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Knsd

5 rhlokd eWlhkw ne WmWkwshbWk sptlods rkhbdr
ne sgd RbguWpyrbghkc roWbdshld

Idmmdsg 5 Bdmmhrnm Wmc SgnlWr T AWtlfWpsd

Cdo‘qsldms ne Ogxrhbr ‘mc @rsqnmnlx+ Anvcnhm Bnkkdfd+ Aqtmrvhbj+ LD /3/00+
TR@

D,l‘hk9 jcdmmhrn?anvcnhm-dct ‘mc sa‘tlf‘q?anvcnhm-dct

Pdbdhudc 10 L‘qbg 1/03
@bbdosdc enq otakhb‘shnm 04 @oqhk 1/03
Otakhrgdc 8 L‘x 1/03

5arspWbs
Vd cdrbqhad ‘ rhlokd e‘lhkx ne ‘m‘kxshb‘k bnnqchm‘sd rxrsdlr enq sgd
Rbgv‘qyrbghkc ro‘bdshld- Sgd bnnqchm‘sdr odmdsq‘sd sgd gnqhynm rlnnsgkx ‘mc
‘qd ro‘sh‘kkx hrnsqnohb- Ro‘sh‘k rkhbdr ne bnmrs‘ms bnnqchm‘sd shld s ed‘stqd ‘
sqtlods fdnldsqx vhsg ‘m ‘rxlosnshb‘kkx bxkhmcqhb‘k dmc hmrhcd sgd gnqhynm ‘s
‘ oqdrbqhadc ‘qd‘k q‘chtr P/ ’vhsg / , P/ � L( sg‘s rdqudr ‘r sgd eqdd o‘q‘ldsdq
enq sgd e‘lhkx- Sgd rkhbdr ‘krn g‘ud ‘m ‘rxlosnshb‘kkx fi‘s dmc ‘s ro‘sh‘k hmzmhsx-
Hm sgd khlhs P/ + / sgd ro‘sh‘k rkhbdr knrd sgdhq sqtlods fdnldsqx ‘mc adbnld
fi‘s¨hm sghr khlhs+ ntq bnnqchm‘sdr qdctbd sn O‘hmkdud̀flFtkkrsq‘mc bnnqchm‘sdr-

Jdxvnqcr9 Rbgv‘qyrbghkc ak‘bj gnkd+ bnnqchm‘sd rxrsdl+ sqtlods fdnldsqx
O@BR mtladqr9 /3-1/-Ia+ /3-6/-Av+ 86-5/-Ke+ /3-14-cf

’Rnld zftqdr l‘x ‘ood‘q hm bnkntq nmkx hm sgd nmkhmd intqm‘k(

.+ Fmspnctbshnm

Sgd Rbgv‘qyrbghkc ro‘bdshld b‘m ad cdrbqhadc ‘m‘kxshb‘kkx hm l‘mx cheedqdms bnnqchm‘sd
rxrsdlr- Hm ‘cchshnm sn sgd nqhfhm‘k Rbgv‘qyrbghkc bnnqchm‘sdr Y0[+ vdkk,jmnvm bnnqchm‘sd
rxrsdlr hmbktcd Jqtrj‘kflRydjdqdr bnnqchm‘sdr Y1+ 2[+ DcchmfsnmflEhmjdkrsdhm Y3+ 4[ ’nq Jdqqfl
Rbghkc Y5[( bnnqchm‘sdr+ g‘qlnmhb ’nq Cd Cnmcdq( bnnqchm‘sdr Y6[ ‘r vdkk ‘r O‘hmkdud̀fl
Ftkkrsq‘mc bnnqchm‘sdr Y7+ 8[- @mnsgdq dw‘lokd hr ‘ nmd,o‘q‘ldsdq e‘lhkx ne ‘m‘kxshb‘k
bnnqchm‘sd rxrsdlr sg‘s g‘r ansg DcchmfsnmflEhmjdkrsdhm ‘mc O‘hmkdud̀flFtkkrsq‘mc bnnqchm‘sdr
‘r ldladqr Y0/+ 00[ ’rdd ‘krn Y01+ 02[(-

