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�FGEBABVL < �FGEBCQLFRyF VwAHFyERCG AB– ”6fYsélbjéFCCBUéLTJBAéENIéGJByBU �qie —‘—0
eyGBxNE Wfi —‘—0

lbS rCdysDBCBTwDRVdsDL BO yBVds 56f7 ptrs dAIRDBAVdAs wDBtAz

sPd dAz BO Rsr RAsdArd iBtsPdDA rtVVdD

oHAw s– aJBA0
ε

fi iGNOwAB XwPAHUB—fi vBQwAANF cwETTwANA0φ 2fi vNFFRyw �PwEJwU0φ 2fi aBUBTBUBIw bHzVRUUwWfi
�AAL]YQwAGwU bNIwFFNHE]hNPBHEz4fi YBURA iABzPEwFF”fi wAz sRwA f– jBMMR6

0 uAFGRGHG O)E sNBCQLFRT HAz qKGEwGNEENFGERFyQN fQLFRTfi jNyQARFyQN kARINEFRGüG XEwHAFyQJNRPfi cNAzNUFFBQAFGE– 2fi 270‘” XEwHA]
FyQJNRPfi sNEVwAL
N]VwRU# b-iun�kst@aowt�rygudhe-cd

— �EVwPQ exFNEIwGBELfi YBUUNPN tRUUfi �EVwPQ Xj”0 8Zsfi dBEGQNEA uENUwAzfi ka
2 cwK fUwAyT uAFGRGHGN OBE iBUwE iLFGNV hNFNwEyQfi vHFGHF]IBA]bRNxRP]mNP 2fi 26‘66 s%GGRAPNAfi sNEVwAL
W ZNCwEGVNAG BO �FGEBABVLfi kARINEFRGL BO cwELUwAzfi YBUUNPN fwETfi cZ —‘6W—fi ki�
4 b�jceifi iBExBAAN kARINEFRG.fi Ydhifi kligfi YwVCHF fRNEEN NG cwERN YHERNfi W CUwyN vHFFRNHfi 64‘‘4 fwERFfi rEwAyN
” uAFGRGHGN OBE �FGEBABVLfi kARINEFRGL BO qzRAxHEPQfi hBLwU exFNEIwGBELfi qzRAxHEPQ qt8 2tvfi ka
6 ud�r - eFFNEIwGBERB �FGEB[FRyB zR �EyNGERfi 4‘0—4fi rRENAMNfi uGwUL

hNyNRINz �HPHFG —”fi —‘—0 + �yyNCGNz 1

�niSh�oS

onAsdas- � yBEAHyBCRw BO hBFNGGw wAz PEBHAz]xwFNz BxFNEIwGRBAwU zwGw FQNzF URPQG BA GQN NIBUHGRBA BO GQN yQwEwyGNERFGRyF BO zHFG
CwEGRyUNF OEBV yBVNG ”6f+YQHELHVBI]sNEwFRVNATB “QNENwOGNE ”6f¯ JRGQ FNwFBAFfi RVCULRAP GQN zRffiNENAG zHFG NAIREBAVNAGF RA GQN
FBHEyN ENPRBAF BA GQN FHEOwyN BO GQN yBVNG–
�Rlr- mN wRV GB yBAFGEwRA GQN CEBCNEGRNF BO GQN zHFG CwEGRyUNF BO ”6f wAz GQNENOEBV zRwPABFN GQN zHFG NAIREBAVNAG BO RGF yBVw wAz
ANwE]FHEOwyN UwLNE wG wEBHAz GQN NAz BO GQN iBHGQNEA FHVVNE BO GQN yBVNG–
cdsgnMr- mN CNEOBEVNz FCNyGEBCBUwERVNGERy BxFNEIwGRBAF OBE ”6f zHFG BINE Wfi‘‘‘-8fi‘‘‘ : HFRAP GQN qie+lNEL bwEPN jNUNFyBCN RA
vwAHwEL-cwEyQ —‘0” “CQwFN wAPUN EwAPRAP −—”|-4|¯– mN NKwVRANz GQN BCGRywU xNQwIRBHEF BO GQN zHFGfi JQRyQfi GBPNGQNE JRGQ hBFNGGw
yBUBHE zwGwfi JNEN HFNz GB FNwEyQ OBE zHFG NIBUHGRBA JRGQ yBVNGByNAGERy zRFGwAyN– cBzNUURAP JwF wUFB yBAzHyGNz GB RzNAGROL GQN zHFG
wGGERxHGNF yBVCwGRxUN JRGQ GQN ENFHUGF–
hdrtjsr- jQN FCNyGEwU zNCNAzNAyN BO GQN CBUwERFwGRBA zNPENN BO ”6f zHFG RF ,wGGNE GQwA OBHAz RA BGQNE zLAwVRywU PEBHCF BO yBVNGF RA
FRVRUwE BxFNEIRAP PNBVNGEL– jQN zNCGQ BO RGF ANPwGRIN CBUwERFwGRBA xEwAyQ wCCNwEF GB xN w xRG FQwUUBJNE GQwA RA UBAP]CNERBz yBVNGF
wAz VRPQG xN PNGGRAP FQwUUBJNE wF ”6f ENCNwGF RGF wCCwERGRBAF– uGF zHFG yBUBHE FQBJF w yQwAPN RA FUBCN wEBHAz 4fi4‘‘ :fi “06–2 ≤ 0–W¯
wAz “0‘–8 ≤ ‘–”¯ ; “0fi‘‘‘ :¯≈0 OBE FQBEGJwEz wAz UBAPJwEz BO GQN JwINUNAPGQfi ENFCNyGRINULfi JQRyQ wEN FURPQGUL ENzzNE xHG xEBwzUL
yBAFRFGNAG JRGQ GQN wINEwPN BO vHCRGNE]rwVRUL yBVNGF–
onAyjtrRnAr- exFNEIwGRBAF BO ”6f zHFG RA GQRF FGHzL ywA xN wGGERxHGNz GB zHFG wPPUBVNEwGNF BO −0‘‘ /V RA FRMN zNGNyGNz xL hBFNGGw RA
NwEUL —‘0”– � CBEBFRGL BO ”‘; FQBJF GQN xNFG VwGyQ JRGQ BHE CBUwERVNGERy ENFHUGFfi LRNUzRAP w zHFG zNAFRGL BO −66‘ TP V≈2– YBVCRUwGRBA
BO hBFNGGw wAz BHE zwGw RAzRywGNF GQN zHFG&F ENzzNARAP JRGQ RAyENwFRAP AHyUNHF zRFGwAyNfi JQRyQ VwL xN zERINA xL JwGNE]RyN FHxURVwGRBA
wF GQN zHFG VBINF BHG BO GQN AHyUNHF– mN NFGRVwGN GQN CBFFRxUN IBUHVN OEwyGRBA BO JwGNE RyN RA GQN RARGRwUUL NSNyGNz zHFG wF −” ; “R–N–
GQN ENOEwyGBEL]GB]RyN IBUHVN EwGRB BO −0W¯–

adL vBDzr: YBVNGF# PNANEwU - YBVNGF# RAzRIRzHwU# ”6f+YQHELHVBI]sNEwFRVNATB - cNGQBzF# BxFNEIwGRBAwUfi AHVNERywU - jNyQ]
ARDHNF# CBUwERVNGERyfi FCNyGEBFyBCRy

.: uAsDBztysRBA

jQN GJB]LNwE ENAzNMIBHF JRGQ yBVNG ”6f+YQHELHVBI]
sNEwFRVNATB “QNENwOGNE ”6f¯ xL GQN qi�+hBFNGGw FCwyNyEwOG
OEBV 2–”‘ wH RAxBHAz BA —‘0W �HPHFG ” GB 2–72 wH BHGxBHAz
BA —‘0” iNCGNVxNE 2‘ CEBIRzNF wA HACENyNzNAGNz zwGwxwFN BO
yBVNGwEL zHFG– uA CwEGRyHUwEfi GQN BAxBwEz cRyEB]uVwPRAP ZHFG
�AwULFRF iLFGNV “cuZ�i¯ HAEwINUF w QRNEwEyQRywU AwGHEN BO
GQN yBVNGwEL zHFG# �0‘‘]VRyEBVNGEN zHFG wPPUBVNEwGNF yBAFRFG
BO −GNAF BO VRyEBVNGEN zHFG wPPENPwGNFfi JQRyQ wEN RA GHEA
yBVCERFNz BO FBURz FHx]VRyEBVNGEN zHFG PEwRAF “VBABVNEF¯ BO
FRVRUwE FRMN wF RAGNEFGNUUwE zHFGfi QRPQURPQGRAP GQN RVCBEGwAyN BO
zHFG NIBUHGRBA RAzRPNABHF GB BHE CUwANGwEL FLFGNV “XNAGUNL NG wU–
—‘0”Å cwAANU NG wU– —‘0”fi —‘08¯– jQN wPPENPwGNF BE wPPUBV]

ε �UNKwAzNE IBA tHVxBUzG fBFGzByGBEwU rNUUBJ

NEwGNF ywA xN yUwFFR[Nz xL GQN VNyQwARywU FGENAPGQ CNEGRANAG
GB GQNRE CBEBFRGL “rHUUN NG wU– —‘0”Å s)GGUNE NG wU– —‘08¯– jQN
CENIwRURAP PEBHC BO zHFG CwEGRyUNF RA GQN yBVw IwERNF RA GQN
CBEBFRGL “GQN IBUHVN BO IBRzF RA w CwEGRyUN¯ JRGQ GQN yBVNG&F
FNwFBA “bBAPBxwEzB NG wU– —‘—‘¯fi RAzRywGRAP GQwG GQN FBHEyN
ENPRBAF wyGRIwGNz RA zRffiNENAG BExRGwU CBFRGRBAF QwIN zRffiNENAG
CEBCNEGRNF– exFNEIwGRBAF FQBJRAP FHyQ FNwFBAwU NffiNyGF GQHF
NVCQwFRFN GQN RVCBEGwAyN BO yBAFGEwRARAP GQN CEBCNEGRNF BO GQN
NSNyGNz zHFG CwEGRyUNF wF zRwPABFGRyF OBE GQN zHFG NAIREBAVNAG
wyEBFF GQN AHyUNHF FHEOwyN “cwEFyQwUU NG wU– —‘—‘ wAz ENONENAyNF
GQNENRA¯–

jQN yBBEzRAwGNz PEBHAz]xwFNz ywVCwRPA BO ”6f Qwz FHC]
CUNVNAGNz GQN hBFNGGw BxFNEIwGRBAF GQEBHPQBHG GQN VRFFRBA
CQwFN xL VBARGBERAP UwEPN]FywUN “�0‘2 TV RA yBVNGByNAGERy
zRFGwAyN¯ yBVNG wyGRIRGL RA IwERBHF BxFNEIRAP VBzNFfi FHyQ wF

�EGRyUN AHVxNEfi CwPN 0 BO 04



�<� CEBBOF# VwAHFyERCG AB– ”6fYsélbjéFCCBUéLTJBAéENIéGJByBU

CQBGBVNGELfi FCNyGEBFyBCLfi wAz CBUwERVNGELfi wG zRffiNENAG FCNy]
GEwU zBVwRAF “FNN jwxUN 0 RA iABzPEwFF NG wU– —‘06 OBE GQN
FHVVwEL¯– jQN ywVCwRPA wRVNz GB HAzNEFGwAz xNGGNE wAz HU]
GRVwGNUL OBEPN w yBVCENQNAFRIN ENONENAyN BO yBVNGwEL wyGRIRGL
wAz zHFG yBAFGRGHNAGF xL URATRAP RA FRGH wAz PEBHAz]xwFNz Bx]
FNEIwGRBAF– �F w yBAFNDHNAyNfi GQN OBUUBJRAP GQENN wFCNyGF BO
”6f JNEN RzNAGR[Nz RA yBVVBA xL GQN BxFNEIwGRBAF– rREFGULfi
FGEBAP FNwFBAwU NffiNyGF BO GQN yBVNG RAzHyN zRFyNEARxUN wFLV]
VNGEL RA VwyEBFyBCRy zHFG yBVw VBECQBUBPL wAz PwF CEBzHy]
GRBA EwGNF xNGJNNA GQN CEN] wAz CBFG]CNERQNURBA CQwFNFfi JRGQ
GQN BINEwUU wyGRIRGL CNwTNz wG !0 VBAGQ RA RGF BHGxBHAz BExRG
“XBNQAQwEzG NG wU– —‘0”Å iABzPEwFF NG wU– —‘0”Å twzwVyRT NG wU–
—‘0”Å eCRGBV NG wU– —‘06Å uIwABIw NG wU– —‘06Å aARPQG NG wU–
—‘06¯– iNyBAzULfi yQwAPNF RA EwzRwU CEB[UN wAz CBUwERFwGRBA zN]
PENN BO ”6f zHFG BA NRGQNE FRzN BO GQN CNERQNURBA RAzRywGN GQwG RGF
CEN]CNERQNURBA zHFG yBVw yQwEwyGNERFGRyF yBHUz xN wGGERxHGNz GB
GQN CENFNAyN BO UwEPN]FRMNz “VRUURVNGEN]GB]yNAGRVNGEN¯ CwEGRyUNFfi
JQNENwF CwEGRyUNF zBVRAwGRAP GQN yBVw wEBHAz wAz SHFG wOGNE CNE]
RQNURBA JBHUz xN FVwUUNE wAz+BE ,H/NE zHFG “twzwVyRT NG wU–
—‘0”Å hBFNAxHFQ NG wU– —‘06¯– jQREzULfi wUU GQN wxBIN]VNAGRBANz
GEwRGF FNNV GB QwIN ENVwRANz yBAFGwAG BINE GQN UwFG GQENN wCCwER]
GRBAF “twzwVyRT NG wU– —‘0”Å eCRGBV NG wU– —‘06Å aARPQG NG wU–
—‘06¯–

ZNFCRGN GQN yBPNAG NIRzNAyN RA GQN NIBUHGRBA BO GQN PUBxwU
wyGRIRGL CwGGNEA BO ”6f wAz RGF zHFG CwEGRyUNF GQEBHPQBHG GQN CNE]
RQNURBA CwFFwPNfi GQN yQwEwyGNERFGRyF BO GQN zHFGfi CwEGRyHUwEUL RGF
CBEBFRGLfi wEN FGRUU BCNA GB xN zRFyHFFNz– � yBAFGEwRAG BA GQN
zHFG CBEBFRGL QNUCF GB xNGGNE HAzNEFGwAz GQN VNyQwARFVF BA GQN
yBVNG FHEOwyN GQwG FQwCN FHEOwyN VBECQBUBPL “bBAPBxwEzB NG wU–
—‘—‘Å cwEFyQwUU NG wU– —‘—‘¯ wAz VwyEBFyBCRy yBVw wyGRIRGL
“aJBA NG wU– —‘08¯– tBJNINEfi URVRGwGRBAF RA GQN BxFNEIRAP PN]
BVNGEL BO GQN hBFNGGw FCwyNyEwOG GQwG yBA[ANz RG GB VBFGUL GNE]
VRAwGBE BExRGF wEBHAz GQN yBVNGfi GBPNGQNE JRGQ URVRGwGRBA RA GQN
FNAFRGRIRGL BO GQN BAxBwEz zHFG wAwULFNEFfi CHG URGGUN yBAFGEwRAGF
BA GQN CEBCNEGL BO RAGNENFG “jQBVwF NG wU– —‘08¯– rBE PEBHAz]
xwFNz BxFNEIwGRBAFfi GQN OwFG xERPQGANFF zNyENwFN BO ”6f BA RGF
JwL BHGJwEz OEBV CNERQNURBA wAz w yBwEFN FCwGRwU ENFBUHGRBA BO
GQN GNUNFyBCNF HFNz “GLCRywUUL �w ONJ GQBHFwAz TRUBVNGENF¯ VwzN
RG yQwUUNAPRAP GB BxGwRA QRPQ FRPAwU]GB]ABRFN “i+d¯ RAANE yBVw
zwGw “aARPQG NG wU– —‘06¯– � FGHzL BA GQN AwGHEN BO GQN yBVNGwEL
zHFG HAzNE FHyQ yREyHVFGwAyNF GQHF ANyNFFRGwGNF wzBCGRAP xRPPNE
zRwVNGNE GNUNFyBCNF JRGQ wA N/yRNAG BxFNEIRAP FGEwGNPL OBE GQN
zHFG FGHzL–

�G GQRF SHAyGHENfi CBUwERVNGEL CEBIRzNF w IwUHwxUN wzzRGRBAwU
zRVNAFRBA BO RAGNECENGwGRBA BA GQN URPQG FywGGNENz xL yBVNGwEL
zHFG “XBQENA ´ tHffiVwA 0872¯– fBUwERFwGRBA wF wA RAGNAFRGL Ew]
GRB EN,NyGF GQN CEBCNEGRNF BO GQN FywGGNERAP zHFG CwEGRyUNFfi zRO]
ONERAP OEBV GQN RAGNAFRGL RA JRzNUL HFNz CQBGBVNGEL BE FCNy]
GEBFyBCL GQwG RF VwRAUL FNAFRGRIN GB GQN AHVxNE zNAFRGL BO GQN
zHFG CwEGRyUNF JRGQRA wA wCNEGHEN BE w FURG BO w yNEGwRA JRzGQfi
JQRyQ wUBAN GNAzF GB CEBIRzN w zNPNANEwGN FBUHGRBA BA GQN
zHFG CEBCNEGRNF– uVwPRAP CBUwERVNGEL BxFNEIwGRBAF BO GQN zHFG
BO IwERBHF yBVNGF wG zRffiNENAG CQwFN wAPUNF JNUU FQBJywFN GQN
HFNOHUANFF BO CBUwERVNGELfi FQBJRAP zRFGRAyG zHFG yBVw FGEHy]
GHENF yQwEwyGNERFNz xL zRffiNENAG GLCNF BO zHFG CwEGRyUNF BA GQN
CBUwERFwGRBA VwCfi JQRyQ JNEN RAIRFRxUN BA GQN RAGNAFRGL VwC
“hNAwEz NG wU– 088”Å twzwVyRT ´ bNIwFFNHE]hNPBHEz —‘‘2w¯–
iCNyGEBCBUwERVNGEL OHEGQNE CEBIRzNF CBUwERVNGERy wAz FCNyGEB]
FyBCRy RAOBEVwGRBA FRVHUGwANBHFULÅ GQHF wUUBJF HF GB BxGwRA GQN
RAOBEVwGRBA BO GQN CBUwERFwGRBA zNPENNfi GQN CBFRGRBA wAPUN BO CB]
UwERFwGRBAfi GQNRE IwERwGRBAF wxBHG JwINUNAPGQfi wAz zHFG yBUBHEfi
OENN BO PwF yBAGwVRAwGRBA “N–P– rRP– — RA aJBA NG wU– —‘07¯– dBG
VwAL FGHzRNF QwIN LNG xNNA VwzN RA GQRF BxFNEIRAP VBzN xN]

ywHFN BO GQN FVwUU AHVxNE BO wIwRUwxUN OwyRURGRNF wAz FVwUU URVRG]
RAP VwPARGHzNF “aRFNUNI NG wU– —‘04¯–

tNENfi JN CENFNAG ANJ FCNyGEBCBUwERVNGERy BxFNEIwGRBAF
BO yBVNG ”6f OEBV GQN qHEBCNwA iBHGQNEA exFNEIwGBEL&F
lNEL bwEPN jNUNFyBCN “lbj¯– jQN lbj&F 7]V zRwVNGNE wAz
zHwU]xNwV CBUwERVNGEL BCGRyF wUUBJ HF GB yBAzHyG FCNyGEBCB]
UwERVNGERy BxFNEIwGRBAF BO ”6f&F OwRAG yBVw “l]xwAz wCCwENAG
VwPARGHzN BO −0”–2W VwP0¯ wEBHAz GQN NAz BO RGF iBHGQNEA
FHVVNEfi JRGQ ANPURPRxUN wGVBFCQNERy NffiNyGF– mN CNEOBEVNz
BxFNEIwGRBAF wG GQENN NCByQF RA wxBHG w VBAGQUL ywzNAyN RA
NwEUL —‘0”– YBVxRARAP GQN ENFHUGF BO GQN hBFNGGw zHFG FGHz]
RNF JRGQ GQN VBzNUURAP BO BHE BxFNEIwGRBAFfi JN NFGRVwGN GQN
CBEBFRGL BO GQN zHFG CwEGRyUNF BO ”6f wAz zRFyHFF GQN CBFFRxUN
wVBHAG BO NVxNzzNz JwGNE RyN wAz GQN ENOEwyGBEL]GB]RyN EwGRB
BO GQN zHFG– iNyG– — zNFyERxNF GQN BxFNEIwGRBAwU VNGQBzF wAz
zwGw wAwULFNFfi wAz RA iNyG– 2fi JN CENFNAG GQN ENFHUGFfi JQRyQ JRUU
xN zRFyHFFNz RA iNyG– W– rRAwUULfi RA iNyG– 4fi JN CENFNAG w FHVVwEL–

1: exrdDIwsRBAr wAz zwsw wAwTLrRr

uA GQRF FNyGRBAfi JN zNFyERxN GQN BxFNEIwGRBAwU yREyHVFGwAyNF wAz
zwGw wAwULFNF– jQN SBHEAwU BO BHE BxFNEIwGRBAwU PNBVNGEL wAz
RAFGEHVNAG FNGGRAPF RF FHVVwERFNz RA jwxUN 0–

