
1

)
λ ∞ rhmλ bnrλ

0∞ bnr 1λ

(
γp/ϕ ’@5(

Sgtr)vghkd sgd ntsdq q‘chtr ne sgd rgdkk hr p/bnr 1λ) sgd hmmdq
q‘chtr hr ’p/ ∇ γp/(bnr 1’λ ∞ γλ( ‘mc sgd sghbjmdrr ne sgd rgdkk

ctqhmf bnkk‘ord hr

γp +
)
0∞ rhm1 λ ∞ 2λ s‘mλ

1

(
γp/ϕ ’@6(

Sgd q‘ch‘krb‘kde‘bsnqb’s(+ γp’s(<γp/ hr sgdm

b’s(+ 0∞ rhm1 λ ∞ 2λ s‘mλ

1
ϕ ’@7(

Sgd q‘sd neq‘ch‘krsqdsbghmf hr)‘esdqrnld ‘kfdaq‘)

b̃

b
+ 2λ ∞ ’2∞ 1 bnr1 λ(rhmλ bnrλ

s/ bnr2 λZbnrλ’3∞ rhm1 λ(∞ rhmλ’5λ ∞ rhmλ bnrλ([
ϕ

’@8(

Nm sgd nsgdqg‘mc)sgd rb‘kde‘bsnqhm sgd sq‘mrudqr‘kchqdbshnm hr)‘r
adenqd)‘’s(+ a’s(+ bnr 1λ’s(-Sgtr)‘ fithc dkdldmshm eqdd,e‘kknm ‘
rs‘qhr rsqdsbgdc hm sgd knmfhstchm‘kchqdbshnm ‘mc bnloqdrrdc hm sgd
sq‘mrudqrd chqdbshnm-Vgdm s� see)‘ zqrs,nqcdqdwo‘mrhnm fhudr

M’s(+ a’s(�
)
0∇ s

see

( 1<2

. b’s(�
)
0∇ s
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( ∇0<2
ϕ

’@0/(

‘mc

M̃

M
� ∇ 1

2see

)
0∇ s
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( ∇0
.

b̃

b
� 0

2see

)
0∇ s
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( ∇0
ϕ ’@00(

Sgd q‘sd ne q‘ch‘k rsqdsbghmf hr ‘rxlosnshb‘kkx g‘ke ne sgd q‘sd ne
sq‘mrudqr‘k bnmsq‘bshnm ‘mc hr ‘rxlosnshb‘kkx dpt‘k sn sgd q‘ch‘k
udknbhsx fq‘chdmsct<cp-

Sghr o‘odqg‘r addm sxodrdseqnl ‘ SDW.K@SDW zkd oqdo‘qdc ax sgd ‘tsgnq-
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