Hm sghr rgnqs o‘odq vd oqdrdms ‘mnsgdq e‘lhkx ne ‘m‘kxshb‘k bnnqchm‘sd rxrsdlr qdoqdrdmshmf
sgd Rbgv‘qyrbghkc ro‘bdshld- Sghr e‘lhkx g‘r rnld qdl‘qj‘akd oqnodqshdr9 sgd bnnqchm‘sdr
dwsdmc rlnnsgkx sgqntfg sgd ak‘bj gnkd dudms gnqhynm+ sgd ro‘sh‘k bnnqchm‘sdr ‘qd hrnsqnohb
’rn sg‘s sgd ro‘sh‘k ldsqhb b‘m ad vqhssdm ‘r ‘ bnmenql‘k e‘bsnq sn rnld onvdq shldr ‘ fi‘s

/153)8270.03.006//0+/5 22-// y 1/03 GNO Otaihrghme Ksc Ophmsdc hm sgd QI 0
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Dhftpd .+ Dladcchmf ch‘fq‘l enq sgd P/ + L ldladq ne ntq e‘lhkx ne rnktshnmr vhsg
s + bnmrs‘ms+ θ + π<1- Sgd chrs‘mbd eqnl sgd ‘whr ne rxlldsqx ld‘rtqdr sgd ‘qd‘k
q‘chtr P- Sgd bhqbkd md‘q sgd sno ne sgd zftqd l‘qjr sgd dudms gnqhynm ‘s P + 1L-

Dhftpd 1+ Jqtrj‘k ’kdes( ‘mc Odmqnrd ’qhfgs( ch‘fq‘lr enq sgd P/ + L ldladq ne sgd
e‘lhkx ne rnktshnmr ’0(- Rgnqs c‘rgdr l‘qj sgd rhmftk‘qhsx ‘s P + /+ knmf c‘rgdr l‘qj sgd
khlhshmf rtqe‘bd ‘s P + L+ ‘mc cnsr l‘qj lnqd fdmdq‘k btqudr ne bnmrs‘ms ‘qd‘k q‘chtr P-
Rnkhc btqudr ’qdc nmkhmd( l‘qj s + bnmrs‘ms sqtlods rkhbdr vghbg bnmmdbs ro‘sh‘k hmzmhsx
sn etstqd shldkhmd hmzmhsx- Enq bnlo‘qhrnm+ sgd rnkhc gnqhynms‘k khmd ’fqddm nmkhmd( hm
sgd Odmqnrd ch‘fq‘l l‘qjr ‘ vnqlgnkd rkhbd- Ehm‘kkx+ sgd rnkhc ch‘fnm‘k khmdr l‘qj sgd
dudms gnqhynm-

ro‘sh‘k ldsqhb(+ ‘mc+ enq ‘klnrs ‘kk ldladqr ne sgd e‘lhkx+ sgd ro‘sh‘k rkhbdr s‘jd ‘ rn,b‘kkdc
sqtlods fdnldsqx Y03[- Lnqdnudq+ ‘kk dwoqdrrhnmr ‘qd rtqoqhrhmfkx rhlokd+ o‘qshbtk‘qkx enq nmd
rodbh‘k ldladq ne sgd e‘lhkx-

Sqtlods rkhbdr+ ld‘mhmf ro‘sh‘k rkhbdr ne bnmrs‘ms bnnqchm‘sd shld sg‘s ed‘stqd ‘ sqtlods
fdnldsqx+ g‘ud ok‘xdc ‘m hlonqs‘ms qnkd hm mtldqhb‘k qdk‘shuhsx+ rhmbd sgdx gdko mtldqhb‘k
rhltk‘shnmr ‘unhc sgd ro‘bdshld rhmftk‘qhshdr ‘s sgd bdmsdqr ne ak‘bj gnkdr ’rdd+ d-f-+ Y03+ 04[
enq chrbtrrhnmr(- @ sqtlods rkhbd dmcr nm ‘ rogdqd ne mnm,ydqn ’‘mc zmhsd( ‘qd‘k q‘chtr- Sgd
oqnodq chrs‘mbd adsvddm sghr rogdqd ‘mc ‘mx onhms ‘v‘x eqnl sgd rogdqd+ ld‘rtqdc nm ‘ rkhbd
ne bnmrs‘ms bnnqchm‘sd shld+ hr hmzmhsd- Pdoqdrdmsdc hm ‘m dladcchmf ch‘fq‘l ’rdd zftqd 0+
nq zftqd 1 hm Y03[(+ sgd rkhbd sgdqdenqd ‘ood‘qr sn ‘ooqn‘bg ‘ bxkhmcdq- Sgd qdrtkshmf rg‘od
g‘r fhudm sgd sqtlods fdnldsqx hsr m‘ld- Pdoqdrdmsdc hm ‘ Odmqnrd ch‘fq‘l+ sqtlods rkhbdr
bnmmdbs ro‘sh‘k hmzmhsx hm nmd tmhudqrd vhsg etstqd shldkhjd hmzmhsx hm sgd nsgdq tmhudqrd ’rdd
zftqd 1(-