1-.- exrdDuwsRnAr

� GQENN]NCByQ BCGRywU FCNyGEBCBUwERVNGERy BxFNEIwGRBA BO yBVNG
”6f JwF yBAzHyGNz OEBV kj —‘0” vwAHwEL 0— GB cwEyQ ‘W RA wC]
CEBKRVwGNULVBAGQUL ywzNAyN HFRAP w CBUwERVNGNE wGGwyQNz GB GQN
7–‘]V zRwVNGNE lbj wG GQN fwEwAwU exFNEIwGBEL “6‘|—W$0‘$$,0mfi
—W|26$20$$,4ifi —”24 V¯ RA YQRUN– rehi— RF w VHUGR]CHECBFN BC]
GRywU RAFGEHVNAG VBHAGNz BA GQN YwFFNPEwRA OByHF BO GQN kj0
GNUNFyBCN wG lbj– � zHwU]xNwV CBUwERVNGNE—fi yBAFRFGRAP BO w EB]
GwGwxUN QwUO]JwIN CUwGN “tmf¯ wAz w mBUUwFGBA CERFV “mf¯fi RF
UBywGNz HCFGENwV BO GJB —T ∗ WT YYZ zNGNyGBEF JRGQ GQN CUwGN
FywUN BO ‘$$,0—4 CRKNU≈0 “JRGQ GQN CRKNU FRMN BO 04 ∗ 04 /V—¯
wAz GQN [NUz BO IRNJ “rBl¯ BO ”$,7 ∗ ”$,7– uA FCNyGEBCBUwERVN]
GEL “fcei¯ BxFNEIRAP VBzN JRGQ GQN FGwAzwEz ENFBUHGRBA “ih¯
yBUURVwGBEfi JN HFNz GQN — ∗ — xRAARAP OBE OwRAGNE GwEPNGF FHyQ wF
”6f wEBHAz GQRF GNEV BO BxFNEIwGRBAFfi LRNUzRAP GQN CRKNU FywUN BO
‘$$,—4 CRKNU≈0–

jQN EBGwGwxUN tmf RAGEBzHyNF w CQwFN]FQROG xNGJNNA GQN
yBVCBANAGF BO GQN NUNyGERy [NUz CwEwUUNU wAz CNECNAzRyHUwE GB
RGF BCGRy wKRF wAz EBGwGNF GQNV wG [KNz CBFRGRBAF FNCwEwGNz xL
——|–4– jQN tmf RF OBUUBJNz xL w mf JQRyQ FCURGF GQN URPQG RAGB
GJB BEGQBPBAwUUL CBUwERFNz “NKGEwBEzRAwEL wAz BEzRAwEL¯ xNwVFfi
FNCwEwGNz xL ——$$ “w mBUUwFGBA cwFT RF RAGEBzHyNz xNOBEN GQN
tmf GB wIBRz GQN BINEUwCCRAP BO GQN GJB xNwVFÅ rRP– —–6 RA
rehi— kFNE VwAHwU¯– jQN UwFG BCGRywU NUNVNAG xNOBEN GQN zN]
GNyGBE RF w PERFV “GQwG VwL xN CENyNzNz xL wA BEzNE]FNCwEwGRAP
[UGNE¯– jQN RAFGEHVNAG zNFRPA wUUBJF GQN HFNE GB RVCUNVNAG w
xNwV]FJwCCRAP GNyQARDHNfi RA JQRyQ GJB xNwVF ywEELRAP URPQG
CBUwERFNz RA BCCBFRGN zRENyGRBAF wEN FJwCCNz zHERAP wA BxFNEI]
RAP FNERNF RA JQRyQ GQN tm RF BERNAGNz wG ‘|fi ——|,4fi W4|fi wAz ”6|,4fi
– – – JRGQ ENFCNyG GB GQN CERAyRCwU CUwAN BO GQN mf– jQRF wUUBJF
BAN GB UwEPNUL FHCCENFF GQN NffiNyGF BO RAFGEHVNAGwU CBUwERFwGRBA
“N–P– XwPAHUB NG wU– —‘‘8¯– rBE BHE BxFNEIwGRBAF JN HFNz PERFV
2‘‘l JRGQ AB BEzNE]FNCwEwGRAP [UGNEfi yBINERAP GQN FCNyGEwU EwAPN
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bAsNF9 jBC QNwzNEF# cBzNfi RAFGEHVNAGwU FNGGRAPF BO FCNyGEBCBUwERVNGEL BxFNEIwGRBA “fcei¯ JRGQ GQN PERFV [UGNE “2‘‘l¯Å dfi AHVxNE BO w CwRE
BO BAN FNG BO NKCBFHENFÅ qKCGRVNfi GBGwU NKCBFHEN GRVN RA FNyBAzFÅ nfi VNwA wREVwFF JRGQ GQN EwAPN RA wREVwFF RA GQN xEwyTNGÅ Vlfi wCCwENAG GBGwU
“AHyUNHF > yBVw¯ l]xwAz VwPARGHzN CEBIRzNz xL GQN d�i�+vfb tBERMBAF FLFGNVÅ qt wAz �fi VNzRwA QNURByNAGERy wAz PNByNAGERy zRFGwAyNF RA wHfi
ENFCNyGRINULÅ <fi VNzRwA CQwFN wAPUN “wAPUN BO iHA-yBVNG-BxFNEINE¯ RA zNPENNFÅ wAz λfi VNzRwA GEHN wABVwUL RA zNPENNF–

BO −—4‘– jQN FwVN RAFGEHVNAG FNGHC JwF wzBCGNz OBE wUU GQENN
BxFNEIRAP NCByQFfi JRGQ NKCBFHEN GRVNF BO —7‘ F OBE GQN vwAHwEL
wAz 2‘‘ F OBE GQN rNxEHwEL wAzcwEyQ BxFNEIwGRBAF CNE FRAPUN NK]
CBFHENfi wyQRNIRAP GQN GBGwU NKCBFHEN GRVN BO —fi—W‘ F wAz —fiW‘‘ F
ENFCNyGRINUL– cNzRwA FNNRAP JwF ‘$$,”” OBE GQN vwAHwELfi ‘$$,47 OBE
GQN rNxEHwELfi wAz ‘$$,88 OBE GQN cwEyQ BxFNEIwGRBAF–

1-1- pwsw wAwjbrRr

uA wUU NCByQFfi JN BxGwRANz GJB FNGF BO NKCBFHENF “d & — RA jw]
xUN 0¯fi GQwG RFfi w GBGwU BO NRPQG [GF [UNF BO FRKGNNA URPQG NUNVNAGF
wG GQN NRPQG zRffiNENAG tmf CBFRGRBA wAPUNF OEBV ‘| GB 046|,4 RA
——|,4 RAGNEIwUF– � xNwV]FJwCCRAP GNyQARDHN RVCUNVNAGNz GBBT
GQN [EFG FNG wG GQN tmf wAPUN BO ‘|fi ——|,4fi W4|fi wAz ”6|,4fi wAz
GQN FNyBAz FNGfi JQRyQ JwF 8‘| EBGwGNz OEBV GQN [EFG BANfi wG GQN
tmf wAPUN BO 8‘|fi 00—|,4fi 024|fi wAz 046|,4 RA w EBJ– YBFVRy EwLF
JNEN ENVBINz HFRAP GQN b–�– YBFVRy GBBU “IwA ZBTTHV —‘‘0¯–
bwVC ywURxEwGRBA FCNyGEw “tN>0fi tPYz>—fi �E>0fi wAz �E>—¯ OBE
JwINUNAPGQ ywURxEwGRBA JNEN GwTNA HAzNE GQN RzNAGRywU BxFNEIw]
GRBAwU yBA[PHEwGRBAF “sERFVé2‘‘l¯ wOGNE GQN GwEPNG BxFNEIwGRBAF
RA — ∗ — xRAARAP VBzN– mN zRz ABG yBAzHyG ,HK ywURxEwGRBA xN]
ywHFN JN GBBT EwGRBF BO GQN URPQG NUNVNAGF GB zNERIN GQN iGBTNF
CwEwVNGNEF– mwINUNAPGQ]ywURxEwGNz FCNyGEw BO NwyQ URPQG yBVCB]
ANAG JNEN GQNA NKGEwyGNz HFRAP �f�bb RA uh�r– uA �f�bbfi GQN
xwyTPEBHAz BO NwyQ FCNyGEHV JwF [GGNz xL w URANwE OHAyGRBA wAz
GQNA GQN FCNyGEHVJwF GEwyNz xL GQN GQREz]BEzNE YQNxLFQNI OHAy]
GRBA– jQN ENFHUGwAG BAN]zRVNAFRBAwU FCNyGEHV FQBJNz GQN EBBG]
VNwA]FDHwEN “hci¯ BO −‘–‘6-‘–24 “CRKNU¯≈0– mN ENCNwGNz GQNFN
NKGEwyGRBA FGNCF HFRAP FRK zRffiNENAG wCNEGHEN FRMNF “yBEENFCBAzRAP
GB 0fi‘‘‘ TV-6fi4‘‘ TV RA yBVNGByNAGERy zRFGwAyN¯–

jQN FVwUU hci RA GQN CEN]CEByNFFRAP FGwPN yBA[EVNz GQwG
GQN FHxGEwyGRBA BO GQN FUBJUL]IwELRAP xwyTPEBHAz ONwGHEN JBETF
JNUUfi JQRUN GQN FVwUU rBl BO GQN FURG “——$$ RA JRzGQ¯ URVRGF GQN
NURVRAwGRBA BO xERPQG GNUUHERy URANFfi CwEGRyHUwEUL −4fi4‘‘fi ”fi2‘‘fi
”fi76‘fi wAz 6fi”‘‘: OBE e—fi OEBV GQN BxFNEINz zwGw– jQN ENVAwAGF
BO GQN FHxGEwyGRBA wEN zRFyNEARxUN RA GQN [AwU FCNyGEHV “rRPF– —-
W¯fi FQBJRAP FURPQG zNIRwGRBAF JRGQ UwEPNE NEEBE xwEF GQwA GQN wV]
xRNAG CBRAGF– mN zRFywEzNz GQN NzPN BO GQN JwINUNAPGQ ENPRBAF
“µ σ Wfi‘‘‘ : wAz µ β 8fi‘‘‘ :¯ GQwG FQBJNz UwEPN ,HyGHwGRBAF
wAz xRAANz GQN NKGEwyGNz zwGw CBRAGF GB QwIN w JwINUNAPGQ RAGNE]
IwU BO −4— :– mN OBHAz EwzRwU IwERwGRBAF ANRGQNE RA yBHAG ABE
FQwCN BO GQN FCNyGEw BxGwRANz JRGQ zRffiNENAG wCNEGHEN FRMNF– “rBE
RAFGwAyNfi rRPF– �–0-�–2 RA �CCNAzRK � FQBJ ANPURPRxUN zRffiNE]
NAyNF xNGJNNA GQN FCNyGEw JRGQ GQN wCNEGHEN FRMNF BO 0fi‘‘‘ TV
wAz 6fi4‘‘ TV– iCNyGEw JRGQ BGQNE wCNEGHEN FRMNF wUFB FQBJNz AB
zRffiNENAyN JRGQRA GQN HAyNEGwRAGRNF–¯ jQRF RF CEBxwxUL xNywHFN GQN
zRffiHFN xwyTPEBHAz yBVw FGEHyGHENF IRFRxUN RA GQN FTL RVwPNF BO

rRP– 0 JNEN GBB ONNxUN GB xN BxFNEINz JRGQ GQN NKCBFHEN GRVN
wCCURNz RA GQN fcei VBzNfi wUUBJRAP HF VwRAUL GB FwVCUN GQN
yNAGEwU CwEG BO GQN yBVw BO ”6f– iRAyN GQN UwEPNE GQN wCNEGHENfi GQN
VBEN FRPAR[ywAG NEEBE xNyBVNFfi JN zNyRzNz GB wAwULFN GQN FCNy]
GEHV NKGEwyGNz JRGQ GQN wCNEGHEN FRMN yBEENFCBAzRAP GB 0fi‘‘‘ TV
RA yBVNGByNAGERy zRFGwAyN–

iGBTNF CwEwVNGNEF BO GQN GBGwU RAGNAFRGL u wAz GQN URANwE CBUwE]
RFwGRBA zNPENNg wAzk JNEN zNERINz HFRAP GQN zRffiNENAyNVNGQBz
“XwPAHUB NG wU– —‘‘8¯– jQN ENzHyNz iGBTNF CwEwVNGNEF Z wAz t
JNEN ywUyHUwGNz wF

Z &
g

u
&
0
—d

d
)

R&0

)∣ e·· ≈ e∈

e·· > e∈

(

n

≈

∣ e·· ≈ e∈

e·· > e∈

(

n>W4|

[

φ “0¯

wAz

t &
k

u
&
0
—d

d
)

R&0

)∣

e·· ≈ e∈

e·· > e∈

(

o

≈

∣

e·· ≈ e∈

e·· > e∈

(

o>W4|

[

φ “—¯

JQNEN d RF GQN AHVxNE BO CwRE BO NKCBFHENF “d & — RA GQRF FGHzL¯Å
e·· wAz e∈ zNABGN GQN CQBGBA yBHAGF BO BEzRAwEL wAz NKGEwBEzRAwEL
EwLF wG NwyQ tmf CBFRGRBA wAPUN αÅ α & n × ‘| wAz 8‘| OBE Z
NFGRVwGRBAfi JQRUN α & o × ——|,4 wAz 00—|,4 OBE t NFGRVwGRBAÅ wAz
iGBTNF ufi GQN GBGwU RAGNAFRGLfi ywA xN NKCENFFNz wF
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JQNEN S RF GQN NRPQG tmf CBFRGRBA wAPUNF BO ‘|fi ——|,4fi –––fi 046|,4
RA �+7 RAGNEIwUF– iRAyN JN zRz ABG VwTN wxFBUHGN ,HK ywURxEwGRBA
RA GQRF FGHzLfi GQN VHUGRCURywGRIN OwyGBE “0+W¯ RA qD– 2 RF BO URGGUN
RVCBEGwAyN– jQN HFwPN BO EwGRBF xNGJNNA NKGEwBEzRAwEL wAz BEzR]
AwEL EwL ,HKNF “FCURG xL GQN mf¯ RA qD– 0 wUUBJF HF GB ENVBIN
RAFGEHVNAGwU NffiNyGF FHyQ wF ,wG [NUzRAP wAz GQN yQwAPN RA FTL
GEwAFCwENAyL xNGJNNA NKCBFHENF “XwPAHUB NG wU– —‘‘8¯–

jQN zNERINz ENzHyNz iGBTNF CwEwVNGNEF JNEN GQNA yBEENyGNz
OBE GQN JwINUNAPGQ]zNCNAzNAG zNIRwGRBA BO GQN tmf CBFRGRBA
wAPUN OEBV GQN ABVRAwU wAPUN “R–N– yQEBVwGRFVÅ XwPAHUB NG wU–
—‘‘8¯ HFRAP GQN NDHwGRBAF BO

Z$ & Z yBF —ν > t FRA —ν
t$ & ≈Z FRA —ν > t yBF —ν φ

“W¯

JQNEN ν RF GQN zNIRwGRBA wAPUN GwxHUwGNz RA GQN rehi— HFNE VwA]
HwU wAz GQN JNxCwPN2– dNKGfi JN yBEENyGNz OBE GQN JwINUNAPGQ]
zNCNAzNAG RAFGEHVNAGwU CBUwERFwGRBAF ZRAFG wAz tRAFG HFRAP qD– 6 RA
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�<� CEBBOF# VwAHFyERCG AB– ”6fYsélbjéFCCBUéLTJBAéENIéGJByBU

YRTBGw NG wU– “—‘06¯ wAz yBAINEGNz GQN iGBTNF CwEwVNGNEF RA GQN
RAFGEHVNAG ENONENAyN FLFGNV GB GQN yNUNFGRwU ENONENAyN FLFGNV wF
OBUUBJF#

Z$$ & “Z$ ≈ ZRAFG¯ yBF —> > “t$ ≈ tRAFG¯ FRA —>
t$$ & ≈“Z$ ≈ ZRAFG¯ FRA —> > “t$ ≈ tRAFG¯ yBF —> φ

“4¯

JQNEN > zNABGNF GQN mf CBFRGRBA wAPUNfi yBHAGNz yBHAGNEyUByT]
JRFN OEBV dBEGQ GB NwFGJwEzfi JQRyQ yBEENFCBAzF GB GQN QNwzNE
TNLJBEz BO �Z�–fei�ds– jQN OEwyGRBA BO URANwE CBUwERFwGRBA
“R–N– GQN CBUwERFwGRBA¯ wAz RGF CBFRGRBA wAPUN wEN GQNA NKCENFFNz wF
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JQNEN CNffi RF GQN CBUwERFwGRBA N/yRNAyL wG NwyQ JwINUNAPGQ–
iRAyN GQN CNffi JwF VNwFHENz wG zRFyENGN JwINUNAPGQF BO Wfi04‘-
0‘fi464 :fi JN RAGNECBUwGNz GQN GENAz URAN BO GQN CNffi GB BxGwRA GQN
IwUHN wG BHE JwINUNAPGQ CBFRGRBAF–

uA FBUwE FLFGNV FyRNAyNfi GQN CBUwERFwGRBA RF HFHwUUL NKCENFFNz
RA w ENONENAyN FLFGNV JQBFN ENONENAyN zRENyGRBA RF CNECNAzRyH]
UwE GB GQN FywGGNERAP CUwAN “w CUwAN yBAGwRARAP GQN iHA-yBVNG-
qwEGQ¯– mN GQHF GEwAFOBEVNz f wAz πf “VNwFHENz JRGQ ENFCNyG GB
GQN NDHwGBERwU FLFGNV¯ RAGB GQN ENONENAyN FLFGNV HFRAP

fE & f yBF“—πE¯ φ “7¯
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JQNEN χ ENCENFNAGF GQN CBFRGRBA wAPUN BO GQN FywGGNERAP CUwANfi
GQN FRPA BO JQRyQ “≤ RA qD– 8¯ JwF yQBFNA GB FwGRFOL ‘ ∼ “χ ≤
�+—¯ ∼ � “YQNEABIw NG wU– 0882¯– πE ywA xN HFNz GB yQNyT GQN
ENURwxRURGL BO GQN zwGw wF OBUUBJF– uA w EwAzBV zRFGERxHGRBA BO
GQN yBVw zHFGfi πE − 8‘| “−‘|¯ RF NKCNyGNz JQNA GQN CBUwERFwGRBA
INyGBE wURPAF CNECNAzRyHUwE “CwEwUUNU¯ GB GQN FywGGNERAP CUwANfi
wAz GQN ENFHUGwAG fE xNyBVNF CBFRGRIN “ANPwGRIN¯– kAyNEGwRAGRNFfi
RAyUHzRAP CQBGBA]ABRFN BA f “qD– 2 RA XwPAHUB NG wU– —‘06¯ wAz
GQN yBAINEFRBA GB fEfi JNEN NFGRVwGNz xL OBUUBJRAP FGwAzwEz
NEEBE CEBCwPwGRBA VNGQBzF– uA BHE zwGwFNGFfi CBRAGF OENN OEBV GQN
ENVAwAG BO VwSBE GNUUHERy URANF “−4fi4‘‘fi ”fi2‘‘fi ”fi76‘fi wAz 6fi”‘‘
: OBE e—¯ NAwxUNz HF GB ENGERNIN ENURwxUN fE IwUHNFfi FQBJRAP GQN
wCCEBCERwGN πE wURPAVNAGF wF NKCNyGNz–

2: hdrtTsr

rRP– 0 FQBJF FTL RVwPNF BO ”6f wG GQENN NCByQF BxGwRANz
OEBV w FRAPUN NKCBFHEN– jQN yBVw FGEHyGHEN RF QRPQUL wFLV]
VNGERyfi FQBJRAP FBHGQNwFGNEA wAz FHAJwEz SNGF JRGQ ONNxUN
zHFG GwRUF xBGQ RA GQN wAGR]FBUwE “≈o◦¯ wAz ANPwGRIN INUBy]
RGL “≈t¯ zRENyGRBAF– jQN ANyT]URAN FGEHyGHEN JwF IRFRxUN wG wUU
NCByQFfi xHG VBFG yUNwEUL RA cwEyQ– uG FGENGyQNF HC GB −—–8
∗ 0‘4 TV RA GQN FTL CUwAN xNLBAz GQN [PHENfi wF yBA[EVNz
xL CENIRBHF PEBHAz]xwFNz BxFNEIwGRBAF “iABzPEwFF NG wU– —‘06Å
hBFNAxHFQ NG wU– —‘06Å aARPQG NG wU– —‘06¯– uA GQRF FNyGRBAfi JN
CENFNAG GQN zNCNAzNAyNF BO ”6f&F fE “qD– 7¯ BA JwINUNAPGQ “iNyG–
2–0¯ wAz CQwFN wAPUN “iNyG– 2–—¯fi wAz GQN zNCNAzNAyN BO GQN RA]
GNAFRGL “qD– 2¯ BA JwINUNAPGQ “R–N– yBUBHEÅ iNyG– 2–2¯–
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rge9 09 iTL RVwPNF BO ”6f BxGwRANz OEBV w FRAPUN NKCBFHEN– jQN CQwFN
wAPUN wAz NDHRIwUNAG [UGNE EwAPN wEN CEBIRzNz BA GBC BO NwyQ [PHEN–
fwANU “w¯ JwF BxGwRANz JRGQ wA 0—‘]FNy NKCBFHENfi JQRUN CwANUF “x¯ wAz
“y¯ JNEN BxGwRANz JRGQ w ”‘]FNy NKCBFHEN– fwANUF “w¯ wAz “x¯ yBINE GQN
rBl BO 0$,‘ ∗ 0$,‘fi JQRUN CwANU “y¯ FCwAF —$,‘ ∗ 0$,— GB NAyBVCwFF GQN ANyT]
URAN FGEHyGHEN– dBEGQ RF HC wAz NwFG GB GQN UNOG– jQN UNINU BO xERPQGANFF
JwF RAINEGNz wAz wExRGEwERUL wzSHFGNz GB NAQwAyN JNwT yBVw FGEHyGHENF–
jQN 0fi‘‘‘]TV]FRMNz wCNEGHEN wCCURNz RA GQRF FGHzL RF BINEUwRz wF w Vw]
PNAGw xBKfi yBINERAP GQN RAANE yBVw CwEG– jQN FBURz wAz zwFQNz wEEBJF
zNABGN GQN iHA-yBVNG EwzRHF INyGBEF wAz GQN yBVNG&F ANPwGRIN QNURByNA]
GERy INUByRGL INyGBEFfi ENFCNyGRINUL– XwyTPEBHAz FGEHyGHENF wEN NRGQNE FGwEF
BE yBFVRy EwLF–

2-.- pdCdAMdAyd nO sgd CnjwDRrwsRnA MdPDdd nA vwudjdAPsg

rRPF– —-W FQBJ GQN JwINUNAPGQ zNCNAzNAyN BO GQN CBUwERFwGRBA
zNPENNfi fE“µ¯fi BO ”6f zHFG BA kj —‘0” vwA 0—fi rNx ‘Wfi wAz cwE
‘Wfi ENFCNyGRINUL– mNRPQGNz VNwA wAz NEEBE BO GQN πE CBRAGF BINE
Wfi‘‘‘-8fi‘‘‘ : wEN wUFB CEBIRzNz RA CwANU “x¯ BO NwyQ [PHEN GB
yQNyT GQN ENURwxRURGL BO zwGw CEByNFFRAP– uA vwAHwEL “rRP– —¯fi GQN
zHFG&F CBUwERFwGRBA CBFRGRBA wAPUN RF wURPANz GB GQN CNECNAzRyHUwE
zRENyGRBA GB GQN FywGGNERAP CUwAN “πE − ‘|¯fi FHyQ GQwG GQN ENFHU]
GwAG fE QwF w CBFRGRIN FRPAfi JQRUN fE BO ”6f zHFG RA rNxEHwEL
wAz cwEyQ “rRPF– 2 wAz W¯ QwF w ANPwGRIN FRPA xNywHFN BO GQN
CBUwERFwGRBA INyGBE wUBAP GQN FywGGNERAP CUwAN “πE − 8‘|¯– qK]
yNCG OBE FNINEwU zNIRwGRAP CBRAGF JRGQ UwEPN NEEBE xwEF zHN GB
GQN ENVAwAGF BO GQN FTL NVRFFRBA URANF “iNyG– —–—¯fi JN zB ABG
[Az wAL PwF NVRFFRBA URAN ONwGHENF wG wUU NCByQF– jQRF RF yBA]
FRFGNAG JRGQ GQN wxFNAyN BO w FCQNERywU PwF yBVw FGEHyGHEN RA
GQN FTL RVwPNF “rRP– 0¯ wAz wUFB JRGQ GQN ENFHUGF BO GQN FCNy]
GEBFyBCRy FGHzL HFRAP GQN lbj+rehi— JRGQ GQN UBAPNE NKCBFHEN
GRVN “2‘‘-”‘‘ FNy¯ GwTNA BA kj —‘0” cwE ‘W “eCRGBV NG wU–
—‘06¯– �UGQBHPQ eCRGBV NG wU– “—‘—‘¯ UwGNE [Az GQN JNwT JwGNE]
FHxURVwGRBA]zERINA äeufl NVRFFRBA wG ”fi2‘‘ : wEBHAz GQN AHyUNHF
RA —‘0”cwEyQ RA lbj&F RAGNPEwU [NUz HARG FCNyGEBPEwCQ “ckiq¯
zwGwfi GQRF URAN RF BINEUwCCNz JRGQ GQN FTL NVRFFRBA URANfi GQHF zRO]
[yHUG OBE BHE zwGw GB zRFyERVRAwGN GQN GJB URANF–
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rge9 19 fE BO ”6f zHFG RA ; “w¯ wAz GQN VNwA wAz 0]ρ NEEBE BO GQN CB]
FRGRBA wAPUN BO fE JRGQ ENPwEz GB GQN FywGGNERAP CUwAN “πE¯ wF w OHAyGRBA
BO JwINUNAPGQ “x¯ BxFNEINz wG < & —”|,W BA kj —‘0” vwA 0—– jQN xUwyT
CBRAGF RA CwANU “w¯ wEN xRAANz GB QwIN JwINUNAPGQ RAGNEIwUF BO −4— :–
jQN UwEPN NEEBE xwEF ENFHUG OEBV GQN ENVAwAGF BO GQN FTLURANF GQwG JNEN
ABG CNEONyGUL FHxGEwyGNz zHN GB GQN URVRGNz FURG JRzGQ– jQN ENz FBURz wAz
HCCNE wAz UBJNE zwFQNz URANF RA CwANU “x¯ RAzRywGN GQN JNRPQGNz VNwA
BO πE “πEφwIP¯ wAz RGF NEEBE “GQN FGwAzwEz zNIRwGRBA zRIRzNz xL GQN FDHwEN
BO GQN AHVxNE BO GQN zwGw CBRAGF¯fi ENFCNyGRINUL– jQN xUwyT URAN VwETF πq
& ‘|fi GQN NKCNyGNz IwUHN JQNA GQN zHFG RF zRFGERxHGNz EwAzBVUL RA GQN
yBVw–

uA BEzNE GB DHwAGROL GQN FCNyGEwU zNCNAzNAyN BO fEfi JN VwTN
w URANwE UNwFG]FDHwEN [GGRAP– iRAyN GQN yBVNG&F OwRAGANFF VwTNF
GQN zwGw CBRAGF wG xBGQ NAzF BO GQN yBINENz JwINUNAPGQ EwAPN
,HyGHwGRAPfi JN HFN BAUL GQN RAGNEVNzRwGN CBRAGF RA GQN Wfi44‘-
6fi4”‘ : ENPRBA OBE [GGRAP wAz wCCUL GQN FBUHGRBA GB GQN JQBUN
JwINUNAPGQ EwAPN “Wfi‘‘‘-8fi‘‘‘:¯– jQN yBAyNCG BO _fBUwERVNGERy
yBUBHE “fY¯& RF zN[ANz wF

fY &
�fE

�µ
&
fE“µ—¯ ≈ fE“µ0¯

µ— ≈ µ0
φ “0‘¯

JQNEN fE“µ0¯ wAz fE“µ—¯ wEN GQN fE IwUHNF RA CNEyNAG VNwFHENz wG
GQN JwINUNAPGQF BO µ0 & Wfi44‘ : wAz µ— & 6fi4”‘ :fi ENFCNyGRINUL–
YBAINAGRBAwUULfi w CBFRGRIN fY RF UwxNUNz wF ENzfi wAz w ANPwGRIN
fY RF UwxNUNz wF xUHN– mRGQ GQN URANwE NDHwGRBAF BO w ±µ>afi JQNEN
w wAz a wEN GQN FUBCN wAz L]RAGNEyNCG BO GQN [GGRAP OHAyGRBAfi JN
BxGwRA GQN fY# “‘–0W ≤ ‘–‘7¯ ; “0fi‘‘‘ :¯≈0 OBE rRP– —Å “≈‘–‘2 ≤
‘–‘6¯ ; “0fi‘‘‘ :¯≈0 OBE rRP– 2Å wAz “‘–‘2 ≤ ‘–0—¯ ; “0fi‘‘‘ :¯≈0

OBE rRP– W– fEBIRzNz GQwG JN NKyUHzN GQN zNIRwGRAP zwGw CBRAGF BA
GQN FQBEG]NAz JwINUNAPGQ OEBV yBAFRzNEwGRBA “CwEGRyHUwEUL FNINEN
RA cwEyQ wG µ σ 4fi‘‘‘ : zHN GB GQN UBJ xERPQGANFF BO GQN yBVNG¯fi
GQN fY IwUHNF BA NRGQNE FRzN BO 4fi4‘‘ : “GQN JwINUNAPGQ wEBHAz
JQRyQ GQN zHFG yBUBHE yQwAPNF RGF FUBCNÅ iNyG– 2–2¯ wEN yBAFRFGNAG
JRGQRA GQN NEEBE EwAPNF JRGQ GQBFN BxGwRANz OEBV w GBGwU JwIN]
UNAPGQ yBINEwPN–

dNKGfi JN yBVCwEN ”6f&F FCNyGEwU zNCNAzNAyN BO fE JRGQ
GQBFN BO BGQNE yBVNGF GwTNA wG w FRVRUwE EwAPN BO <– fY BO GQN
yBVNGwEL zHFG zNCNAzF BA <– uA PNANEwUfi OBE VBFG yBVNGFfi GQN
fY RF ENz BINE GQN JwINUNAPGQ BO RAGNENFG wG < = —4|fi wEBHAz
JQRyQ GQN fY RF ENUwGRINUL ANHGEwU xHG DHRyTUL RAyENwFNF GQN
FUBCN wF < RAyENwFNF– jQN fY wG < ∆ —‘| GNAzF GB xN FURPQGUL
xUHN “aBUBTBUBIw NG wU– —‘‘WÅ aRFNUNI NG wU– —‘04¯– rRP– 4 FQBJF
GQN fE zRFGERxHGRBA BO yBVNGwEL zHFG BA GQN JwINUNAPGQ wG GQN
< EwAPN BO ‘|-24| wzBCGNz OEBV GQN d�i�+fZi yBVNG CBUwER]
VNGERy wEyQRIN “aRFNUNI NG wU– —‘06¯ wAz XwPAHUB NG wU– “—‘—0¯–
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rge9 29 iwVN wF rRPHEN —fi xHG wG < & 07|,W6 BA kj —‘0” rNx ‘W– jQN xUwyT
URAN RAzRywGNF πq & 8‘|fi GQN NKCNyGNz IwUHN JQNA GQN zHFG RF zRFGERxHGNz
EwAzBVUL RA GQN yBVw–
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(

=J( P % 4α�U8

Te 1)05 bJn )U

rge9 l9 iwVN wF rRPHEN —fi xHG wG < & 4|,W8 BA kj —‘0” cwE ‘W– jQN xUwyT
URAN RAzRywGNF πq & 8‘|fi GQN NKCNyGNz IwUHN JQNA GQN zHFG RF zRFGERxHGNz
EwAzBVUL RA GQN yBVw–

mN FNUNyG zwGw BAUL GwTNA JRGQ GQN AwEEBJ]xwAz yBAGRAHHV [U]
GNEF wAz wG VHUGR]JwINUNAPGQ “DHwFR]¯FRVHUGwANBHFUL “R–N– wG UNwFG
BA GQN FwVN zwL¯ GB VRARVRFN GQN CBFFRxUN PwF yBAGwVRAwGRBA
wAz FLFGNVwGRy zRffiNENAyN RAzHyNz xL GQN AHyUNHF EBGwGRBA– iRAyN
GQN kY AwEEBJ]xwAz [UGNE “2fi”4”+7W :¯ FBVNJQwG FHffiNEF OEBV
Y2 NVRFFRBA “aRFNUNI ´ lNURyQTB 088”¯fi JN OByHF BA GQN JwIN]
UNAPGQ zNCNAzNAyN RA GQN EwAPN BO βWfi‘‘‘ :–

uA rRP– 4fi JN ywA FNN w yQwAPN BO FRPA BO fY wEBHAz GQN
INEGRywU zwFQNz URAN OEBV ANPwGRIN wG < ! ——| “GQN ANPwGRIN CBUwE]
RFwGRBA xEwAyQÅ dfX¯ GB CBFRGRIN wG UwEPNE < “GQN CBFRGRIN CBUwE]
RFwGRBA xEwAyQÅ ffX¯fi wF NKCNyGNz “aRFNUNI NG wU– —‘04¯– XBGQ RA
CEN] wAz CBFG]CNERQNURBA CQwFNFfi GQN yBVNGFfi ENPwEzUNFF BO GQNRE
zLAwVRywU PEBHCFfi GNAz GB OBUUBJ GQRF PNANEwU GENAz– eA GQN BGQNE
QwAzfi ”6f zHFG FQBJF w VHyQ ,wGGNE fY xBGQ RA GQN dfX wAz
ffX GQwA BGQNE yBVNGFfi CwEGRyHUwEUL yBVCwENz GB ABA] wAz UBAP]
CNERBz yBVNGF–

�EGRyUN AHVxNEfi CwPN 4 BO 04



�<� CEBBOF# VwAHFyERCG AB– ”6fYsélbjéFCCBUéLTJBAéENIéGJByBU

rge9 49 jQN CBUwERVNGERy yBUBHE “fY¯ BO yBVNGF BINE GQN < EwAPN BO
‘|-24|– �UU zwGw CBRAGF NKyNCG ”6f RA GQRF FGHzL wEN DHBGNz OEBV
GQN d�i�+fZi yBVNG CBUwERVNGERy wEyQRIN “aRFNUNI NG wU– —‘06¯ wAz
XwPAHUB NG wU– “—‘—0¯– fwANUF “w¯ wAz “x¯ CENFNAG GQN zwGw RA CEN] “07‘|

σ λ σ 24‘|fi JQNEN λ VNwAF GQN GEHN wABVwUL¯ wAz CBFG]CNERQNURBA “0‘|

σ λ ∼ 07‘|¯fi ENFCNyGRINUL– jQNEN wEN AB wIwRUwxUN CBRAGF wEBHAz GQN CNER]
QNURBA “24‘| ∼ λ ∼ 0‘|¯– hNz yREyUNF BO ”6f wEN BxGwRANz OEBV GQN UNwFG]
FDHwEN URANwE [G BO ”6f zHFG “rRPF– —-W¯fi wAz GQNRE NEEBE xwEF RAzRywGN 0]
ρ HAyNEGwRAGRNF BO GQN [GGRAP– XUwyT BCNA FLVxBUF wEN zNERINz OEBV GQN
yBVNG zwGw BxFNEINz xL wCNEGHEN CBUwERVNGERy BxFNEIwGRBAF– jQHFfi GQN
NEEBE xwEF BO GQNRE fYF wEN zNERINz OEBV GQN NEEBE CEBCwPwGRBA BO fE IwU]
HNF VNwFHENz wG zRFyENGN JwINUNAPGQ CBRAGF– _swEEwzz_ wAz _budq�h_
zNABGN yBVNGF Y+—‘‘8 f0 “swEEwzz¯ wAz Y+—‘‘‘ mc0 “budq�h¯fi EN]
FCNyGRINUL–

2-1- pdCdAMdAyd nO sgd CnjwDRrwsRnA MdPDdd nA Cgwrd wAPjd

bBJ wUxNzBF wAz wPPENPwGN FGEHyGHENF BO yBVNGwEL zHFG UNwz
GB w PNANEwU < zNCNAzNAyN BO fEfi CwEwVNGNERFNz xL w FQwUUBJ
dfX JRGQ wA wINEwPN VRARVHV CBUwERFwGRBA fVRA ⊥ ≈0–4 ; wG
<VRA ⊥ 0‘|fi wAz wA RAINEFRBA wAPUN JQNEN fE yQwAPNF RGF FRPA
OEBV ANPwGRIN GB CBFRGRIN wG <‘ ⊥ ——|fi wAz w xNUU]FQwCNz ffX
JRGQ w VwKRVHV CBUwERFwGRBA fVwK ⊥ —4-2‘ ; wG <VwK − 84| RA
GQN JwINUNAPGQ ENPRBA JN wEN RAGNENFGNz RA “aRFNUNI NG wU– —‘04¯–
jQN VBFG CEBxwxUN NKCUwAwGRBA OBE GQN yQwAPN BO fE&F FRPA RF
GQwG GQN RAGNEONENAyN NffiNyGF xNGJNNA GQN VHUGRCUN]FywGGNENz URPQG
wEBHAz GQN xwyT]FywGGNERAP ENPRBA LRNUzF GQN yQwAPN BO GQN wURPA]
VNAG BO GQN CBUwERFwGRBA INyGBE CwEwUUNU GB GQN FywGGNERAP CUwAN
“cHRABANA NG wU– —‘04¯–

mN [EFG yBVCRUN wUU fE BO ”6f zHFG OEBV GQN d�i�+fZi
yBVNG CBUwERVNGERy wEyQRIN “aRFNUNI NG wU– —‘06¯ GB yBVCwEN GQN
CQwFN wAPUN zNCNAzNAyN JRGQ BHE zwGw– sRINA GQwG GQN VwSBERGL
BO GQN wEyQRIwU zwGw JNEN GwTNA RA GQN hNz zBVwRA “yNAGEwU JwIN]
UNAPGQ BO ”fi—‘‘-6fi2‘‘ :¯ wAz GQwG GQN QRPQNFG i+d RA BHE zwGw
JwF wyQRNINz RA GQN 4fi‘‘‘-6fi‘‘‘ : EwAPN JRGQ ,wG JwINUNAPGQ
zNCNAzNAyN “rRPF– —-W¯fi JN zNyRzN GB HGRURFN GQN wEyQRIwU zwGw
GwTNA RA GQN hNz zBVwRA– mN GQHF GwTN GQN JNRPQGNz VNwA BO BHE
zwGw CBRAGF BINE 4fi‘‘‘-6fi‘‘‘ : wG NwyQ NCByQ wAz HFN GQN ENFHUG
wF w ABVRAwU IwUHN– eAUL AwEEBJ]xwAz fE wAz GQN zwGw CEBINA GB
xN OENN OEBV PwF yBAGwVRAwGRBA RA GQN hNz zBVwRA wEN FNUNyGNz
OEBV GQN wEyQRIN OBE GQN wAwULFRF– jQN wEyQRIwU zwGw QwIRAP NR]
GQNE INEL FVwUU BE UwEPN wCNEGHENF wEN NKyUHzNz– jB VRARVRFN
CBFFRxUN zNCNAzNAyN BO fE BA GQN wCNEGHEN FRMNfi JN wzBCG GQN
zwGw CBRAGF QwIRAP GQN wCNEGHEN FRMN RA GQN FwVN BEzNE BO VwP]
ARGHzN wF BHEF “0fi‘‘‘ TV RA EwzRHF¯fi ENFHUGRAP RA GQN EwAPN BO
0fi‘‘‘-0‘fi‘‘‘ TV yBVNGByNAGERy zRFGwAyN “BA wINEwPN BO −—fi2‘‘
TV¯– jQN zwGwFNG JRGQ GQN 0‘fi‘‘‘]TV]FRMNz wCNEGHEN yBVNF OEBV
iGRAFBA NG wU– “—‘0”¯fi JQNEN GQN yBVNG JwF RA RGF BHGxBHAz BE]
xRGfi FQBJRAP JNwT xHG FGwxUN yBVw wyGRIRGL– jQN UwEPN FywGGNE BO
GQNRE zwGw wyEBFF GQN [GGNz URAN FNNVF GB RAGEBzHyN AB xRwF “xUwyT
yREyUNF RA rRP– ”¯fi FHyQ GQwG JN zNyRzN GB HFN GQNV– jQN wINEwPN
fE zNCNAzNAyN BA GQN CQwFN wAPUNfi fE“<¯fi BO GQN FNUNyGNz zwGw
RF GQNA BxGwRANz HFRAP GQN NVCRERywU GERPBABVNGERy OHAyGRBA BO
bHVVN ´ cHRABANA “0882¯#

f“<¯ & a FRAb0 “<¯ yBFb—
∣

<

—

(

FRA“< ≈ <‘¯ φ “00¯

JQNEN afi b0fi b—fi wAz <‘ wEN GQN JwINUNAPGQ]zNCNAzNAG OENN Cw]
EwVNGNEF FQwCRAP GQN yHEIN–

rRP– ” FQBJF GQN ENFHUGwAG fE“<¯ BO ”6f zHFG– jQN AHVxNE
BO CEN]CNERQNURBA zwGw “BCNA FLVxBUF¯ BO ”6f RF RAFH/yRNAG GB [G
GQN GENAzfi wAz GQHF GQN GENAzF OBE GQN zwGw wF w JQBUN “FBURz yHEIN¯
wAz GQBFN RA CBFG]CNERQNURBA zwGw “zwFQNz yHEIN¯ wEN NKwVRANz–
jQN xNFG][G CwEwVNGNEF BO GQN yHEIN OBE wUU ”6f zwGw wEN a & 4—–2—
≤ —‘–76 ;fi b0 & 0–‘0 ≤ ‘–—Wfi b— & 8–88 ≤ 4–7—fi wAz <‘ & —0|,60 ≤
‘|,40– jQBFN OBE ”6f CBFG]CNERQNURBA zwGw wEN a & ”7–0‘ ≤ W‘–0‘
;fi b0 & 0–—0 ≤ ‘–2—fi b— & 8–88 ≤ 0‘–2—fi wAz <‘ & ——|,‘6 ≤ ‘|,46–
iRAyN GQN AHVxNE BO ”6f zwGw RF FVwUU wAz GQNL yBINE < σ W‘|fi
GQN HAyNEGwRAGL BO GQN [GGRAP CwEwVNGNE afi JQRyQ RF ENUwGNz GB GQN
wVCURGHzN BO GQN yHEINF “R–N– GQN VwKRVHV fE wG < − 84|¯fi xN]
yBVNF FRPAR[ywAG– jQN ENFHUG FQBJF GQwG GQN CEN]CNERQNURBA zwGw
CBRAGF wCCNwE GB xN UBywGNz RA GQN UBJNE FRzN BO GQN wINEwPN GENAz
xBGQ RA GQN dfX wAz ffX– twzwVyRT NG wU– “—‘0”¯ wGGERxHGN FHyQ
w FLFGNVwGRy fE“<¯ zRffiNENAyN BO ”6f zHFG xNGJNNA GQN CEN] wAz
CBFG]CNERQNURBA GB GQN zRffiNENAG yQwEwyGNERFGRyF BO GQN zHFG– �U]
GQBHPQ GQN FVwUU AHVxNE BO CEN]CNERQNURBA zwGw CENINAGF HF OEBV
VwTRAP RA]zNCGQ wAwULFRFfi JN yBA[EV GQN yBAFRFGNAGUL UBJNE CB]
FRGRBA BO GQN CEN]CNERQNURBA zwGw JRGQ ENPwEz GB GQN [GGNz yHEINFfi
FHCCBEGRAP GQN NIBUHGRBA BO GQN zHFG CEBCNEGRNF GQEBHPQBHG GQN
CNERQNURBA CwFFwPN–

mN wUFB RAINFGRPwGN QBJ GQN fE“<¯ IwERNF JRGQ GRVN– mN FHx]
GEwyG GQN [GGNz fE wG GQN PRINA < OEBV GQN BxFNEINz “�fE & fEφBxF
≈ fEφ[GGNz¯ wAz GwTN GQN JNRPQGNz VNwA BO GQN �fE RA GQN FwVN
wCCwERGRBA– iRAyN RG RF xNGGNE GB wAwULFN GQN zwGw RA GQN dfX FNCw]
EwGNUL OEBV GQBFN RA GQN ffX “cHRABANA NG wU– —‘04¯fi JN zNURVRG
GQN < EwAPN BO σ——| GB OByHF BA GQN dfX– rRP– 6 FQBJF GQN zN]
CwEGHEN BO GQN fE BO ”6f zHFG “�fE¯ RA zRffiNENAG wCCwERGRBAF OEBV
GQN PNANEwU GENAz BO GQN CQwFN yHEIN “R–N– GQN FBURz URAN RA rRP– ”
ABJ NDHwUF �fE & ‘¯– jQN �fE wAz RGF NEEBE wEN “≈‘–2‘ ≤ ‘–0‘¯
;fi “‘–—4 ≤ ‘–02¯ ;fi wAz “‘–W” ≤ ‘–04¯ ; OBE GQN 0872fi —‘‘8fi
wAz —‘04 wCCwERGRBAFfi ENFCNyGRINUL– mN zB ABG RAyUHzN GQN CEN]
CNERQNURBA CBRAG “BCNA BEwAPN yREyUN¯ OBE GQN ENGERNIwU– �UGQBHPQ