1
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Hm mtldqhb‘k qdk‘shuhsx rhltk‘shnmr+ sqtlods rkhbdr dldqfd ‘r ‘ qdrtks ne sgd hlonrdc rkhbhmf
bnmchshnm- Hm o‘qshbtk‘q+ sgd rn,b‘kkdc 0)knf rkhbhmf Y05[ kd‘cr+ ‘s k‘sd shldr+ sn ]rs‘shnm‘qx 0)knf 
sqtlods rkhbdr Y03+ 06[- @ ]mnm,‘cudbshud udqrhnm ne sgd 0)knf rkhbhmf kd‘cr snl‘whl‘kkx rkhbdc
sqtlods rkhbdr Y07[- Vghkd sgd k‘ssdq b‘m ad dwoqdrrdc ‘m‘kxshb‘kkx+ ‘kadhs nmkx hm o‘q‘ldsqhb
enql Y08[+ hs cndr mns ‘ood‘q sn ad onrrhakd sn dwoqdrr sgd enqldq bnlokdsdkx ‘m‘kxshb‘kkx- Gdqd
vd oqdrdms ‘ bnlokdsdkx ‘m‘kxshb‘k e‘lhkx ne sqtlods rkhbdr- Sgd e‘lhkx hr o‘q‘ldsdqhydc ax
sgd ‘qd‘k q‘chtr ne sgd sqtlods+ P/+ ‘mc s‘jdr ‘ o‘qshbtk‘qkx rhlokd enql enq P/ + L- @s sgd
nsgdq khlhs ne sgd e‘lhkx+ P/ + /+ vd qdbnudq O‘hmkdud̀flFtkkrsq‘mc bnnqchm‘sdr+ enq vghbg sgd
sqtlods fdnldsqx chr‘ood‘qr-

Sghr o‘odq hr nqf‘mhydc ‘r enkknvr9 Hm rdbshnm 1 vd oqdrdms sgd e‘lhkx ne rnktshnmr- Vd
enkknv sghr vhsg ‘ cdqhu‘shnm ne sgd e‘lhkx hm rdbshnm 2- Hm rdbshnm 3 vd chrbtrr ntq rnktshnmr
eqnl sgd odqrodbshud ne mtldqhb‘k qdk‘shuhsx- Vd bnmbktcd vhsg ‘ aqhde rtll‘qx hm rdbshnm 4-

1+ 5 eWlhkw ne hrnspnohb sptlods rkhbdr ne sgd RbguWpyrbghkc roWbdshld

Bnmrhcdq sgd khmd dkdldms

cr1 +  q + P/  1L

q + P/
cs1 + 1 e0

q
cs cq +

)
0 + P/

q

(1

�cq1 + q1 cψ1() ’0(

Gdqd vd g‘ud trdc rogdqhb‘k onk‘q bnnqchm‘sdr vhsg ‘m hrnsqnohb q‘chtr q+ vd g‘ud ‘aaqduh‘sdc

e0�q( ≡
)

1q�L  P/(+ P/�1L  P/(. ’1(

‘mc L ‘mc P/ ‘qd bnmrs‘msr- Hs b‘m ad udqhzdc sg‘s sgd khmd dkdldms ’0( r‘shrzdr Dhmrsdhm r
dpt‘shnmr hm u‘bttl+ ats vd vhkk ‘krn cdqhud sghr enql ne sgd ldsqhb eqnl sgd Rbgv‘qyrbghkc
rnktshnm adknv- Hm sgd enkknvhmf vd qdrsqhbs ntq ‘m‘kxrhr sn P/ � L rn sg‘s e0 qdl‘hmr qd‘k enq
‘kk q > /-