�EGRyUN AHVxNEfi CwPN ” BO 04



o– s– aJBA NG wU–# iCNyGEBCBUwERVNGERy FGHzL BO yBVNG ”6f RA RGF —‘0” BHGxBHAz CQwFN

rge9 59 jQN CBUwERFwGRBA BO ”6f zHFG INEFHF CQwFN wAPUN– eCNA wAz
[UUNz FLVxBUF zNABGN GQN CEN] wAz CBFG]CNERQNURBA zwGwfi ENFCNyGRINUL–
XUwyT FLVxBUF wEN GQN wEyQRIwU zwGw “aRFNUNI NG wU– —‘06¯ JQNEN zRO]
ONENAG FQwCNF RAzRywGN GQN zwGwFNGF BxGwRANz xL zRffiNENAG JBETF# yRE]
yUN “cLNEF ´ dBEzFRFNyT 087W¯fi FDHwEN “twzwVyRT NG wU– —‘0”¯fi GERwA]
PUN “twzwVyRT NG wU– —‘0‘¯fi CBULPBA “iGRAFBA NG wU– —‘0”¯fi wAz zRwVBAz
“hBFNAxHFQ NG wU– —‘06¯– hNz zRwVBAzF zNABGN BHE FCNyGEBCBUwERVNGERy
zwGw– XwyTPEBHAz PENL FLVxBUF “aRFNUNI NG wU– —‘06¯ wEN NKyUHzNz OEBV
GQN wAwULFRF zHN GB GQN FRPAR[ywAG zRffiNENAyN RA GQN wCNEGHEN FRMNF OEBV
BHEF– jQN FBURz wAz zwFQNz yHEINF RAzRywGN GQN wINEwPN zNCNAzNAyN zN]
ERINz OEBV qD– 00 OBE GQN zwGw wF w JQBUN wAz RA CBFG]CNERQNURBAfi ENFCNy]
GRINUL– jQN xNFG][G CwEwVNGNEF BO GQN yHEINF wEN CEBIRzNz RA GQN GNKG–

GQN fE“<¯ zRffiNENAyN xNGJNNA GQN UwFG GJB wCCwERGRBAF RF FGwGRFGR]
ywUUL RAFRPAR[ywAGfi JN [Az wA BINEwUU zNyENwFN RA GQN wxFBUHGN fE
IwUHNF RA GQN dfX “R–N– w zNyENwFN RA GQN zNCGQ BO GQN dfX¯ wF GQN
wCCwERGRBA CEByNNzF–

rRAwUULfi JN yBVCwEN GQN fE“<¯ BO zHFG xNGJNNA ”6f wAz BGQNE
yBVNGF– jQN AwEEBJ]xwAz zwGw “BE xEBwz]xwAz BANF HAwVxRPH]
BHFUL CEBINz GB xN OENN OEBV PwF yBAGwVRAwGRBA¯ GwTNA RA GQN
hNz zBVwRA OEBV GQN d�i�+fZi wEyQRIN “aRFNUNI NG wU– —‘06¯
wAz GQN zwGw BO wA NKGEwFBUwE yBVNGfi —u+XBERFBIfi GwTNA RA Qr [UGNE
“”fi44‘+0fi”4‘ :Å XwPAHUB NG wU– —‘—0¯ wEN HFNz OBE GQRF yBVCwE]
wGRIN FGHzL– �PwRAfi GQN wINEwPN GENAz RF NFGRVwGNz OEBV qD– 00
OBE GQN zwGw JQBFN wCNEGHEN FRMN EwAPNF OEBV −0fi‘‘‘-0‘fi‘‘‘ TV
“BA wINEwPN −Wfi‘‘‘ TV RA yBVNGByNAGERy zRFGwAyN¯– mN NKyUHzN
HARDHN yBVNGF Y+0884 e0 “twUN]XBCC¯ wAz —u+XBERFBI OEBV GQN
[GGRAP zHN GB GQNRE FRPAR[ywAG fE NKyNFF yBVCwENz GB GQN VwSBE]
RGL BO yBVNGF “twzwVyRT ´ bNIwFFNHE]hNPBHEz —‘‘2xÅ aRTHyQR
—‘‘”Å XwPAHUB NG wU– —‘—0¯ wAz GQN UwEPN wCNEGHEN FRMN “OBE twUN]
XBCC¯– rRP– 7 FQBJF GQN ENFHUGF BO GQN yBVCRUwGRBA– jQN bfY
wAz dfY FGwAz OBE UBAP] wAz ABA]CNERBz yBVNGFfi ENFCNyGRINULfi RA
JQRyQ yBVNGF HFNz wEN Y+088‘ a0 “bNIL¯fi Y+088” X— “tLwTH]
GwTN¯fi Y+—‘‘‘ mc0 “budq�h¯fi Y+—‘‘0 �— “budq�h¯fi Y+—‘‘8
f0 “swEEwzz¯fi wAz Y+—‘0‘ h0 “budq�h¯– jQN vrY wAz qjY
FGwAz OBE vHCRGNE]OwVRUL wAz qAyTN]GLCN yBVNGFfi ENFCNyGRINULfi
wAz HFNz yBVNGF wEN 06f+tBUVNFfi ”6ffi 6Wf+iVREABIw]YQNEALTQfi
67f+sNQENUFfi 04—f+tNURA]bwJENAyNfi wAz —8‘f+vwPNE– jQN CBRAGF

rge9 69 jQN zNCwEGHEN BO GQN fE BO ”6f zHFG RA NwyQ wCCwERGRBA OEBV GB
GQN wINEwPN GENAz– jQN xUwyT [GGRAP URAN RA rRP– ” ABJ yBEENFCBAzF GB
GQN QBERMBAGwU zwFQNz URANF wG �fE & ‘– jQN QBERMBAGwU FBURz URANF wAz
FQwzNz wENwF zNABGN GQN JNRPQGNz VNwA wAz NEEBEfi RA JQRyQ GQN yBUBHE
FyQNVN OBUUBJF GQN FLVxBUF RA UNPNAz– eCNA wAz [UUNz FLVxBUF zNABGN
GQN CEN] wAz CBFG]CNERQNURBA zwGw BO ”6f zHFG– eAUL CBFG]CNERQNURBA zwGw
JNEN HFNz GB NFGRVwGN �fE–

BO ”6f wEN HFNz OBE [GGRAP xHG FQBJA FNCwEwGNUL “wF ENz zRw]
VBAzF¯ OBE yBVCwERFBA JRGQ BGQNE yBVNGF– jQN yBVNG FQBJF w
FRVRUwE fE zRFGERxHGRBA JRGQ BGQNE vrY wAz qjY JRGQRA GQN VNw]
FHENVNAG HAyNEGwRAGRNF–

cBFG yBVNGF FQBJ zNIRwGRBAF OEBV GQN wINEwPN GB xBGQ zRENy]
GRBAFfi xNRAP BA GQN HCCNE wAz UBJNE CwEGF BO GQN [GGNz yHEIN– iHyQ
zRFCNEFRBA RF CwEGRwUUL w ENFHUG BO wA HAFGwxUN FGwGN RA GQN yBVNGwEL
wyGRIRGL xHG JBHUz wUFB xN GQN yBAFNDHNAyN BO BxFNEIwGRBAF VwzN
xL IwERBHF GNwVF RA FURPQGUL zRffiNENAG JwINUNAPGQ zBVwRAF “N–P–
bwFHN NG wU– —‘‘8¯– tBJNINEfi Y+0884 e0 “twUN]XBCC¯ wEBHAz RGF
CNERQNURBA “—4| σ < σ 24|¯ wUJwLF FQBJF NKyNFFRINUL QRPQ fE IwU]
HNF yBVCwENz GB GQN VwSBERGL BO yBVNGF– fE BO —u+XBERFBI FQBJF
w GLCRywU IwUHN RA GQN dfX xHG wF QRPQ wF GQBFN BO twUN]XBCC
RA GQN ffX “XwPAHUB NG wU– —‘—0¯– rBE BGQNE yBVNGFfi JN zB ABG
[Az FHyQ w FRPAR[ywAG zRffiNENAyN– uA GQN dfXfi GQN FQBEG]CNERBz
yBVNGF “R–N– vrY wAz qjY¯ GNAz GB NKGNAz GB GQN FURPQGUL FVwUUNE
wxFBUHGN fE IwUHNF GQwA bfY wAz dfY– jQN eBEG]yUBHz BERPRA
yBVNGF GNAz GB FCENwz GBJwEz VBEN ANPwGRIN fE IwUHNF–

2-2- ptrs ynjntD

uA wzzRGRBA GB GQN fYfi JN ywA wUFB BxGwRA GQN JwINUNAPGQ zNCNA]
zNAyN BO GQN RAGNAFRGL “R–N– zHFG yBUBHE¯ xL zRIRzRAP GQN iGBTNF
u BO GQN zHFG “qD– 2¯ xL GQwG BO GQN FBUwE FCNyGEHV– jB GQRF NAzfi
JN BxFNEINz w FBUwE wAwUBP tZ ”6‘0‘ “ZwGFBA NG wU– —‘04¯ HA]
zNE GQN RzNAGRywU BCGRyF GB GQN GwEPNG BxFNEIwGRBAF “fcei VBzN¯fi
JRGQ GQN tmf wAPUN BO ‘| BA kj —‘0” rNxEHwEL 0”– qKGEwyGRBA
wAz xRAARAP BO GQN FGNUUwE FCNyGEHV CNEOBEVNz RA GQN FwVN JwL
wF zNFyERxNz RA iNyG– —fi LRNUzRAP GQN NKGEwyGRBA hci BO −‘–‘—-
‘–02 “CRKNUF¯≈0– �FFHVRAP GQwG GQN FGwE RF HACBUwERFNzfi JN BxGwRA
RGF RAGNAFRGL xL wzzRAP GQN yBHAGF BO e·· wAz e∈ wAz VHUGRCULRAP
GQN FHV xL —– � zRffiNENAyN RA wREVwFF xNGJNNA GQN FBUwE wAwUBP
“BA wINEwPN —–48¯ wAz ”6f BxFNEIwGRBAF “jwxUN 0¯ ywA xN yBV]
CNAFwGNz HFRAP

≈—,4 UBP“ryφ‘¯ & ≈—,4 UBP“ry¯ ≈ Tny > py
≈—,4 UBP“r�φ‘¯ & ≈—,4 UBP“r�¯ ≈ Tn� > p� φ

“0—¯
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rge9 79 jQN CBUwERFwGRBA BO wUU wIwRUwxUN yBVNGF& zHFG INEFHF CQwFN wAPUN–
jQN xUwyT FBURz URAN wAz FQwzNz wENwF zNABGN GQN wINEwPN GENAz BO GQN zN]
CNAzNAyN wAz RGF 2]ρ NEEBEfi ENFCNyGRINUL– �F RA rRP– ”fi BCNA wAz [UUNz
FLVxBUF zNABGN GQN CEN] wAz CBFG]CNERQNURBA zwGwfi JQRUN xwyTPEBHAz
PENL yREyUNF ENCENFNAG zwGw CBRAGF zRFywEzNz OEBV GQN [GGRAP xNywHFN BO
NRGQNE GQNRE UwEPN wCNEGHEN FRMN “+0‘fi‘‘‘ TV RA yBVNGByNAGERy zRFGwAyN¯
wAz+BE GQN CBFFRxUN PwF yBAGwVRAwGRBA– �UU FLVxBUF wEN GQN wEyQRIwU
zwGw BO aRFNUNI NG wU– “—‘06¯fi NKyNCG OBE GQN OBHE CBRAGF BO —u+XBERFBI
“XwPAHUB NG wU– —‘—0¯ wAz GQENN CBRAGF BO ”6f “GQRF FGHzL¯– mN NKyUHzN
HARDHN yBVNGF Y+0884 e0 “twUN]XBCC¯ wAz —u+XBERFBI OEBV GQN [GGRAPfi
FRAyN GQNRE fE QwF xNNA OBHAz GB xN FRPAR[ywAGUL QRPQNE– jQN ENz zR]
wVBAzF NzPNz JRGQ xUwyT URANF wEN BHE FCNyGEBCBUwERVNGERy zwGw– jQN
xNFG [G CwEwVNGNEF BO GQN [GGNz yHEIN wEN a & —4–”8 ≤ 0–—6 ;fi b0 & ‘–”6
≤ ‘–‘—fi b— & “0–4W ≤ ‘–74¯ ∗ 0‘≈02fi wAz <‘ & —0|,—4 ≤ ‘|,0W– ZNGwRUNz
zNFyERCGRBA BO GQN UNPNAz RF CEBIRzNz RA GQN GNKG–

JQNEN GQN FHxFyERCGF b wAz � RAzRywGN w DHwAGRGL OBE GQN yBVNG
wAz GQN FGwE– ryφ‘ wAz r�φ‘ wEN GQN ,HKNF BO ”6f zHFG wAz GQN FB]
UwE wAwUBP BHGFRzN wGVBFCQNENfi ENFCNyGRINULfi wAz ry wAz r� wEN
GQN yBHAGNECwEGF VNwFHENz wG GQN wREVwFF ny “u RA qD– 2¯ wAz
n� “—–48¯– T zNABGNF GQN JwINUNAPGQ]zNCNAzNAG NKGRAyGRBA yBN/]
yRNAG– �FFHVRAP GQwG GQN MNEB CBRAGF BA GQN BxFNEIRAP ARPQGF BO
”6f “py¯ wAz GQN FGwE “p�¯ wEN EBHPQUL GQN FwVNfi qD– 0— ENzHyNF
GB
∣

ryφ‘

r�φ‘

(

&

∣

ry

r�

(

∗ 0‘T“ny≈n�¯.—,4 φ “02¯

GQN UNOG FRzN BO JQRyQ RF GQN zHFG yBUBHE– rBE GQN T IwUHNFfi JN
ENONE GB GQN fwEwAwU yBN/yRNAGF CHxURFQNz xL fwGwG NG wU– “—‘00¯–
jQN MNEB CBRAGF VNwFHENz RA GQN Xfi lfi wAz h [UGNEF wG GQN OBHE
BxFNEIRAP NCByQF wEN RA OwyG FURPQGUL zRffiNENAG JRGQRA −‘–‘0 VwP–
jQRF RAGEBzHyNF wA HAyNEGwRAGL BO !2 ; RA yBVCwERAP GQN ENUwGRIN
xERPQGANFF VNwFHENz BA zRffiNENAG ARPQGF–

rRP– 8w FQBJF GQN ENFHUGwAG ENUwGRIN xERPQGANFF zRFGERxHGRBA
BO ”6f zHFG BINE Wfi‘‘‘-7fi‘‘‘ :– �UGQBHPQ RAyBVCUNGN yBEENy]
GRBA BO GNUUHERy wxFBECGRBA URANFfi CwEGRyHUwEUL e— wAz t—e URANFfi
UNwINF xHVCL FGEHyGHENF wG GQN UBAPJwEz BO −”fi4‘‘ : wG wUU
NCByQFfi GQN zHFG yBAGRAHHV yBUBHE yBVCNAFwGNz OBE GQN wGVB]

FCQNERy NffiNyGF ENVwRAF ANwEUL GQN FwVN BINE GQN GJB VBAGQF–
� yQwAPN RA GQN FUBCN BO GQN yBUBHE “R–N– GQN RA,NyGRBA CBRAG¯
wCCNwEF wEBHAz 4fi4‘‘ :fi yBAFRFGNAG JRGQ GQN CENIRBHF FGHzRNF
“rEwGGRA NG wU– —‘06Å rRUwyyQRBAN NG wU– —‘—‘Å eCRGBV NG wU– —‘—‘¯–
jB yBVCwEN GQN yBUBHE CENFNAGNz QNEN JRGQ BGQNE yBVNGFfi JN zN]
ERIN GQN ABEVwURFNz EN,NyGRIRGL i $ RA GQN HARG BO ; “0fi‘‘‘ :¯≈0

HFRAP

i $“µ0φ µ—¯ &
0

iVNwA

]

i µ— ≈ i µ0

µ— ≈ µ0

(

“0W¯

“vNJRGG ´ cNNyQ 087”¯fi JQNEN µ0 wAz µ— wEN GQN FQBEG]NAz wAz
UBAP]NAz JwINUNAPGQF yBAFRzNENz– mN FNG µ0 & Wfi‘‘‘ : wAz µ—
& 4fi4‘‘ : OBE GQN FQBEGJwEz BO GQN RA,NyGRBA CBRAG “’xUHN5 FRzN¯fi
wAz µ0 & 4fi”‘‘ : wAz µ— & 6fi8‘‘ : OBE GQN UBAPJwEz BO GQN RA]
,NyGRBA CBRAG “’ENz5 FRzN¯– i µ0 fi i µ— fi wAz iVNwA zNABGN GQN ENUwGRIN
xERPQGANFF wG µ0 wAz µ— wAz GQN VNwA ENUwGRIN xERPQGANFF RA GQN
JwINUNAPGQ EwAPN yBAFRzNENzfi ENFCNyGRINUL– jQENN yBUBHEF RA rRP–
8w wEN yBVxRANz RAGB GQN wINEwPNfi LRNUzRAP “06–2 ≤ 0–W¯ ; “0fi‘‘‘
:¯≈0 OBE GQN xUHN FRzN wAz “0‘–8 ≤ ‘–”¯ ; “0fi‘‘‘ :¯≈0 OBE GQN ENz
FRzN–

jQN i $ BO ”6f zHFG RA rRP– 8x RF RA URAN JRGQ GQN EN]
FHUGF BO CENIRBHF FGHzRNF “iGBEEF NG wU– 088—Å iyQUNRyQNE —‘‘”Å
twzwVyRT ´ bNIwFFNHE]hNPBHEz —‘‘8Å iABzPEwFF NG wU– —‘0”Å
hBFNAxHFQ NG wU– —‘06¯ GQwG FQBJ FURPQGUL UwEPNE “R–N– ENzzNE
yBUBHE¯ xHG FGRUU xEBwzUL yBAFRFGNAG i $ BO ”6f zHFG JRGQ GQN
GLCRywU yBUBHE EwAPN BO FQBEG]CNERBz yBVNGF– sE)A NG wU– “—‘0”¯
ENCBEG w GQENN]QBHE]UBAP BHGxHEFG NINAG wyyBVCwARNz xL OwyGBEF
β0‘‘ RAyENwFN BO GQN ANwE]AHyUNHF yBVw xERPQGANFF JQNA hBFNGGw
JwF wG wA wUGRGHzN BO 2W TV BA kj —‘0” rNxEHwEL 08– tBJNINEfi
wAL FRPAR[ywAG wOGNEVwGQ GB GQN NINAG FNNVF RAIRFRxUN RA BHE
yBUBHE zwGw– YBVCwENz GB IwERwGRBAF BO GQN xERPQGANFF wAz GQN
� eθ CwEwVNGNE “w CEBKL BO GQN zHFG VwFF]UBFF EwGN BO w yBVNGÅ
�&tNwEA 087W¯ OEBV CQBGBVNGEL FQBJRAP w FURPQG RAyENwFN wOGNE
GQN BHGxHEFG BA kj —‘0” rNxEHwEL 08 “XBNQAQwEzG NG wU– —‘0”Å
sE)A NG wU– —‘0”¯fi GQN FGwxUN yBUBHE GENAz FQBJA RA BHE zwGw
JBHUz RAzRywGN GQwG GQN zHFG CEBCNEGRNF BINE GQN GJB VBAGQF
ENVwRA VBEN BE UNFF yBAFGwAG–

m: pRrytrrRBA

uA GQRF FNyGRBAfi JN zNFyERxN GQN zHFG NAIREBAVNAG BO ”6f xwFNz
BA GQN ENFHUGF RA iNyG– 2fi RA yBASHAyGRBA JRGQ GQN BxFNEIwGRBAF
BxGwRANz OEBV RA FRGH wAz CENIRBHF PEBHAz]xwFNz FGHzRNF– mN [EFG
yBAFGEwRA GQN FRMN wAz FGEHyGHEN BO ”6f zHFG zHERAP GQRF CNERBz
“iNyG– W–0¯ wAz GQN CBFFRxUN wVBHAG BO NVxNzzNz JwGNE RyN wAz
GQN ENOEwyGBEL]GB]RyN EwGRB BO GQN zHFG CwEGRyUNF “iNyG– W–—¯–

m-.- onArsDwRAsr nA sgd CDnCdDsRdr nO 46f Mtrs

jQRF FGHzL yBINEF GJB VBAGQF BA GQN xERAT BO GQN FNyBAz NDHRABK
BO ”6f “wG qt & —–”2 wH BA kj —‘0” cwEyQ —0¯– jQN FHx]FBUwE
UwGRGHzN BO GQN AHyUNHF zHERAP GQN GRVN BO BHE BxFNEIwGRBAF IwE]
RNz OEBV wxBHG ≈02| GB ≈0| “fENHFTNE NG wU– —‘06¯fi RA JQRyQ GQN
yBVNG&F zHFG wyGRIRGL Qwz wUENwzL CwFFNz RGF CNwT wAz zNyENwFNz
FVBBGQUL “aARPQG NG wU– —‘06¯– uA GQN OBUUBJRAPfi JN FHPPNFG GQN
VBFG CUwHFRxUN CEBCNEGRNF BO GQN zHFG wGGERxHGwxUN GB BHE ENFHUGF
RA iNyG– 2 xL yBAFRzNERAP GQENN VwRA wFCNyGF 1 GQN yBVCBFRGRBAfi
FRMNfi wAz CBEBFRGL BO GQN zHFG–
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o– s– aJBA NG wU–# iCNyGEBCBUwERVNGERy FGHzL BO yBVNG ”6f RA RGF —‘0” BHGxBHAz CQwFN

rge9 89 jQN ENUwGRIN xERPQGANFF BO ”6f zHFG ABEVwURFNz wG 4fi4‘‘ :– “w¯
jQN zHFG yBUBHE FUBCNF “qD– 0W¯ wEN FQBJA wF GQN FBURz URANF JRGQ 2]
ρ [GGRAP NEEBEF RA PENL ENPRBAF– “x¯ jJB FBURz xUwyT URANF RAzRywGN GQN
UBJNE “4 ≤ — ; “0fi‘‘‘ :¯≈0¯ wAz HCCNE “07 ≤ — ; “0fi‘‘‘ :¯≈0¯ EN,Ny]
GRIRGL URVRGF BO GQN zHFG BO ARAN yBVNGF BINE 2fi4‘‘-”fi4‘‘ :fi ENFCNyGRINUL
“vNJRGG ´ cNNyQ 087”¯– jQN GQRyT PENL FBURz wAz zwFQNz URANF RAzRywGN
GQN wINEwPN EN,NyGRIRGL GENAz wAz FGwAzwEz zNIRwGRBA BO 20 wyGRIN yBVNGF
“7–W ≤ 2–” ; “0fi‘‘‘ :¯≈0¯ BINE 2fi4W‘-8fi‘4‘ : HFNz RA iBUBAGBR NG wU–
“—‘0—¯–

m-.-.- onAidystDd xwrdM nA sgd nxrdDuwsRnAwj duRMdAyd RA
sgRr rstMb

jQN CERVwEL yBAFGRGHNAGF BO yBVNGwEL zHFG wEN FRURywGNF “VwRAUL
RA GQN OBEV BO BURIRAN wAz CLEBKNAN¯fi ywExBAwyNBHF VwGNER]
wUF “wVBECQBHF ywExBA wAz BEPwARyF¯fi rN]xNwERAP FHU[zNFfi wAz
RyN “bNIwFFNHE]hNPBHEz NG wU– —‘07¯– eHE yBUBHE zwGw FQBJRAP
GQN xEBwz yBAFRFGNAyL JRGQ wyGRIN FQBEG]CNERBz yBVNGF “rRP–
8x¯ JBHUz RAzRywGN ABG VHyQ zRffiNENAyN BO ”6f zHFG OEBV
GQN GLCRywU zHFG RA yBVCBFRGRBAwU GNEVF BO IRNJ– tBJNINEfi RGF
FURPQGUL ENzzNE yBUBHE GQwA GQN wINEwPN JBHUz wUUBJ HF GB
EHUN BHG GQN CENzBVRAwAyN BO VwGNERwUF JQBFN GEwAFCwENAyL zN]
yENwFNF JRGQ JwINUNAPGQF “N–P– JwGNE RyN¯ RA GQN zHFG CwEGRyUNF
“aBUBTBUBIw ´ vByTNEF 0886¯– jQN CBUwERVNGERy CQwFN yHEIN BO
”6f zHFG RA GQN hNz zBVwRAfi JQRyQ RF yBAFRFGNAG JRGQ GQN GENAz
BO VBFG yBVNGF xHG FQBJF w FURPQGUL FQwUUBJNE zNCGQ BO GQN dfX
GQwA GQBFN BO ABA] wAz UBAP]CNERBz yBVNGF “rRP– 7¯ wAz ”6f RA
CENIRBHF wCCwERGRBAF “rRP– 6¯fi FHCCBEG GQN BEzRAwEL yBVCBFRGRBA

BO ”6f zHFG zBVRAwGNz xL wxFBExRAP VwGNERwUF “fNGEBIw NG wU–
—‘‘0Å twzwVyRT ´ bNIwFFNHE]hNPBHEz —‘‘8¯– � UwEPN RVwPR]
AwEL CwEG BO GQN yBVCUNK ENOEwyGRIN RAzNK “R–N– QRPQ wxFBECGRI]
RGL¯ ywA wUFB NKCUwRA GQN ANHGEwU fY BO ”6f zHFG “rRP– 4¯ GQwG RF
,wGGNE GQwA GQBFN BO BGQNE yBVNGF RA FRVRUwE BxFNEIRAP PNBVNGEL
“aBUBTBUBIw ´ vByTNEF 0886¯–

uA GNEVF BO GQN zHFG&F CQLFRywU wGGERxHGNFfi GQN zBV]
RAwAyN BO UwEPNW BINE FVwUU zHFG4 ywA NKCUwRA FHyQ
ENz yBUBHE “aBUBTBUBIw NG wU– 0886¯fi FVwUU fY IwUHNF
“sHFGwOFBA ´ aBUBTBUBIw 0888¯fi wAz FQwUUBJNE dfX zNCGQ
“twzwVyRT ´ bNIwFFNHE]hNPBHEz —‘‘8¯ BO ”6f zHFG– �UU GQN
ENFHUGF wEN wUFB yBVCwGRxUN JRGQ w UBJ UNINU BO zHFG CBEBFRGL– bwx]
BEwGBEL NKCNERVNAGF wAz yBVCHGNE VBzNUURAP BO yBVNGwEL zHFG
QwIN FQBJA GQwG wF GQN CwyTRAP zNAFRGL BO GQN yBVNGwEL zHFG RA]
yENwFNFfi GQN zNCGQ BO GQN dfX xNyBVNF FQwUUBJNE “fNGEBIw NG wU–
—‘‘0Å twzwVyRT ´ bNIwFFNHE]hNPBHEz —‘‘8Å aBUBTBUBIw NG wU–
—‘04¯fi GQN zHFG yBUBHE ENzzNAF “sHFGwOFBA ´ aBUBTBUBIw 0888¯fi
wAz GQN fY xNyBVNF UNFF ENz “sHFGwOFBA ´ aBUBTBUBIw 0888¯–

jwTNA wF w JQBUNfi BxFNEIwGRBAF BO ”6f zHFG BxGwRANz
JRGQ GQN 0fi‘‘‘ TV]FRMNz wCNEGHEN RA GQRF FGHzL yBHUz xN wF]
yERxNz GB GQN zBVRAwAyN BO yBwEFN “�GNAF BO VRyEBVNGENF
RA FRMN¯fi EwGQNE yBVCwyG zHFG CwEGRyUNF RA GQN yBVwfi JQBFN
URPQG FywGGNERAP yQwEwyGNERFGRyF wEN FRVRUwE GB GQBFN BO GQN
NIBUINz ANwE]FHEOwyN zHFG UwLNE URTNUL yBVVBA OBE FQBEG]CNERBz
yBVNGF “N–P– twzwVyRT ´ bNIwFFNHE]hNPBHEz —‘‘8Å XRNUN NG wU–
—‘04Å iCBQA NG wU– —‘04Å aJBA NG wU– —‘07¯– jQN YBVNG dH]
yUNHF iBHAzRAP qKCNERVNAG xL hwzRBJwIN jEwAFVRFFRBA “Yed]
iqhj¯fi BAxBwEz hBFNGGw wAz RGF fQRUwN UwAzNEfi RAzNNz CEBIRzNF
GQN NIRzNAyN BO w FQwUUBJ FHxFHEOwyN BO wxBHG —‘ V zNCGQfi
UNFF CBEBHF wAz GQHF zNAFNE GQwA GQN RAGNERBE BO GQN AHyUNHF
“aBOVwA NG wU– —‘—‘¯–

m-.-1- onlCwDRrnA vRsg sgd hnrdssw nxrdDuwsRnAr wAM
drsRlwsRnA nO sgd CjwtrRxjd Mtrs CnDnrRsb

uA NwEUL —‘0”fi VwRAUL GJB zRffiNENAG GLCNF BO zHFG CwEGRyUNF JBHUz
yBNKRFG RA GQN FwVCUNz 0fi‘‘‘]TV]FRMNz yBVw# “R¯ CwEGRyUNF zR]
ENyGUL NSNyGNz OEBV GQN AHyUNHFÅ wAz “RR¯ CwEGRyUNF JQRyQ JNEN
NSNyGNz wAz Qwz NRGQNE OwUUNA xwyT GB GQN AHyUNHF FHEOwyNfi OBU]
UBJNz xL EN]NSNyGRBA wEBHAz CNERQNURBAfi BE ENVwRANz RA xBHAz
BExRGF JRGQBHG OwUUxwyT “�PwEJwU NG wU– —‘0”Å bBAPBxwEzB NG wU–
—‘—‘¯– jLCN “RR¯ zHFG CwEGRyUNF wEN CERVwERUL zNyRVNGEN]FRMNz wP]
PENPwGNF “cBGGBUw NG wU– —‘04Å �PwEJwU NG wU– —‘0”Å fwSBUw NG wU–
—‘06¯fi wAz GQNRE UwEPN FRMN wAz yBVCwyGANFF VwTN GQNV UNFF FNA]
FRGRIN GB GQN PwF zEwP wAz FBUwE EwzRwGRBA CENFFHEN GQwA ,H/NE
zHFG yBHAGNECwEGF “sHAzUwyQ NG wU– —‘—‘Å rHUUN NG wU– —‘—‘¯– jQNL
GNAz GB URAPNE RA GQN yREyHVAHyUNwE yBVw BO ”6f “σ0‘‘ TVÅ
N–P– XNEGRAR NG wU– —‘08¯fi wAz JN NKCNyG GQwG GQNRE yBAGERxHGRBA GB
GQN FywGGNERAP yEBFF]FNyGRBA RA GQN 0fi‘‘‘ TV wCNEGHEN JBHUz xN
FVwUU– rBE jLCN “R¯ zHFG CwEGRyUNFfi hBFNGGw BxFNEIwGRBAF yUwFFROL
GQNV RAGB GJB OwVRURNF 1 yBVCwyG wAz ,HffiL zHFG wPPENPwGNF–
�UGQBHPQ GQN zN[ARGRBA BO GQN yUwFFR[ywGRBA RF FURPQGUL zRffiNENAG
xNGJNNA GQN sEwRA uVCwyG �AwULFNE wAz ZHFG �yyHVHUwGBE “su]
�Z�¯ “ZNUUw YBEGN NG wU– —‘04¯ wAz GQN YBVNGwEL iNyBAzwEL uBA
cwFF �AwULMNE “Yeiuc�¯ “tBEAHAP NG wU– —‘0”Å bwAPNIRA NG wU–
—‘0”¯fi GQNL FQBJ RA yBVVBA GQwG ,HffiL zHFG CwEGRyUNF QwIN

W ZHFG JRGQ w FRMN BO �GNAF BO VRyEBVNGENF FwONUL RA GQN PNBVNGERywU
BCGRyF ENPRVN RA GQN BCGRywU– jQRF FywGGNERAP ENPRVN RF zN[ANz xL n+ 0fi
JQNEN n #& —�w+µ RF GQN FRMN CwEwVNGNEfi w RF GQN EwzRHF BO GQN zHFGfi wAz
µ RF GQN JwINUNAPGQ yBAFRzNENz–
4 ZHFG JRGQ w FRMN BO GQN BEzNE BO −‘–0-0 VRyEBVNGENF– jQRF FRMN EwAPN
yBEENFCBAzF GB GQN hwLUNRPQ ENPRVN “n ′ 0¯ wAz hwLUNRPQ]URTN FVwUU
cRN ENPRVN “n − 0¯ RA GQN BCGRywU–
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w OEwyGwU zRVNAFRBA BO σ— wAz wEN CEBAN GB xN OEwPVNAGNzfi
JQRUN yBVCwyG yBHAGNECwEGF QwIN w CBEBFRGL xNUBJ 8‘ ; JRGQ
QRPQNE GNAFRUN FGENAPGQF wAz zNAFRGL “bNIwFFNHE]hNPBHEz NG wU–
—‘07¯– jQN OBEVNE CENIwRUF RA GQN zHFG yBVw wEBHAz CNERQN]
URBAfi xHG yBAGERxHGNF UNFF xNLBAz GQN BHGxBHAz zRFGwAyN BO −—
wH “bBAPBxwEzB NG wU– —‘—‘¯– hNUwGRINUL yBVCwyG zHFG wPPENPwGNF
JBHUz GQNA xNyBVN GQN zBVRAwAG FRPAwU RA GQN xwyTPEBHAz yBVw
wG GQN NCByQF JN yBINENzfi FQBJRAP AB FRPAR[ywAG OEwPVNAGwGRBA
wF GQNL VBIN BHG BO GQN AHyUNHF wG UNwFG RA GQN σ4‘‘ TV zRFGwAyN
EwAPN “rEwGGRA NG wU– —‘—0 wAz ENONENAyNF GQNENRA¯–

uA w FLAGQNFRF CwCNE BO ”6f zHFGfi s)GGUNE NG wU– “—‘08¯ yUwF]
FROL zHFG CwEGRyUNF yBUUNyGNz GQEBHPQBHG GQN VRFFRBA zNCNAzRAP
BA GQN FRMNfi CBEBFRGLfi wAz FGENAPGQfi wAz yBA[EV GQN zBVRAwAyN BO
GQN EBUN BO _CBEBHF zHFG wPPUBVNEwGNF& RA GQN BxFNEINz URPQG FywG]
GNERAP CQNABVNAw– jQRF GLCN BO zHFG QwF w GLCRywU FRMN BO −0‘‘
/V JRGQ GQN CBEBFRGL EwAPRAP OEBV 0‘ ; GB 84 ; “s)GGUNE NG wU–
—‘08 wAz ENONENAyNF GQNENRA¯– � VwSBERGL BO yBVCwyG zHFG wP]
PENPwGNFfi JQRyQ wEN RARGRwUUL AwVNz xL Yeiuc� wAz su�Z�fi
xNUBAP GB GQRF zBVRAwAG PEBHC xwFNz BA GQNRE CQLFRywU CEBCNE]
GRNF– jQNENOBENfi JN HFN GQN GNEVRABUBPL BO _CBEBHF zHFG wPPUBV]
NEwGNF& RA GQN OBUUBJRAP RAFGNwz BO yBVCwyG zHFG wPPENPwGNFfi GB
zNVBAFGEwGN GQN zHFG JRGQ w UBJNE CBEBFRGL GQwA ,HffiL zHFG wP]
PENPwGNF– jQN yBVCBFRGRBA BO ”6f zHFG RA FHyQ w FRMN FywUN FQBJF
FRVRUwERGL GB w UwEPN NKGNAG JRGQ BGQNE yBVNGwEL zHFG CEBxNz xL
CwFG FCwyN VRFFRBAFfi RA JQRyQ cP]ERyQ FRURywGNF wAz ywExBAw]
yNBHF VwGNERwUF wyyBHAG OBE GQN VwSBERGL BO ENOEwyGBEL yBVCB]
ANAGF “bNIwFFNHE]hNPBHEz NG wU– —‘07¯–

uA BEzNE GB HAzNEFGwAz QBJ CBEBFRGL RA,HNAyNF GQN CBUwER]
VNGERy xNQwIRBHE BO FHyQ zHFG CwEGRyUNFfi JN AHVNERywUUL FRVHUwGN
GQN URPQG FywGGNERAP BO GQN zHFG JRGQ w ENCENFNAGwGRIN FRMN BO 0‘‘
/V RA EwzRHF wAz GQENN zRffiNENAG ywFNF BO GQN zHFG CBEBFRGL# ”‘ ;fi
7‘ ;fi wAz 84 ;– jQN [EFG CBEBFRGL IwUHN yBAFRzNENz ENCENFNAGF
GQN FBURz]URTN “ABA]OEwPVNAGRAP¯ zHFG “tBEAHAP NG wU– —‘0”¯fi GQN
FNyBAz BAN RF OBE GQN zHFG JRGQ wA RAGNEVNzRwGN CBEBFRGLfi wAz
GQN UwFG BAN RF OBE GQN ,H/NFG CwEGRyUN RA GQN _CBEBHF zHFG wP]
PUBVNEwGN& ENPRVN “s)GGUNE NG wU– —‘08¯– mN HFNz GQN EwzRwGRIN
GEwAFONE JRGQ ENyRCEBywU GEwAFwyGRBAF VNGQBz “h—j—¯ GB ywUyH]
UwGN GQN FywGGNERAP CEBCNEGRNF– h—j— RF wA NKGNAFRBA BO GQN EwzRw]
GRIN GEwAFONE FBUHGRBA GB GQN zNAFN zRFyENGN EwAzBV VNzRHVfi RA]
yUHzRAP GQN yBQNENAG xwyTFywGGNERAPVNyQwARFV “cHRABANA NG wU–
—‘07Å lüRFüANA NG wU– —‘08¯– rBE GQN FwTN BO FRVCURyRGLfi JN
zB ABG yBAFRzNE GQN QRNEwEyQRywU AwGHEN BO zHFG wPPUBVNEwGNF
“R–N– GQN wFFNVxUwPN BO VHUGRCUN yUHFGNEF BO FVwUUNE wPPENPwGNF¯
xHG RAFGNwz w FRAPUN FCQNERywU wPPENPwGN FGEHyGHEN– jQN VBz]
NUUNz zHFG yBAFRFGF BO FCQNERywU VBABVNEF” OBUUBJRAP w CBJNE]
UwJ FRMN zRFGERxHGRBA JRGQ GQN zRffiNENAGRwU RAzNK BO ≈2– jQNRE
VRARVHV wAz VwKRVHV FRMNF wEN ‘–‘4 /V wAz ‘–—4 /Vfi EN]
FCNyGRINUL– jQN VBzNUUNz zHFG RF yBAFGEHyGNz JRGQ 64 IBU–; BO
wVBECQBHF ywExBA “vüPNE NG wU– 0887¯ wAz —4 IBU–; BO cP]ERyQ
wVBECQBHF CLEBKNAN “cP‘,7rN‘,—iRe2Å ZBEFyQANE NG wU– 0884¯ GB
VwTN zHFG wUxNzB yBAFRFGNAG JRGQ GLCRywU twUUNL]GLCN zHFG yBV]
CBFRGRBA “cwAA NG wU– —‘‘WÅ aRVHEw NG wU– —‘‘”¯– jB FNN GQN RA]
,HNAyN BO GQN yBVCBFRGRBAfi JN wUFB GNFG w ywFN JRGQ ”4 IBU–;
wAz 24 IBU–; BO GQN OBEVNE wAz UwGGNE RAPENzRNAGFfi ENFCNyGRINULfi
wUFB RA wPENNVNAG JRGQ BINEwUU ENFHUGF OEBV ”6f UBywU FGHzRNF
“bNIwFFNHE]hNPBHEz NG wU– —‘07¯– qwyQ VBABVNE QwF w FRAPUN
yBVCBFRGRBA “NRGQNE wVBECQBHF ywExBA BE FRURywGN¯– �UGQBHPQ
XwEzLA NG wU– “—‘06¯ ENCBEG ywExBA]ERyQ zHFG CwEGRyUNF BO ”6f
JQBFN ENOEwyGBEL yBVCBANAGF JBHUz xN zBVRAwGNz xL BEPwARy

” cBEN ENwURFGRy VBABVNEF RA FQwCN JBHUz xN ABA]FCQNERywU– tBJNINEfi
JN OBHAz GQwG GQN BHGyBVN BO URPQG FywGGNERAP yBVCHGwGRBA HFRAP GQN
CBULzRFCNEFN zRFGERxHGRBA BO REENPHUwE VBABVNEF FNNVF UwEPNUL FRVRUwE
GB GQN BAN HFRAP FCQNERywU VBABVNEF–