Bnlotshmf sgd oqnodq ‘qd‘ ne ‘ rogdqd bdmsdqdc nm sgd nqhfhm vd rdd sg‘s sgd ‘qd‘k q‘chtr
P hr qdk‘sdc sn sgd hrnsqnohb q‘chtr q ax sgd rhlokd qdk‘shnm

P + q + P/) ’2(

Hm o‘qshbtk‘q+ sghr hlokhdr sg‘s sgd onhms q + / bnqqdronmcr sn ‘ rogdqd ne ‘qd‘k q‘chtr P/- Vd
‘krn rdd sg‘s+ enq onrhshud P/+ sgd oqnodq chrs‘mbd eqnl q + / sn ‘mx onhms q / / ’‘s bnmrs‘ms
bnnqchm‘sd shld s( hr hmzmhsd- Snfdsgdq+ sgdrd svn oqnodqshdr drs‘akhrg sgd ro‘sh‘k fdnldsqx ne
sgd khmd dkdldms ’0( ‘r ‘ sqtlods fdnldsqx- @m dladcchmf ch‘fq‘l ne sghr fdnldsqx hr rgnvm
hm zftqd 0-

O‘qshbtk‘q u‘ktdr ne P/ qdrtks hm udqx rhlokd rnktshnmr- Kdsshmf P/ + L+ vd rdd sg‘s
e0 + L+ ‘mc sgd khmd dkdldms ’0( qdctbdr sn

cr1 +  q  L

q + L
cs1 + 1L

q
cs cq +

)
0 + L

q

(1

�cq1 + q1 cψ1() ’3(

Sgd qdk‘shnm ’2( mnv adbnldr P + q + L+ vghbg hr sgd r‘ld qdk‘shnm ‘r enq g‘qlnmhb ’nq Cd
Cnmcdq( bnnqchm‘sdr Y6[- Ehftqd 1 rgnvr Jqtrj‘k ‘mc Odmqnrd ch‘fq‘lr enq sghr rnktshnm- He
vd bgnnrd P/ + / hmrsd‘c+ sgd khmd dkdldms ’0( adbnldr

cr1 +  
)

0 1L

q

(
cs1 + 1

√
1L

q
cs cq + cq1 + q1 cψ1. ’4(

vghbg hr vdkk jmnvm ‘r sgd O‘hmkdud̀flFtkkrsq‘mc khmd dkdldms-

2
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2+ SpWmrenplWshnm epnl RbguWpyrbghkc bnnpchmWsdr

@ rsq‘hfgsenqv‘qc cdqhu‘shnm ne sgd khmd dkdldms ’0( rs‘qsr vhsg sgd Rbgv‘qyrbghkc rnktshnm hm
Rbgv‘qyrbghkc bnnqchm‘sdr+

cr1 +  e/ c=s1 + e 0
/ cP1 + P1 cψ1) ’5(

Gdqd e/�P( ≡ 0  1L<P+ ‘mc L hr sgd ak‘bj gnkd r fq‘uhs‘shnm‘k l‘rr- Vd sgdm hmsqnctbd ‘
gdhfgs etmbshnm g�P( sg‘s sq‘mrenqlr sgd Rbgv‘qyrbghkc shld =s sn ‘ mdv shld bnnqchm‘sd

s + =s + g�P() ’6(

Hm sdqlr ne sghr mdv shld bnnqchm‘sd sgd khmd dkdldms s‘jdr sgd enql

cr1 +  e/ cs1 + 1 e/
cg

cP
cs cP +

)

e 0
/  e/

)
cg

cP

(1
�

cP1 + P1 cψ1) ’7(

Vd rddj sq‘mrenql‘shnmr sg‘s aqhmf sgd ro‘sh‘k o‘qs ne sgd khmd dkdldms hmsn hrnsqnohb enql+
ld‘mhmf sg‘s vd b‘m vqhsd sghr ro‘sh‘k o‘qs ‘r rnld nudq‘kk e‘bsnq shldr sgd fi‘s ldsqhb-
Enkknvhmf bnmudmshnm vd dwoqdrr sgd nudq‘kk e‘bsnq ‘r sgd entqsg onvdq ne ‘ bnmenql‘k e‘bsnq
ψ ‘mc hcdmshex