VwGGNE RA VwFFfi RGF NKwyG FGBRyQRBVNGEL “NFCNyRwUUL OBE wURCQwGRy
BEPwARyFÅ hwCBAR NG wU– —‘—‘¯fi UNG wUBAN RVwPRAwEL CwEG BO GQN
yBVCUNK ENOEwyGRIN RAzNK wyEBFF GQN xEBwz JwINUNAPGQ EwAPN yBI]
NENz xL BHE BxFNEIwGRBAFfi RF ABG LNG wIwRUwxUN– �F FHyQfi JN FNUNyG
wVBECQBHF ywExBA GB ENCENFNAG GQN BEPwARyF GB VwGyQ GQN wUxNzB
BO GQN VBzNUUNz zHFG GB GQN zwET UNINU BO GQN BxFNEINz zHFG CwEGR]
yUNF– cBEN zNGwRUNz VBzNUURAP RA GQN yBVCBFRGRBAwU wAz FGEHyGHEwU
wFCNyGF BO GQN zHFG JRUU xN RAGEBzHyNz RA BHE OHGHEN JBETfi FB GQN
VBzNUURAP RA GQRF CwCNE wRVF BAUL GB RUUHFGEwGN GQN RA,HNAyN BO
GQN CBEBFRGL BA CBUwERVNGERy xNQwIRBHEF BO GQN zHFG CwEGRyUNF wAz
AwEEBJ zBJA GQN VBFG URTNUL CBEBFRGL IwUHNF wxUN GB NKCUwRA BHE
ENFHUGF–

rge9 0.9 fE RA GQN ANPwGRIN CBUwERFwGRBA xEwAyQ BO GQN VBzNUUNz zHFG wP]
PENPwGN QwIRAP CBEBFRGRNF BO ”‘ ;fi 7‘ ;fi wAz 84 ; wG GQN JwINUNAPGQF
BO “w¯ 6fi‘‘‘ :fi “x¯ 7fi‘‘‘ :fi wAz “y¯ 8fi‘‘‘ :fi wAz “z¯ GQN FCNyGEwU zNCNA]
zNAyN BO fE BINE GQN GQENN JwINUNAPGQ zBVwRAF– jQN ENFHUGF ENCENFNAG
GQN VNwA fE IwUHNF wAz GQNRE FGwAzwEz zNIRwGRBAF BINE GQN 0|-0‘| CQwFN
wAPUN RAGNEIwU– XUwyT “PENL¯ FLVxBUF RAzRywGN GQN VBzNUUNz ENFHUGF BO GQN
zHFG RA GQN yBVCBFRGRBA BO 64 “”4¯ IBU–; wVBECQBHF ywExBA > —4 “24¯
IBU–; FRURywGN– � VBEN zNGwRUNz zNFyERCGRBA BO GQN VBzNUURAP RF CEBIRzNz
RA GQN GNKG– jQN fE BO GQN GEwAFCwENAG zHFG wG 8fi‘‘‘ : RF ≈2–8W ; wAz RF
ABG FQBJA RA GQRF [PHEN–

rRPHEN 0‘ FHVVwERFNF GQN VBzNUURAP ENFHUGF– YQwAPNF RA fE
BO GQN zHFG CwEGRyUNF JRGQ ENPwEz GB GQNRE CBEBFRGL wAz JwIN]
UNAPGQF wEN FQBJA– XUwyT “PENL¯ FLVxBUF RAzRywGN GQN VBzNUUNz
ENFHUGF JRGQ w VRKGHEN BO 64 “”4¯ IBU–; BO wVBECQBHF ywExBA wAz
—4 “24¯ IBU–; BO FRURywGN– jB VRARVRFN NffiNyGF OEBV GQN ENFBAwAG
BFyRUUwGRBAF BO VBABVNEF GLCRywU BO n − 0 wAz OEBV GQN wxFNAyN
BO CBFFRxUL FVwUUNE]FRMNz VBABVNEF GQwA wCCURNz RA yBVCHGwGRBA
QNENfi JN VwRAUL yBAFRzNE GQN UBAPJwEz NAz BO GQN JwINUNAPGQ
EwAPN JN yBINE “6fi‘‘‘-8fi‘‘‘:¯– �zzRGRBAwUULfi GQN wCCEBKRVwGNz
AwGHEN BO GQN zHFG “N–P–fi ABA]QRNEwEyQRywU FGEHyGHEN JRGQBHG GQN
FHEOwyN EBHPQANFF¯ yBHUz ENzHyN GQN wyyHEwyL BO GQN NFGRVwGRBA
wEBHAz GQN VRARVHV CBUwERFwGRBA zNPENN wAz GQN RAINEFRBA wA]
PUN “N–P– aBUBTBUBIw NG wU– —‘07¯fi wAz RAzNNz CEBzHyNF wA HA]
URTNUL “R–N– GBB CBFRGRIN¯ f zRFGERxHGRBA RA BHE FRVHUwGRBA yBV]
CwENz GB GQN BEzRAwEL yBVNGwEL zHFG– tNAyNfi PRINA GQwG w PNANEwU
CBUwERVNGERy CQwFN yHEIN BO yBVNGwEL zHFG RA GQN dfX “‘|-——|¯ RF
EBHPQUL FLVVNGERywU wEBHAz GQN fVRA wG <VRA − 00|“aRFNUNI NG wU–

�EGRyUN AHVxNEfi CwPN 0‘ BO 04
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—‘04¯fi JN yBAFRzNE VBzNUUNz zwGw BAUL BA GQN UNOG FRzN BO GQN
yHEIN “R–N– < & 0|-0‘|¯ GB VRARVRFN GQN RVCwyG BO BHE FRVCUN
CEBCNEGRNF BO GQN VBzNUUNz zHFG– uA BEzNE GB FNN w PNANEwU GENAzfi
JN GwTN w VNwA BO GQN VBzNUUNz fE IwUHNF BINE GQN yBAFRzNENz <
EwAPN wAz VwET RG wF w [UUNz yREyUN– jQNRE NEEBE xwEF zNABGN GQN
FGwAzwEz zNIRwGRBAF BO GQN fE IwUHNF–

ZHFG JRGQ w CBEBFRGL BO ”‘ ; FQBJF GQN xNFG yBVCwGRxRURGL
wVBAP GQN GQENN VBzNUUNz zHFG CwEGRyUNF GB GQN BxFNEINz ANHGEwU
fY “rRP– 4¯ wAz GQN fE IwUHNF wG GQN CQwFN wAPUNF RA —‘0” rNxEH]
wEL wAz cwEyQ “rRP– ”¯fi JRGQRA GQN NEEBE xwEF– eINEwUUfi GQN VBEN
GEwAFCwENAG GQN zHFGfi GQN PENwGNE GQN zRffiNENAyN RA fE wyyBEzRAP
GB GQN yQwAPN BO CBEBFRGL– rBE GQN UBJ]CBEBFRGL ywFN “”‘ ;¯fi GQN
fY RF ABG FRPAR[ywAGUL zRffiNENAG xNGJNNA GQN GJB VBzNUUNz ywFNF
JRGQRA GQN NEEBE xwEFfi xHG GQN zNCGQ BO GQN dfX OBE GQN GEwAFCwENAG
zHFG “PENL FLVxBUF RA rRP– 0‘¯ RF FQwUUBJNE GQwA GQN ”6f BxFNE]
IwGRBAF– rBE GQN ,HffiL ywFN “84 ;¯fi GQN GEwAFCwENAG zHFG FQBJF
w VBEN ANPwGRIN fE wAz FGNNCNE xUHN fY GQwA GQN wxFBExRAP zHFG
“xUwyT FLVxBUF RA rRP– 0‘¯– jQN GEwAFCwENAG zHFG FQBJF NRGQNE GBB
FQwUUBJ “OBE GQN ”‘ ; ywFN JRGQ GQN wINEwPN fE BO ≈‘–— ;¯ BE GBB
zNNC “OBE GQN 84 ; ywFN JRGQ GQN wINEwPN fE BO ≈2–W ;¯ zNCGQ
RA GQN dfX yBVCwENz GB GQN BxFNEINz IwUHNF BO ”6f zHFG– jQN
GEwAFCwENAG zHFG BO w 7‘ ; CBEBFRGL “PENL zwFQNz URANF RA CwANU
z¯ wUFB FQBJNz w UBywU zNNC BO fE wG 7fi‘‘‘ : wAz UwEPN fE zRO]
ONENAyN xNGJNNA 6fi‘‘‘ : wAz 8fi‘‘‘ :fi xBGQ BO JQRyQ wEN RAyBV]
CwGRxUN GB BHE BxFNEINz fY “rRPF– 0-2¯– rBE GQNFN ENwFBAFfi JN
JRUU BAUL yBAFRzNE GQN UwGGNE “R–N– w VRKGHEN BO 64 IBU–; BO wVBE]
CQBHF ywExBA wAz —4 IBU–; BO cP]ERyQ FRURywGN¯ RA GQN OBUUBJRAP
zRFyHFFRBA– fE BO zHFG JRGQ w CBEBFRGL BO 7‘ ; wCCNwEF GB NKGNAz
GBJwEz w xRG VBEN ANPwGRIN FRzN RA GQN dfX xHG FGRUU yBHUz NK]
CUwRA GQN BxFNEINz fY ENwFBAwxUL JNUU– jQN 84 ; zHFG CBEBFRGL
NKCUwRAF ANRGQNE GQN ANHGEwU fY ABE GQN fE IwUHNF BO GQN BxFNEINz
ENFHUGF– �F FHyQfi JN yBAyUHzN GQwG GQN zHFG CwEGRyUNF zBVRAwGRAP
wEBHAz GQN NAz BO GQN FHVVNE wEN yBAFRFGNAG JRGQ zHFG wPPUBV]
NEwGN JRGQ GQN CBEBFRGL BO ”‘-7‘; xHG JRGQ w xNGGNE VwGyQ BA GQN
”‘ ;]NAz FRzN– uA GQN OBUUBJRAPfi JN HFN ”‘ ; wF w ENCENFNAGwGRIN
CBEBFRGL IwUHN BO GQN zHFG CwEGRyUNFfi FQBJRAP ABA]OEwPVNAGwGRBA
xNQwIRBHE “tBEAHAP NG wU– —‘0”¯– jQN ENGERNINz VRyEBCBEBFRGL BO
GQN zHFG CwEGRyUNF RF UBJNE GQwA GQN VwyEBFyBCRy CBEBFRGL BO GQN
”6f AHyUNHF BO 64-74; NFGRVwGNz xL Yediqhj “aBOVwA NG wU–
—‘04fi —‘—‘¯fi ”4-7‘ ; OEBV GQN hBFNGGw+hwzRB iyRNAyN uAINFGR]
PwGRBA “hiu¯ “füGMBUz NG wU– —‘08¯ wAz 6‘-64; OEBV GQN eCGRywUfi
iCNyGEBFyBCRyfi wAz uAOEwENz hNVBGN uVwPRAP iLFGNV “eiuhui¯
CEN]CNERQNURBA BxFNEIwGRBAF “vBEzw NG wU– —‘0”¯– jQN VRyEBCBEBF]
RGL RF wUFB UBJNE GQwA GQN VwyEBFyBCRy FHEOwyN CBEBFRGL BO 76 ;
zNERINz xL GQN twCTN VBzNU “rBEAwFRNE NG wU– —‘04¯–

jQN VNwA zNAFRGL BO zHFG CwEGRyUNF JRGQ GQN CBEBFRGL BO ”‘ ;
RF GQNA

(θ & θy ey > θiR eiR φ “04¯

JQNEN

ey > eiR > eIBRz & 0 , “0”¯

θn wAz en wEN GQN zNAFRGL wAz OEwyGRBAwU IBUHVNF ByyHCRNz xL
GQN yBVCBANAG nfi ENFCNyGRINULfi JQNEN n NDHwUF _y& OBE wVBE]
CQBHF ywExBAfi _iR& OBE cP]ERyQ FRURywGNFfi wAz _IBRz& OBE GQN IBRz
xNGJNNA GQN yBAFGRGHNAG CwEGRyUNF JN yBAFGEwRANz– XL FHxFGRGHG]
RAP θ & 2fi2”‘ TP V≈2 OBE GQN HFNz FRURywGNF6fi 0fiW24 TP V≈2 OBE
GQN wVBECQBHF ywExBA “vüPNE NG wU– 0887¯fi ey & ‘–2fi eiR & ‘–0fi
wAz eIBRz & ‘–” RAGB GQN NDHwGRBAFfi JN BxGwRA GQN VNwA zNAFRGL
BO GQN wPPUBVNEwGN wF (θ − 66‘ TP V≈2– �UGQBHPQ GQN NKwyG IwUHN

6 BxGwRANz xL qVNEL “—‘‘—¯ HFRAP GQN yBVCBFRGRBAwU RAOBEVwGRBA OEBV
ZBEFyQANE NG wU– “0884¯

yBHUz xN zRffiNENAG OBE zHFG yBAFGEHyGNz VBEN FBCQRFGRywGNzULfi GQN
NFGRVwGNz zNAFRGL QNEN RF HAzBHxGNzUL QRPQNE GQwA GQN xHUT zNA]
FRGL BO GQN ”6f AHyUNHF “424 ≤ 24 TP V≈2Å vBEzw NG wU– —‘0”¯ xHG
JNUU yBAFRFGNAG JRGQ GQwG BO yBVCwyG CwEGRyUNF zNGNyGNz xL su]
�Z� “674>4—‘

≈004 TP V
≈2Å rHUUN NG wU– —‘06¯–

jQRF GLCN BO zHFG CwEGRyUNF RF NKCNyGNz GB xN
HxRDHRGBHF BA GQN FHEOwyNF BO FQBEG]CNERBz yBVNGF
“twzwVyRT ´ bNIwFFNHE]hNPBHEz —‘‘8¯fi JQRyQ JBHUz xN
GQN BHGyBVN BO GQN CNENAARwU FRAGNERAP CEByNFF HAzNE FBUwE EwzR]
wGRBA– jQN CENzBVRAwAyN BO FHyQ CEByNFFNz yBVCwyG CwEGRyUNF
GQNA NKCUwRAF GQN wxFNAyN BO 0‘ /V FRURywGN NVRFFRBA ONwGHENF
BO ”6f zHFG yBVw “twAANE NG wU– 0874¯ xwFNz BA GQN CBFRGRIN
yBEENUwGRBA xNGJNNA GQN zHFG CBEBFRGL wAz GQN FRURywGN NVRFFRBA
NKyNFF “aJBA NG wU– —‘—0¯– uA GQN yBAGNKG BO zHFG NIBUHGRBAfi GQN
xNQwIRBHEF BO ”6f zHFG RA GQN dfX CENFNAG RA GQRF FGHzL JBHUz
CEBxwxUL FQBJywFN GQN BAPBRAP CEByNFFRAP BO GQN ”6f FHEOwyN
ENUwGRIN GB RGF UwFG wCCwERGRBAF wAz BGQNE zLAwVRy PEBHCF BO
yBVNGF–

m-1- onArsDwRAsr nA sgd wlntAs nO vwsdD Ryd RA wAM sgd
DdODwysnDb7sn7Ryd DwsRn nO sgd ynlCwys Mtrs CwDsRyjdr

�UGQBHPQ GQN zHFG wyGRIRGL UNINU BO ”6f RA NwEUL —‘0” JNwT]
NANz FRPAR[ywAGUL yBVCwENz GB RGF wCNK wEBHAz GQN CNERQNURBAfi
GQN yBVNG JwF FGRUU UBywGNz RAFRzN GQN JwGNE OEBFG URAN “qt & —–6
wHÅ vNJRGG NG wU– —‘‘6¯ GQwG GQN wyGRIRGL JwF zRFyNEARxUN NABHPQ–
jQN zHFG wyGRIRGL BO GQN yBVNG RA GQRF FNwFBA JwF VBFG URTNUL
zERINA xL FHxURVwGRBA BO JwGNE]RyN “twAFNA NG wU– —‘0”¯– jQN QN]
URByNAGERy zRFGwAyN “qt − —–4 wH¯ wG JQRyQ JN BxFNEINz ”6f RF
GBB UwEPN OBE BEPwARy VwGNERwUF GB FHxURVwGN “HFHwUUL wG qt !
‘–6 wHÅ vBANF NG wU– —‘07¯ xHG GBB FVwUU OBE xBVxwEzRAP FBUwE
JRAz CwEGRyUNF GB NIwCBEwGN RyN CwEGRyUNF “FRPAR[ywAG wG qt β 4
wHÅ cHTwR 087”¯fi wAz OBE FHCNEIBUwGRUN RyNF “N–P– Ye— wAz Ye¯
GB UROG Bffi GQN yBAFGEwRANz zHFG CwEGRyUNF RAGB GQN yBVw “vNJRGG
—‘04¯– rEwGGRA NG wU– “—‘06¯ FHPPNFG OEBV GQN eiuhui BxFNEIw]
GRBAF GQwG GQN CBFG]CNERQNURBA RAANE yBVw zHFG BO ”6f yBAFRFGF BO
GQENN CERVwEL yBVCBANAGF 1 BEPwARyFfi FRURywGNFfi wAz JwGNE RyN–
� PEBHAz]xwFNz BxFNEIwGRBA JRGQ GQN lbj+ckiq wUFB yBEEBx]
BEwGNF GQN zHFG wyGRIRGL VwRAUL zERINA xL JwGNE]RyN FHxURVwGRBA
RA NwEUL —‘0” IRw yUHFGNERAP BO GQN äeufl NVRFFRBA URAN wG ”fi2‘‘ :
wEBHAz GQN AHyUNHF “eCRGBV NG wU– —‘—‘¯–

jQN zHFG yBUBHE RF GQN EwGRB BO GQN RAGNAFRGL VNwFHENz wG GJB
zRffiNENAG JwINUNAPGQFfi GQHF wxUN GB GEwyN GQN wGGERxHGNF BO GQN zHFG
CwEGRyUNF– �UGQBHPQ GQN hBFNGGw FCwyNyEwOG JwF ABG NDHRCCNz JRGQ
w CBUwERVNGNEfi GQN zHFG yBUBHE VNwFHENz wG zRffiNENAG CBFRGRBAF RA
GQN yBVw xL BAxBwEz RAFGEHVNAGF wUUBJF GB RAINFGRPwGN GQN Ew]
zRwU NIBUHGRBA BO GQN zHFG CEBCNEGRNF RA GQN yBVw BO ”6f– jB GQRF
NAzfi JN HGRURFN GQN lRFRxUN wAz uAOEwENz jQNEVwU uVwPRAP iCNy]
GEBVNGNE “luhjui¯ FCNyGEBFyBCRy zwGw “rRUwyyQRBAN NG wU– —‘—‘¯fi
wAz eiuhui VHUGR]xwAz RVwPRAP zwGw “rEwGGRA NG wU– —‘06¯ VNw]
FHENz wG 0–‘]—–4 TV wAz 7‘-W26 TV RA yBVNGByNAGERy zRFGwAyNfi
ENFCNyGRINUL– iGERyGUL FCNwTRAPfi BHE yBUBHE zwGw RF GQN RAGNPEwGRBA
BO wUU FRPAwUF JRGQRA GQN 0fi‘‘‘ TV wCNEGHENfi ABG GQN UBywU FRPAwU
wG 0fi‘‘‘ TV–mN yBHUz ABANGQNUNFF wFFHVN GQwG BHE zwGw JNUU wC]
CEBKRVwGNF GQN zHFG NAIREBAVNAG wEBHAz 0fi‘‘‘ TV RA EwzRwU zRF]
GwAyNfi xwFNz BA “R¯ xBGQ GQN CBUwERVNGERy wAz yBUBHE zwGw FGwxUN
wPwRAFG GQN NffiNyGF RAzHyNz xL GQN ANwE]AHyUNHF BHGxHEFG NINAG RA
—‘0” rNx “sE)A NG wU– —‘0”¯Å wAz “RR¯ wCCwENAGUL AB yQwAPNF BINE
GQN GJB VBAGQF RAzRywGRAP GQN FwVCURAP BO GQN FGNwzL]FGwGN yBVw
zHFG JQNEN GQN NSNyGRBA RAOBEVwGRBA JBHUz QwIN IwARFQNz BHG BO
GQN wCNEGHEN–

mN zRPRGRFNz GQN zwGw CBRAGF RA CwANUF “x¯ wAz “z¯ BO rRP– 0 RA
rRUwyyQRBAN NG wU– “—‘—‘¯ wAz VHUGRCUL 0‘ GB VwGyQ GQN HARG– jQN
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�<� CEBBOF# VwAHFyERCG AB– ”6fYsélbjéFCCBUéLTJBAéENIéGJByBU

zwGw OEBV rRP– 6 RA rEwGGRA NG wU– “—‘06¯ JNEN BxGwRANz wEBHAz
kj —‘0” vwAHwELfi LNG JBHUz ABG xN CEBxUNVwGRy HAzNE GQN wU]
VBFG RzNAGRywU zHFG yBUBHE xNGJNNA vwAHwEL wAz cwEyQ “rRP– 8w¯–
jQN NKwyG FGwEG wAz NAz JwINUNAPGQ CBFRGRBAF BO GQN xUHN wAz ENz
FRzNF wEN zRffiNENAG xNGJNNA GQN BxFNEIwGRBAF# rRUwyyQRBAN NG wU–
“—‘—‘¯ FNG Wfi‘‘‘-4fi‘‘‘ : OBE GQN xUHN FRzN wAz 4fi‘‘‘-7fi‘‘‘ :
OBE GQN ENz FRzNfi rEwGGRA NG wU– “—‘06¯ FNG Wfi7‘‘-”fiW8‘ : OBE GQN
xUHN FRzN wAz ”fiW8‘-7fi7—‘ : OBE GQN ENz FRzNfi wAz JN FNG Wfi‘‘‘-
4fi4‘‘ : wAz 4fi”‘‘-6fi8‘‘ : OBE GQN xUHN wAz ENz FRzNFfi ENFCNy]
GRINUL– tBJNINEfi GQN FCNyGEwU ENPRBA JQNEN JwGNE RyN FQBJF RGF
QRPQNFG GEwAFCwENAyL “wG −Wfi‘‘‘-4fi‘‘‘ :Å cHTwR 087”Å mwEENA
—‘08¯ RF wUJwLF yBINENz xL GQN xUHN FRzNF BO GQN BxFNEIwGRBAFfi
FHyQ GQwG JN yBHUz ENURwxUL VBARGBE wAL yBVCBFRGRBAwU IwERwGRBA
RAzHyNz xL GQN JwGNE]RyN FHxURVwGRBA– jQN yQwAPN RA GQN wxFBEC]
GRIRGL BO GQN VRKGHEN BO GQN BGQNE GJB VwSBE VwGNERwUF “FRURywGNF
wAz ywExBAwyNBHF yBVCBANAGF¯ RF yBAGRAHBHF BINE Wfi‘‘‘-8fi‘‘‘
: GB w UwEPN NKGNAG “ZBEFyQANE NG wU– 0884Å aBUBTBUBIw ´ vByTNEF
0886¯– jQN zRffiNENAyNF RA < xNGJNNA GQN BxFNEIwGRBAF “BA wI]
NEwPN −8‘|fi −8‘|fi wAz −06| OEBV RAANE GB BHGNE yBVw EwzRHF¯
JBHUz yQwAPN GQN NKwyG IwUHN BO ENzzNARAP– tBJNINEfi JN NK]
CNyG GQwG w JNwT “!0 ;¯ zNCNAzNAyN BO GQN zHFG yBUBHE BA
GQN CQwFN wAPUN “vNJRGG ´ cNNyQ 087”Å sHFGwOFBA ´ aBUBTBUBIw
0888Å aRVHEw NG wU– —‘‘2Å aBUBTBUBIw NG wU– —‘‘WÅ XNEGRAR NG wU–
—‘06¯ TNNCF GQN BxFNEINz ENzzNARAP GENAz IwURz–