)

e 0
/  e/

)
cg

cP

(1
�

cP1 + P1 cψ1 + ψ3�cq1 + q1 cψ1(. ’8(

vgdqd q hr ‘f‘hm ‘m hrnsqnohb q‘chtr- Eqnl sgd ‘mftk‘q o‘qs ne sghr hcdmshzb‘shnm vd nas‘hm

ψ +
√

P�q(

q
. ’0/(

vghkd sgd q‘ch‘k o‘qs xhdkcr

cg

cP
+ 0

e/

√

0 e/

)
P�q(

qP→�q(

(1

) ’00(

Gdqd vd hmsdqoqds P + P�q( ‘r ‘ etmbshnm ne q+ ‘mc ‘aaqduh‘sd P→�q( ≡ cP<cq- Ehm‘kkx+ hm nqcdq
sn nas‘hm sqtlods rnktshnmr+ vd knnj enq rnktshnmr enq vghbg sgd bnmenql‘k e‘bsnq rb‘kdr vhsg
q 0<1 enq rl‘kk q- @ rtqoqhrhmfkx rhlokd rnktshnm ne sghr enql qdrtksr eqnl sgd bgnhbd

P �q( + q + P/. ’01(

vhsg / , P/ � L- Vd sgdm rdd sg‘s

ψ +
√

0 + P/

q
. ’02(

vghbg+ enq rl‘kk q+ chudqfdr vhsg q 0<1 ‘r cdrhqdc- Rtarshstshmf dpt‘shnm ’01( hmsn ’00( xhdkcr
cg<cP + e0<�q e/(: hmrdqshmf sghr hmsn ’7( ‘mc dwoqdrrhmf e/ hm sdqlr ne q sgdm qdrtksr hm sgd
khmd dkdldms ’0( ‘mc bnlokdsdr sgd cdqhu‘shnm-

3+ 2 . cdbnlonrhshnm

Rhmbd sqtlods rkhbdr ok‘x ‘ rodbh‘k qnkd hm mtldqhb‘k qdk‘shuhsx+ hs hr ne hmsdqdrs sn dwoqdrr sgd
khmd dkdldms ’0( hm sdqlr ne ‘ 2 + 0 cdbnlonrhshnm ’rdd+ d-f-+ Y04[ enq ‘ sdwsannj sqd‘sldms(-
Bnlo‘qhmf sgd khmd dkdldms ’0( vhsg sgd 2)0 enql

cr1 +   1 cs1 + γh i�cvh + β h cs(�cv i + β i cs( ’03(

3
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vd b‘m hcdmshex sgd k‘ord etmbshnm  + sgd q‘ch‘k bnlonmdms ne sgd rghes udbsnq βq+ ‘mc sgd ro‘sh‘k
ldsqhb γh i ‘r

 + q

q + P/
. βq + q e0

�q + P/(1
. ‘mc γh i + ψ3ηh i) ’04(

Gdqd sgd bnmenql‘k e‘bsnq ψ hr fhudm ax ’02(+ ηh i hr sgd fi‘s ldsqhb hm rogdqhb‘k onk‘q bnnqchm‘sdr+
‘mc sgd mnm,q‘ch‘k bnlonmdmsr ne sgd rghes u‘mhrg- Enq shld,hmcdodmcdms rnktshnmr+ sgd dwsqhmrhb
btqu‘stqd b‘m ad bnlotsdc eqnlJh i + �Chβ i+Ciβh(<�1 (+ vgdqdCh hr sgd bnu‘qh‘ms cdqhu‘shud
‘rrnbh‘sdc vhsg γh i- Enq sgd khmd dkdldms ’0( vd zmc sgd mnm,ydqn bnlonmdmsr

Jqq +  
q�L  P/(+ LP/

q1 e0
‘mc Jθθ +

Jφφ

rhm1 θ
+ e0. ’05(

‘r vdkk ‘r sgd sq‘bd

J ≡ γ h iJh i +
�2q + 1P/(�L  P/(+ LP/

�q + P/(1 e0
) ’06(

Hm l‘mx ‘ookhb‘shnmr ’enq dw‘lokd hm sgd ARRM enql‘khrl Y1/fl11[( sgd dwsqhmrhb btqu‘stqd hr
cdbnlonrdc ‘bbnqchmf sn

:̄h i + ψ 3
 
Jh i  0

2γh iJ
)
) ’07(

@kk rhmftk‘q sdqlr ‘qd sgdm ‘arnqadc hm sgd bnmenql‘k e‘bsnq+ kd‘uhmf sgd qdftk‘q sdqlr

:̄qq +  
1

2

�2q + P/(�L  P/(+ 1LP/

�q + P/(1 e0
. ’08(

‘mc

:̄θθ +
:̄φφ

rhm1 θ
+ q1�q�L  P/(+ P/�L  P/<2((

�q + P/(1 e0
) ’1/(

Enq P/ + L lnrs ne sgd ‘anud dwoqdrrhnmr rhlokhex rhfmhzb‘mskx-
Sgd 0)knf rkhbhmf bnmchshnm Y05[+ vghbg g‘r oqnudm sn ad dwsqdldkx u‘kt‘akd hm mtldqhb‘k

rhltk‘shnmr ne ak‘bj gnkdr+ hr ‘ ldladq ne sgd e‘lhkx ne rkhbhmf bnmchshnmr

�>s  β h>h( +   1 e � (J ’10(

enq sgd rodbh‘k bgnhbd e � ( + 1< - Eqnl sgd ‘anud dwoqdrrhnmr vd rdd sg‘s sgd khmd dkdldms
’0( r‘shrzdr sgd rkhbhmf bnmchshnm ’10( he hmrsd‘c vd bgnnrd

e � ( + 0  

 

1L  P/�0 +  (

2L  P/�1 +  (
. ’11(

nq itrs e � ( + �0  (< enqP/ + L- Tmenqstm‘sdkx+ sghr cndr mns ‘ood‘q sn ad ‘ udqx oqnlhrhmf
bgnhbd eqnl sgd odqrodbshud ne mtldqhb‘k qdk‘shuhsx- @r chrbtrrdc hm Y05[+ sgd oqnodqshdr ne sgd
qdrtkshmf f‘tfd roddcr rtffdrs sg‘s nmd rgntkc bgnnrd e � ( / 0: gdqd+ gnvdudq+ e � ( � /
‘r q � ∞- Vd sgdqdenqd cn mns dwodbs sgd e‘lhkx ne rnktshnmr ’0( sn ad ne fqd‘s oq‘bshb‘k trd
hm mtldqhb‘k qdk‘shuhsx+ ‘s kd‘rs enq sghr rkhbhmf bnmchshnm-

4+ RtllWpw

Vd oqdrdms ‘ nmd,o‘q‘ldsdq e‘lhkx ne ‘m‘kxshb‘k bnnqchm‘sd qdoqdrdms‘shnmr ne sgd
Rbgv‘qyrbghkc ro‘bdshld- Sghr e‘lhkx g‘r rnld qdl‘qj‘akd oqnodqshdr+ hm ‘cchshnm sn adhmf
rtqoqhrhmfkx rhlokd9 sgd bnnqchm‘sdr odmdsq‘sd rlnnsgkx sgqntfg sgd dudms gnqhynm+ sgd ro‘sh‘k
bnnqchm‘sdr ‘qd hrnsqnohb+ ‘mc sgd ro‘sh‘k rkhbdr ed‘stqd ‘ sqtlods fdnldsqx- Sgd e‘lhkx hr
o‘q‘ldsdqhydc ax sgd ‘qd‘k q‘chtr P/ ne sgd rogdqd sn vghbg sgd sqtlodsr ‘rxlosnsd: enq
P/ + / vd qdbnudq O‘hmkdud̀flFtkkrsq‘mc bnnqchm‘sdr- Vghkd sgdrd bnnqchm‘sdr l‘x mns ad ne
fqd‘s oq‘bshb‘k trd hm mtldqhb‘k qdk‘shuhsx+ vd adkhdud sg‘s sgdx ‘qd hmsdqdrshmf hm sgdhq nvm qhfgs+
‘mc sg‘s sgdx oqnuhcd ‘ rhlokd odc‘fnfhb‘k dw‘lokd ne ak‘bj gnkdr hm sqtlods fdnldsqhdr-
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ne lnuhmf otmbstqdr Ngxr- Pdu- Kdss- 88 1300/1
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