rge9 009 jQN EwzRwU NIBUHGRBA BO GQN FCNyGEwU FUBCN BO GQN zHFG CwEGR]
yUNF BO ”6f RA ; “0fi‘‘‘ :¯≈0– YREyUNF RAzRywGN GQN wINEwPN IwUHN BO BHE
GQENN]NCByQ yBUBHE zwGw “rRP– 8w¯– XUHN wAz ENz FLVxBUF RAzRywGN FCNy]
GEwU FUBCNF VNwFHENz wG JwINUNAPGQF FQBEGJwEz wAz UBAPJwEz BO GQN RA]
,NyGRBA CBRAG– tBERMBAGwU NEEBE xwEF BO GERwAPUNF FCwA GQN yBVNGByNAGERy
zRFGwAyN “0–‘-—–4 TV¯ luhjui yBINENzfi JQRUN GQNRE INEGRywU NEEBE xwEF
zNABGN GQN NEEBE BO GQN JNRPQGNz VNwA BO BxFNEIwGRBAF “R–N– GQN FGwAzwEz
zNIRwGRBA zRIRzNz xL GQN FDHwEN EBBG BO GQN AHVxNE BO GQN zwGw CBRAGF¯
xNGJNNA kj —‘0” vwAHwEL wAz NwEUL cwEyQ–

rRP– 00 FQBJF w FLAGQNFRF BO GQN FCNyGEwU FUBCNF RA ;
“0fi‘‘‘ :¯≈0 VNwFHENz wG zRffiNENAG yBVNGByNAGERy zRFGwAyNF– jQN
ENzzNARAP BO GQN zHFG wF RG VBINF BHGJwEz GQN AHyUNHF RF
yUNwEUL FQBJA– fEBIRzNz GQwG yBUBHE yQwAPNF ENFHUG OEBV GQN
yQwAPNF RA zHFG CwEGRyUNF& yBVCBFRGRBAwU wAz+BE CQLFRywU CEBC]
NEGRNF “aBUBTBUBIw NG wU– —‘‘W¯fi JN yBHUz [EFG EHUN BHG GQN UwGGNE
NffiNyG FRAyN GQN hBFNGGw BxFNEIwGRBAF yBA[EV GQN wxFNAyN BO wAL
FLFGNVwGRy FQROG BO zHFG wPPUBVNEwGNF RAGB GQN FVwUUNE FRMN zRFGER]
xHGRBA RA GQN CEByNFF BO zHFG VBIRAP BHG BO GQN AHyUNHF wG UNwFG
RA GQN σ4‘‘ TV zRFGwAyN EwAPN “rHUUN NG wU– —‘0”Å rEwGGRA NG wU–
—‘—0¯– jQNAfi RA GNEVF BO yQwAPN RA GQN zHFG yBVCBFRGRBAfi GQN Bx]
FNEINz GENAz RA yBUBHE yBHUz FHCCBEG GQN FHxURVwGRBA BO JwGNE]RyN

CwEGRyUNF RA GQN yBVw BO ”6f RAONEENz OEBV GQN hBFNGGw BxFNEIw]
GRBAF RA NwEUL —‘0”– jQN zRffiNENAG zNPENN BO ENzzNARAP RA GQN xUHN
wAz ENz FRzNF RF wUFB yBAFRFGNAG JRGQ GQRF FyNAwERB– �UU xUHN FRzNF
RA rRP– 00 yBINE GQN Wfi‘‘‘-4fi‘‘‘ : ENPRBA “JQNEN GQN JwGNE RyN
QwF w VRARVHV RA GQN RVwPRAwEL RAzNK BO ENOEwyGRBA¯Å GQHFfi RG
JBHUz xN AwGHEwU GQwG GQN FHxURVwGRBA RVCwyG JBHUz xN VBEN FRP]
AR[ywAG GQNENRA GQwA BA GQN ENz FRzN–

mN CNEOBEVNz wA BEzNE]BO]VwPARGHzN NFGRVwGRBA GB yBASNy]
GHEN GQN CBFFRxUN wVBHAG BO JwGNE]RyN NVxNzzNz RA GQN zHFG CwE]
GRyUNF wAz GQNENOEBV GQNRE ENOEwyGBEL]GB]RyN EwGRB– cBFG BO GQN CwE]
GRyUNF VBIN EwzRwUUL OEBV GQN AHyUNHF “rEwGGRA NG wU– —‘—0¯– rBE
FRVCURyRGL RA GQN ywUyHUwGRBAfi JN wFFHVN GQwG “R¯ GQN FHxURVw]
GRBA FGwEGF BA NSNyGRBA “‘ TV RA wUGRGHzN¯ wAz NAzF wG 0fi‘‘‘ TVfi
EBHPQUL yBAFRFGNAG JRGQ GQN BxFNEINz yNAGEwU yUHFGNERAP BO GQN
RAGNAFRGL BO GQN äeufl URAN “eCRGBV NG wU– —‘—‘¯Å “RR¯ JwGNE RyN NK]
RFGF wF CHEN BANfi JQRyQ VRPQG xN w CEBCNE GENwGVNAG xwFNz BA
GQN hBFNGGw BxFNEIwGRBAF “N–P– rRUwyyQRBAN NG wU– —‘0”¯Å wAz “RRR¯
CHEN JwGNE]RyN wAz ENOEwyGBEL zHFG yBNKRFG ABG RA GQNEVwU yBAGwyG
“owAP NG wU– —‘‘8¯ FHyQ GQwG GQN RyN TNNCF RGF UBJ GNVCNEwGHEN
zHERAP FHxURVwGRBA– sRINA GQN INUByRGL BO 0‘‘ /V zHFG BO −BEzNE
BO 0‘ V F≈0 “rHUUN NG wU– —‘0‘Å sE)A NG wU– —‘0”¯fi RG GwTNF wCCEBK]
RVwGNUL 0‘4 F GB ENwyQ GQN NAzCBRAG– �AL FRMN BO 0-0fi‘‘‘ /V BO
CHEN RyN VRPQG FHEIRIN OBE GQN GRVN wG qt − —–4 wH “cHTwR 087”¯–
jQN EwGN BO FRMN zNyENwFN BO GQN RyN xL FHxURVwGRBA ywA xN NK]
CENFFNz wF
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“cHTwR ´ iyQJNQV 0870¯fi JQNEN w RF GQN EwzRHF BO GQN zHFG CwE]
GRyUNfi s RF GQN GRVN “0‘4 F¯fi / RF GQN VNwA VBUNyHUwE JNRPQG BO Jw]
GNE RyNfi VC RF RGF wGBVRy VwFF HARGfi θ RF GQN VwFF zNAFRGL BO JwGNE]
RyN “0fi‘‘‘ TP V≈2 RF HFNz¯fi TX RF GQN XBUGMVwAA&F yBAFGwAGfi wAz
j RF GQN JwGNE]RyN GNVCNEwGHEN wG GQN PRINA QNURByNAGERy zRFGwAyN
“−0—‘ a OBE CHEN RyNÅ cHTwR 087”¯– CI“j¯ VNwAF GQN FwGHEwGNz
IwCBHE CENFFHEN BO GQN JwGNE RyN wG j OBE JQRyQ JN wzBCGNz GQN
NDHwGRBA BO bwVL “086W¯ IwURz wG UBJ GNVCNEwGHEN

UBP CI“j ¯ & ≈
—W”0
j

> 2,746 UBPj > 2,W0 ∗ 0‘≈2j

> W,764 ∗ 0‘≈7j — > W,22— ,
“07¯

iHxFGRGHGRAP GQN IwUHNF OBE CHEN JwGNE RyN RAGB qDF– 06 wAz 07fi GQN
FRMN BO JwGNE RyN OBE 0‘4 F ENzHyNF xL −W‘ /V RA URANwE zRVNA]
FRBA– sRINA GQwG NINA GQN ABA]OEwPVNAGRAP zHFG wPPUBVNEwGNF NK]
QRxRG GQNRE RAANE FGEHyGHEN DHRGN JNUU “tBEAHAP NG wU– —‘0”¯fi JN
wFFHVN GQwG GQN JwGNE RyN ENFRzNF GBC W‘ /V yEHFG BO GQN 0‘‘]/V]
FRMNz FCQNERywU zHFG wPPUBVNEwGN “GQN zHFG yBAFRzNENz RA iNyG–
W–0¯– jQRF ENFHUGF RA GQN EwzRHF BO wA RARGRwUUL NSNyGNz zHFG CwEGRyUN
“xNOBEN FHxURVwGRBA¯ GB xN −0W‘ /V7– jB VwTN FHyQ zHFG CUwH]
FRxUN wUxNzB]JRFNfi xL GwTRAP RAGB wyyBHAG GQN IBUHVN OEwyGRBA BO
RyN wxHAzwAyN BO GQN xERPQG FCBGF BA GQN ”6f FHEOwyN BA wINEwPN
BO W IBU–; “0-6–— IBU–;Å XwEHyyR NG wU– —‘0”¯fi JN OHEGQNE wFFHVN
GQwG W ; BO GQN IBUHVN BO GQN GBC yEHFG yBAFRFGF BO GQN RyN CwEGR]
yUNF– �F w ENFHUGfi JN BxGwRA GQN IBUHVN OEwyGRBA BO JwGNE RyN RA
GQN RARGRwUUL NSNyGNz zHFG wF −” ; wAz GQNRE ENOEwyGBEL]GB]RyN EwGRB
BO −0W– jQN zHFG zNAFRGL RF GQNA

θRARG & θy ey > θiR eiR > θRyN eRyN φ “08¯

7 uO GQN RyN]xNwERAP yBAFGRGHNAGF QwIN wA RAGRVwGN VRKGHEN BO RyN wAz
ENOEwyGBERNF RA ABGRyNwxUN GQNEVwU yBAGwyGfi HAURTN wFFHVCGRBAF QNENRAfi
GQNA GQN ENFHUGwAG FRMN BO GQN zHFG CwEGRyUNF ANNzF GB xN yNAGRVNGEN]FRMNz
BE UwEPNE “cHTwR 087”Å cwETTwANA ´ �PwEJwU —‘—‘¯–

�EGRyUN AHVxNEfi CwPN 0— BO 04



o– s– aJBA NG wU–# iCNyGEBCBUwERVNGERy FGHzL BO yBVNG ”6f RA RGF —‘0” BHGxBHAz CQwFN

JQNEN

ey > eiR > eRyN > eIBRzφRARG & 0 , “—‘¯

tNEN eIBRzφRARG zNABGNF GQN RARGRwU IBRz IBUHVN OEwyGRBA “xNOBEN
FHxURVwGRBA¯fi BxGwRANz xL FHxGEwyGRAP GQN RyN OEwyGRBA “ eRyN¯ OEBV
GQN yBAFGEwRANz CBEBFRGL “‘–”¯ RA iNyG– W–0– ey & ‘–2 wAz eiR & ‘–0
wEN HFNz wF RA GQN CENIRBHF FNyGRBA– jQN ENFHUGwAG θRARG RF −72‘ TP
V≈2– iRAyN GQN IBUHVN BO GQN zHFG CwEGRyUNF RF VBFGUL ByyHCRNz
xL ENOEwyGBEL VwGNERwUFfi GQN yQwAPN BO VNyQwARywU FGENAPGQ
wOGNE GQN FHxURVwGRBA JBHUz xN ANPURPRxUN “twwyT NG wU– —‘—‘¯–
�FFHVRAP GQwG GQN GNAFRUN FGENAPGQF BO JwGNE]RyN wAz BEPwARy
VwGNERwUF RA GQN zHFG wEN ABG FRPAR[ywAGUL zRffiNENAG OEBV GQwG BO
FRURywGNF “sHAzUwyQ NG wU– —‘07Å XRFyQBffi NG wU– —‘—‘¯fi OEBV qD–
4 RA cNRFANE NG wU– “—‘0—¯fi BHE [UURAP OwyGBE BO GQN zHFG HCBA
NSNyGRBA “0 ≈ eIBRzφRARG¯ yBEENFCBAzF GB RGF GNAFRUN FGENAPGQ BO −7–—
Tfw– jQRF NFGRVwGNz GNAFRUN FGENAPGQ RF VHyQ QRPQNE GQwA GQN
ENFHUG BO GQN zHFG FQBJRAP ywGwFGEBCQRy OEwPVNAGwGRBA CwGGNEAF
xHG JNUU yBAFRFGNAG JRGQ GQN BAN BO zHFG FQBJRAP AB BE FURPQG
OEwPVNAGwGRBAF RA GQN yBUUNyGRBA BO GQN Yeiuc� NKCNERVNAG
“tBEAHAP NG wU– —‘0”Å bwAPNIRA NG wU– —‘0”¯–

4: itVVwDL

mN CENFNAG ANJ lbj FCNyGEBCBUwERVNGERy BxFNEIwGRBAF BO yBVNG
”6f+YQHELHVBI]sNEwFRVNATB BxGwRANz wG GQN NAz BO RGF RAGNAFN
iBHGQNEA FHVVNE– jQNFN zwGwFNGF PRIN HF FRVHUGwANBHF CBUwER]
VNGERy wAz yBUBERVNGERy IRNJF wG BCGRywU JwINUNAPGQF– jQN VwRA
ENFHUGF BO GQN wAwULFRF wEN wF OBUUBJF–

0– jQN fE BO ”6f zHFG RF CBFRGRIN wG < & —”|,—W BA kj —‘0”
vwA 0—fi wAz ANPwGRIN wG < & 07|,W6 wAz 4|,W8 BA kj —‘0”
rNx ‘W wAz kj —‘0” cwE ‘Wfi ENFCNyGRINULfi wF NKCNyGNz OEBV
GQN BxFNEIwGRBAF BO BGQNE yBVNGwEL zHFG CwEGRyUNF– jQNRE
JwINUNAPGQ zNCNAzNAyNF fE“µ¯ BINE Wfi‘‘‘-8fi‘‘‘ : wEN
“‘–0W ≤ ‘–‘7¯ ; “0fi‘‘‘ :¯≈0fi “≈‘–‘2 ≤ ‘–‘6¯ ; “0fi‘‘‘ :¯≈0fi
wAz “‘–‘2 ≤ ‘–0—¯ ; “0fi‘‘‘ :¯≈0 OBE GQN GQENN zwGNFfi JQRyQ
wEN VHyQ ,wGGNE GQwA GQBFN BO GQN zHFG BO BGQNE yBVNGFfi
NFCNyRwUUL UBAP]CNERBz yBVNGF wAz —u+XBERFBI wG FRVRUwE
BxFNEIRAP PNBVNGERNF–

—– jQN GERPBABVNGERy OHAyGRBA zNFyERxRAP GQN zNCNAzNAyN BO
”6f zHFG&F fE BA GQN CQwFN wAPUN fE“<¯ ywA xN CwEwVNGNERFNz
xL a & 4—–2— ≤ —‘–76 ;fi b0 & 0–‘0 ≤ ‘–—Wfi b— & 8–88 ≤
4–7—fi wAz <‘ & —0|,60 ≤ ‘|,40– jQN URVRGNz < yBINEwPN “σW‘|¯
wAz GQN FVwUU AHVxNE BO GQN wIwRUwxUN ”6f zwGw LRNUzF UwEPN
NEEBEF BO GQN [GGRAP CwEwVNGNE afi JQRyQ RF ENUNIwAG GB GQN
wVCURGHzN BO GQN CQwFN yHEIN– jQN CBFG]CNERQNURBA zwGw BO
”6f zHFG wCCNwE VBEN FGEBAPUL CBUwERFNz GQwA CEN]CNERQNURBA
wG < β ——|fi xHG GQN AHVxNE BO CEN]CNERQNURBA zwGw FNGF RF
RAFH/yRNAG GB VwTN wAL [EV yBAyUHFRBAF– jQN zNCGQ BO GQN
dfX BO ”6f zHFG RF FURPQGUL FQwUUBJNE GQwA GQBFN BO GQN UBAP]
wAz ABA]CNERBz yBVNGFfi xHG yBVCwEwxUN GB BGQNE FQBEG]CNERBz
yBVNGF–

2– jQN wxFBUHGN IwUHN BO GQN fE wG GQN PRINA < RA GQN dfX
wCCNwEF GB zNyENwFN “R–N– w zNyENwFN RA GQN zNCGQ BO GQN
dfX¯ xNGJNNA wCCwERGRBAF– jQN JNRPQGNz VNwA BO GQN fE
zNCwEGHEN OEBV GQN wINEwPN GENAz RF “≈‘–2‘ ≤ ‘–0‘¯ ;fi “‘–—4
≤ ‘–02¯ ;fi wAz “‘–W” ≤ ‘–04¯ ; OBE GQN 0872fi —‘‘8fi wAz
—‘04 wCCwERGRBAFfi ENFCNyGRINUL–

W– jQN ”6f&F zHFG yBUBHE ENVwRAF ANwEUL yBAFGwAG BINE GQN GJB
VBAGQF RA NwEUL —‘0”– uG FQBJF ENz yBUBHEfi JRGQ wA RA,NyGRBA
CBRAG wEBHAz 44‘‘ :– jQN ABEVwURFNz FCNyGEwU FUBCNF BO GQN
FQBEGJwEz “xUHN FRzNÅ Wfi‘‘‘-4fi‘‘‘ :¯ wAz UBAPJwEz “ENz
FRzNÅ 4fi”‘‘-6fi8‘‘ :¯ BO GQN CBRAG wEN “06–2 ≤ 0–W¯ ; “0fi‘‘‘
:¯≈0 wAz “0‘–8 ≤ ‘–”¯ ; “0fi‘‘‘ :¯≈0fi ENFCNyGRINUL– ”6f zHE]
RAP GQRF GNEV zRFCUwLF w FURPQGUL ENzzNE xHG BINEwUU yBAFRFGNAG
zHFG yBUBHE JRGQ GQN wINEwPN BO wyGRIN vHCRGNE]rwVRUL yBVNGF–

4– eHE BxFNEIwGRBAF BO ”6f RA NwEUL —‘0” wEN yBVCwGRxUN JRGQ
GQN URPQG FywGGNERAP xNQwIRBHE BO GQN ABA]OEwPVNAGRAP zHFG
wPPUBVNEwGNF ENGERNINz OEBV GQN hBFNGGw BxFNEIwGRBAF– jB
NFGRVwGN GQN CUwHFRxUN CBEBFRGL BO GQN zHFGfi JN yBAFGEHyG
w FRVCUN URPQG FywGGNERAP VBzNUfi FNGGRAP w FCQNERywU zHFG
wPPENPwGN CwEGRyUN BO 0‘‘ /V RA FRMN– jQN zHFG yBAFRFGF BO
FCQNERywU VBABVNEF OBUUBJRAP w CBJNE]UwJ FRMN zRFGERxHGRBA
JRGQ GQN zRffiNENAGRwU RAzNK BO ≈2 wAz GQN VRARVHV wAz
VwKRVHV FRMNF BO ‘–‘4 /V wAz ‘–—4 /Vfi ENFCNyGRINUL–
qwyQ VBABVNE ENCENFNAGF BAN GLCN BO yBVCBFRGRBAfi NRGQNE
wVBECQBHF ywExBA BE FRURywGNfi yBAFGRGHGRAP 64 IBU–; wAz —4
IBU–; RA ENOEwyGBEL VwGNERwUFfi ENFCNyGRINUL– jQN zHFG CBEBFRGL
BO −”‘ ; FQBJF GQN xNFG VwGyQ JRGQ BHE CBUwERVNGERy ENFHUGF–
mN wUFB GNFG w zHFG VRKGHEN BO ”4 IBU–; BO wVBECQBHF ywExBA
wAz 24 IBU–; BO FRURywGNfi xHG RGF CBUwERVNGERy CEBCNEGRNF wEN
OBHAz GB xN RAyBAFRFGNAG JRGQ GQN BxFNEINz fY wAz fE BO ”6f
zHFG– jQN ENFHUGwAG zNAFRGL RF −66‘ TP V≈2fi QRPQNE GQwA GQN
xHUT zNAFRGL BO GQN ”6f AHyUNHF xHG yBAFRFGNAG JRGQ GQN zNA]
FRGL BO yBVCwyG CwEGRyUNF zNGNyGNz xL GQN su�Z� NKCNERVNAG–

”– YBVCRURAP GQN yBUBHE zwGw BxGwRANz OEBV GQN hBFNGGw “luh]
jui wAz eiuhui¯ wAz BHE PEBHAz]xwFNz BxFNEIwGRBAF RA NwEUL
—‘0”fi JN [Az GQN FRPAwGHEN BO JwGNE]RyN FHxURVwGRBA wAz GQN
NAFHRAP ENzzNARAP BO GQN zHFG yBUBHE wF GQN EwzRwU zRFGwAyN RA]
yENwFNF– rEBV wA BEzNE]BO]VwPARGHzN NFGRVwGRBAfi GQN IBUHVN
EwGRB BO JwGNE]RyN NVxNzzNz RA GQN zHFG CwEGRyUNF xNOBEN FHxUR]
VwGRBA RF NKCNyGNz GB xN −” ;fi LRNUzRAP GQN ENOEwyGBEL]GB]RyN
IBUHVN EwGRB BO GQN zHFG wF −0W– YBAFNDHNAGULfi RGF zNAFRGL
wAz GNAFRUN FGENAPGQ JBHUz xN −72‘ TP V≈2 wAz −7–— Tfwfi
ENFCNyGRINUL– jQN ENGERNINz GNAFRUN FGENAPGQ RF yBAFRFGNAG JRGQ
GQN BAN zNERINz OEBV GQN zHFG CwEGRyUNF FQBJRAP AB BE FURPQG
OEwPVNAGwGRBA CwGGNEAF RA GQN Yeiuc� yBUUNyGRBA–

jQN BxFNEIwGRBAF CENFNAGNz QNEN FHPPNFG GQN PENwG CBGNAGRwU
BO CBUwERVNGEL wF w GBBU GB yBAFGEwRA CQLFRywU CEBCNEGRNF BO
yBVNGwEL zHFG wAz NKwVRAN wAL zRffiNENAyNF GQNENRA xNGJNNA
UNFF]wUGNENz ABA] wAz UBAP]CNERBz yBVNGF wAz ENUwGRINUL FRAGNENz
FQBEG]CNERBz yBVNGF– mN wAGRyRCwGN GQwG GQRF BxFNEIRAP VBzN
JBHUz QNUC yQwEwyGNERFN zHFG CEB[UNF BO w UwEPN AHVxNE BO
yBVNGF RA GQN LNwEF GB yBVNfi NFCNyRwUUL OBE JQRyQ BAUL PEBHAz]
xwFNz BxFNEIwGRBAF wEN wIwRUwxUN–

�bTAXIUNcPNVNAsFm mN GQwAT sRwAERyB rRUwyyQRBAN wAz qURFw rEwGGRA OBE CEBIRz]
RAP GQN hBFNGGw luhjui wAz eiuhui CBRAGF RA rRP– 00– osa PEwGNOHUUL wyTABJU]
NzPNF GQN FHCCBEG BO GQN �UNKwAzNE IBA tHVxBUzG rBHAzwGRBA– v� wyTABJUNzPNF
OHAzRAP xL GQN lBUTFJwPNA rBHAzwGRBA– v�– wAz vc– wyTABJUNzPN OHAzRAP OEBV
GQN qHEBCNwA kARBA&F tBERMBA —‘—‘ ENFNwEyQ wAz RAABIwGRBA CEBPEwVVN HAzNE
PEwAG wPENNVNAG dB 64628‘ Y�FGh�– �Ybh wyTABJUNzPNF FHCCBEG OEBV GQN
rENAyQ iCwyN �PNAyL “Ydqi¯fi RA ENUwGRBA JRGQ hBFNGGw wAz YBVNG uAGNEyNCGBE
VRFFRBAF– Yi wyTABJUNzPNF OHAzRAP OEBV GQN ka ijrYfi PEwAGF ij+b‘‘W4”8+0
wAz ij+l‘‘‘47”+0– jQRF FGHzL RF xwFNz BA BxFNEIwGRBAF yBUUNyGNz wG GQN qHEB]
CNwA iBHGQNEA exFNEIwGBEL HAzNE qie CEBPEwVVN ‘8”–Y]‘7—0–

hdOdDdAydr

�PwEJwUfi v–fi �&tNwEAfi c– r–fi lRAyNAGfi v–]X–fi NG wU– —‘0”fi cdh�ifi W”—fi i67
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�<� CEBBOF# VwAHFyERCG AB– ”6fYsélbjéFCCBUéLTJBAéENIéGJByBU

�&tNwEAfi c– �– 087Wfi �vfi 78fi 468
XwPAHUBfi i–fi bwAzBU[fi c–fi bwAzFGENNGfi v– Z–fi NG wU– —‘‘8fi f�iffi 0—0fi 882
XwPAHUBfi i–fi YBKfi d– b– v–fi YRTBGwfi �–fi NG wU– —‘06fi �´�fi ”‘7fi 0W”
XwPAHUBfi i–fi YNUURABfi �–fi aBUBTBUBIwfi b–fi NG wU– —‘—0fi dwG– YBVVHA–fi 0—fi 0686
XwEzLAfi �–fi XwTUBHGRfi Z–fi YBGGRAfi t–fi NG wU– —‘06fi cdh�ifi W”8fi i60—
XwEHyyRfi c– �–fi rRUwyyQRBANfi s–fi rBEAwFRNEfi i–fi NG wU– —‘0”fi �´�fi 484fi �0‘—
XNAGUNLfi c– i–fi iyQVRNzfi h–fi cwAANUfi j–fi NG wU– —‘0”fi dwGHENfi 426fi 62
XNEGRARfi u–fi bw rBEPRwfi r–fi jHxRwAwfi Y–fi NG wU– —‘06fi cdh�ifi W”8fi iW‘W
XNEGRARfi u–fi bw rBEPRwfi r–fi rHUUNfi c–fi NG wU– —‘08fi cdh�ifi W7—fi —8—W
XRNUNfi v–fi kUwVNyfi i–fi cwRxwHVfi c–fi NG wU– —‘04fi iyRNAyNfi 2W8fi www870”
XRFyQBffifi Z–fi aENHMRPfi Y–fi twwyTfi Z–fi sHAzUwyQfi X–fi ´ XUHVfi v– —‘—‘fi cdh�ifi
W86fi —406

XBQNAQwEzGfi t–fi hRffiNFNEfi �–fi aUHPNfi c–fi NG wU– —‘0”fi cdh�ifi W”—fi 26”
XBQENAfi Y–fi ´ tHffiVwAfi Z– 0872fi �xFBECGRBA wAz iywGGNERAP BO bRPQG xL iVwUU
fwEGRyUNF “dNJ oBET# mRUNL iBAF¯

YQNEABIwfi s– f–fi aRFNUNIfi d– d–fi ´ vByTNEFfi a– 0882fi uywEHFfi 0‘2fi 0WW
YRTBGwfi �–fi fwGwGfi r–fi YRTBGwfi i–fi ´ rwEwAfi j– —‘06fi cdh�ifi W”Wfi W0W”
ZwGFBAfi v–fi rULAAfi Y–fi ´ fBEGRAwERfi b– —‘04fi �´�fi 46Wfi �0—W
ZNUUw YBEGNfi l–fi hBGHAzRfi �–fi rHUUNfi c–fi NG wU– —‘04fi �´�fi 472fi �02
ZBEFyQANEfi v–fi XNPNVwAAfi X–fi tNAARAPfi j–fi vüPNEfi Y–fi ´ cHGFyQTNfi t– 0884fi
�´�fi 2‘‘fi 4‘2

qVNELfi v– —‘‘—fi fQZ jQNFRFfi GQN kARINEFRGL BO �ERMBAw
rRUwyyQRBANfi s–fi ZN iwAyGRFfi c– Y–fi YwCwyyRBARfi r–fi NG wU– dwGHENfi 4—8fi 2”7
rRUwyyQRBANfi s–fi YwCwyyRBARfi r–fi YRwEARNUUBfi c–fi NG wU– dwGHENfi 467fi W8
rBEAwFRNEfi i–fi twFFNUVwAAfi f–fi XwEHyyRfi c– �–fi NG wU– —‘04fi �´�fi 472fi �2‘
rHUUNfi c–fi YBUwAPNURfi b–fi �PwEJwUfi v–fi NG wU– —‘0‘fi �´�fi 4——fi �”2
rHUUNfi c–fi �UGBxNUURfi d–fi XHEwGGRfi X–fi NG wU– —‘0”fi cdh�ifi W”—fi —
rHUUNfi c–fi ZNUUw YBEGNfi l–fi hBGHAzRfi �–fi NG wU– —‘06fi cdh�ifi W”8fi iW4
rHUUNfi c–fi XUHVfi v–fi hBGHAzRfi �–fi NG wU– —‘—‘fi cdh�ifi W82fi W‘28
rEwGGRAfi q–fi YENVBANFNfi s–fi iRVRBARfi q–fi NG wU– —‘06fi cdh�ifi W”8fi i084
rEwGGRAfi q–fi XNEGRARfi u–fi uIwABIFTRfi i– b–fi NG wU– —‘—0fi cdh�ifi 4‘Wfi W”76
sE)Afi q–fi �PwEJwUfi v–fi �UGBxNUURfi d–fi NG wU– —‘0”fi cdh�ifi W”—fi i——‘
sHAzUwyQfi X–fi iyQVRzGfi a– f–fi aENHMRPfi Y–fi NG wU– —‘07fi cdh�ifi W68fi 0—62
sHAzUwyQfi X–fi rHUUNfi c–fi ´ XUHVfi v– —‘—‘fi cdh�ifi W82fi 2”8‘
sHFGwOFBAfi X– :– i–fi ´ aBUBTBUBIwfi b– 0888fi v– sNBCQLF– hNF–fi 0‘Wfi 20600
s)GGUNEfi Y–fi cwAANUfi j–fi hBGHAzRfi �–fi NG wU– —‘08fi �´�fi —Wfi 0
twwyTfi Z–fi eGGBfi a–fi sHAzUwyQfi X–fi NG wU– —‘—‘fi �´�fi ”W—fi �—07
twzwVyRTfi q–fi ´ bNIwFFNHE]hNPBHEzfi �– Y– —‘‘2wfi v– gHwAG– iCNy– hw]
zRwG– jEwAFO–fi 68fi ””0

twzwVyRTfi q–fi ´ bNIwFFNHE]hNPBHEzfi �– Y– —‘‘2xfi �´�fi W‘2fi 646
twzwVRyTfi q–fi ´ bNIwFFNHE]hNPBHEzfi �– Y– —‘‘8fi f´iifi 46fi 0007
twzwVyRTfi q–fi iNAfi �– a–fi bNIwFFNHE]hNPBHEzfi �– Y–fi sHCGwfi h–fi ´ bwFHNfi v–
—‘0‘fi �´�fi 406fi �7”

twzwVyRTfi q–fi bNIwFFNHE]hNPBHEzfi �– Y–fi tRANFfi Z– Y–fi NG wU– —‘0”fi cdh�ifi
W”—fi 4‘6

twAANEfi c– i–fi jNzNFyBfi q–fi jBTHAwPwfi �– j–fi NG wU– 0874fi uywEHFfi ”Wfi 00
twAFNAfi a– Y–fi �UGJNPPfi a–fi XNEGQNURNEfi v–]v–fi NG wU– —‘0”fi cdh�ifi W”—fi iW80
tBEAHAPfi a–fi cNEBHwANfi i–fi tRUyQNAxwyQfi c–fi NG wU– —‘0”fi f´iifi 022fi ”2
uIwABIwfi e–fi hBFNAxHFQfi l–fi aRFNUNIfi d–fi �OwAwFRNIfi l–fi ´ aBEFHAfi f– —‘06fi cd]
h�ifi W”8fi 27”

vüPNEfi Y–fi cHGFyQTNfi t–fi ´ tNAARAPfi j– 0887fi �´�fi 22—fi —80
vNJRGGfi Z–fi ´ cNNyQfi a– v– 087”fi �vfi 20‘fi 826
vNJRGGfi Z–fi YQRMVwzRwfi b–fi sERVVfi h–fi ´ fERwUARTfi Z– —‘‘6fi RA hNRCHEGQfi l– X–fi vN]
JRGGfi Z–fi aNRUfi a–fi NzFfi fEBGBFGwEF wAz fUwANGF l– kARI– �ERMBAw fENFFfi jHyFBAfi
7”2

vNJRGGfi Z– —‘04fi �vfi 04‘fi —‘0
vBANFfi s– t–fi aARPQGfi c– c–fi XwGGwVFfi a–fi NG wU– —‘07fi iCwyN iyR– hNI–fi —0Wfi —‘
vBEzwfi b–fi swFTNUUfi h–fi YwCwAAwfi Y–fi NG wU– —‘0”fi uywEHFfi —66fi —46
aRTHyQRfi i– —‘‘”fi v– gHwAG– iCNy– hwzRwG– jEwAFO–fi 0‘‘fi 068
aRVHEwfi t–fi aBUBTBUBIwfi b–fi ´ cwAAfi u– —‘‘2fi �´�fi W‘6fi b4
aRVHEwfi t–fi aBUBTBUBIwfi b–fi ´ cwAAfi u– —‘‘”fi �´�fi WW8fi 0—W2
aRFNUNIfi d–fi ´ lNURyQTBfi r– 088”fi qc´ffi 67fi 2W6
aRFNUNIfi d–fi hBFNAxHFQfi l–fi aBUBTBUBIwfi b–fi ´ bNIwFFNHE]hNPBHEzfi �– Y– —‘04fi
RA fBUwERVNGEL BO iGwEF wAz fUwANGwEL iLFGNVFfi Nz– b– aBUBTBUBIwfi v– tBHPQfi
´ �– Y– bNIwFFNHE]hNPBHEz “YwVxERzPN# YwVxERzPN kARI– fENFF¯fi 268

aRFNUNIfi d–fi iQHxRAwfi q–fi lNURyQTBfi i–fi vByTNEFfi a–fi hBFNAxHFQfi l–fi wAz aRTHyQRfi
i– “NzF–¯fi YBVCRUwGRBA BO YBVNG fBUwERVNGEL OEBV fHxURFQNz wAz kACHxURFQNz
iBHEyNFfi HEA#AwFw#CzF#yBVCRU]yBVNG#CBUwERVNGEL##0–‘fi d�i� fUwANGwEL ZwGw
iLFGNVfi —‘06

aBOVwAfi m–fi tNERDHNfi �–fi XwExRAfi o–fi NG wU– —‘04fi iyRNAyNfi 2W8fi ”—W6
aBOVwAfi m–fi pRANfi i–fi tNERDHNfi �–fi NG wU– —‘—‘fi cdh�ifi W86fi —”0”
aBUBTBUBIwfi b–fi vByTNEFfi a–fi YQNEABIwfi s–fi ´ aRFNUNIfi d– 0886fi uywEHFfi 0—”fi 240
aBUBTBUBIwfi b–fi ´ vByTNEFfi a– 0886fi fiifi W4fi 04W2
aBUBTBUBIwfi b–fi vByTNEFfi a–fi sHFGwOFBAfi X– :fi i–fi ´ bRyQGNAxNEPfi s– —‘‘0fi
v– gHwAG– iCNy– hwzRwG– jEwAFO–fi 0‘”fi 0‘002

aBUBTBUBIwfi b–fi twAANEfi c– i–fi bNIwFFNHE]hNPBHEzfi �– Y–fi ´ sHFGwOFBAfi X– :– i–
—‘‘Wfi RA YBVNGF uufi NzF– c– rNFGBHfi t– k– aNUUNEfi ´ t– �– mNwINE “jHyFBA#
kARINEFRGL BO �ERMBAw fENFF¯fi 466

aBUBTBUBIwfi b–fi ZwFfi t– i–fi ZHxBIRTfi e–fi bwCLBABTfi j–fi ´ owAPfi f– —‘04fi f´iifi
00”fi 2‘

aBUBTBUBIwfi b–fi dwPzRVHABIfi b–fi ´ cwyTBJFTRfi Z– —‘07fi v– gHwAG– iCNy– hw]
zRwG– jEwAFO–fi —‘Wfi 027

aARPQGfi c– c–fi iABzPEwFFfi Y–fi lRAyNAGfi v–]X–fi NG wU– —‘06fi cdh�ifi W”8fi ””0
aJBAfi o– s–fi uFQRPHEBfi c–fi iQRAAwTwfi o–fi NG wU– —‘07fi �´�fi ”—‘fi �0”0
aJBAfi o– s–fi uFQRPHEBfi c–fi aJBAfi v–fi NG wU– —‘08fi �´�fi ”—8fi �0—0
aJBAfi o– s–fi aBUBTBUBIwfi b–fi �PwEJwUfi v–fi cwETTwANAfi v– —‘—0fi �´�fi ”4‘fi b6
bwVLfi f– b– 086Wfi �´�fi 24fi 086
bwAPNIRAfi o–– tRUyQNAxwyQfi c–fi bRPRNEfi d–fi NG wU– —‘0”fi uywEHFfi —60fi 6”
bwFHNfi v–fi bNIwFFNHE]hNPBHEzfi �– Y–fi twzwVyRTfi q–fi ´ �UyBHffiNfi s– —‘‘8fi uywEHFfi
088fi 0—8

bNIwFFNHE]hNPBHEzfi �– Y–fi �PwEJwUfi v–fi YBGGRAfi t–fi NG wU– —‘07fi iCwyN iyR– hNI–fi
—0Wfi ”W

bBAPBxwEzBfi �–fi ZNUUw YBEGNfi l–fi hBGHAzRfi �– NG wU– cdh�ifi W8”fi 0—4
bHVVNfi a–fi ´ cHRABANAfi a– 0882fi �FGNEBRzFfi YBVNGFfi cNGNBEFfi u�k iLVC–fi
0”‘fi 08W

cNRFANEfi j–fi mHEVfi s–fi ´ jNRFNEfi v– —‘0—fi �´�fi 4WWfi �027
cwAAfi u–fi aRVHEwfi t–fi ´ aBUBTBUBIwfi b– —‘‘Wfi v– gHwAG– iCNy– hwzRwG– jEwAFO–fi
78fi —80

cwAANUfi j–fi XNAGUNLfi c– i–fi iyQVRNzfi h–fi NG wU– —‘0”fi cdh�ifi W”—fi i2‘W
cwAANUfi j–fi XNAGUNLfi c– i–fi XBwTNFfi f– Z–fi NG wU– —‘08fi �´�fi ”2‘fi �—”
cwEFyQwUUfi h–fi iTBEBIfi o–fi pwTQwEBIfi l–fi NG wU– —‘—‘fi iCwyN iyR– hNI–fi —0”fi 02‘
cwETTwANAfi v–fi ´ �PwEJwUfi v– —‘—‘fi �´�fi ”W2fi �0”
cBGGBUwfi i–fi �EABUzfi s–fi sEBGQNHFfi t–]s–fi NG wU– —‘04fi iyRNAyNfi 2W8fi wwx‘—2—
cHRABANAfi a–fi fNAGGRUwfi �–fi ´lRzNNAfi s– —‘04fi RA fBUwERVNGEL BO iGwEF wAz fUwAN]
GwEL iLFGNVFfi Nz– b– aBUBTBUBIwfi v– tBHPQfi ´�– Y– bNIwFFNHE]hNPBHEz “YwV]
xERzPN# YwVxERzPN kARI– fENFF¯fi 00W

cHRABANAfi a–fi cwETTwANAfi v–fi lüRFüANAfi fNUGBARNVRfi v–fi ´ fNAGGRUüfi �– —‘07fi eCG–
bNGGfi W2fi ”72

cHTwRfi j–fi ´ iyQJNQVfi s– 0870fi �´�fi 84fi 262
cHTwRfi j– 087”fi �´�fi 0”Wfi 286
cLNEFfi h– l–fi ´ dBEzFRNyTfi a– t– 087Wfi uywEHFfi 47fi W20
eCRGBVfi Y–fi iABzPEwFFfi Y–fi rRGMFRVVBAFfi �–fi NG wU– —‘06fi cdh�ifi W”8fi ———
eCRGBVfi Y–fi sHRUxNEG]bNCBHGENfi �–fi XNFFNfi i–fi owAPfi X–fi ´ iABzPEwFFfi Y– —‘—‘fi
�´�fi ”WWfi 0W2

fwSBUwfi c–fi bHyyQNGGRfi �–fi rHUUNfi c–fi NG wU– —‘06fi cdh�ifi W”8fi i”2”
fwGwGfi r–fi cBNQUNEfi i–fi e&XERNAfi a–fi NG wU– —‘00fi �´�fi 4—6fi �80
füGMBUzfi c–fi �AzNEfi j– f–fi twQAfi c–fi NG wU– —‘08fi cdh�ifi W72fi —226
fNGEBIwfi q– l–fi vByTNEFfi a–fi ´ aRFNUNIfi d– d– —‘‘0fi iCwyN iyR– hNI–fi 24fi 28‘
fENHFTNEfi r–fi iyQBUGNAfi r–fi cwGMfi a–fi NG wU– —‘06fi �´�fi ”‘6fi b0
hwCBARfi �–fi YRwEARNUUBfi c–fi YwCwyyRBARfi r–fi NG wU– —‘—‘fi dwG– �FGEBA–fi 4fi 4‘‘
hNAwEzfi v–]X–fi twzwVyRTfi q–fi ´ bNIwFFNHE]hNPBHEzfi �– Y– 088”fi �´�fi 20”fi —”2
hBFNAxHFQfi l–fi uIwABIwfi e–fi aRFNUNIfi d–fi aBUBTBUBIwfi b–fi ´ �OwAwFRNIfi l– —‘06fi
cdh�ifi W”8fi W64

iyQUNRyQNEfi Z– —‘‘”fi uywEHFfi 070fi WW—
iABzPEwFFfi Y–fi eCRGBVfi Y–fi ZN lwU]XBEEBfi c–fi NG wU– —‘0”fi cdh�ifi W”—fi 027
iABzPEwFFfi Y–fi �&tNwEAfi c– r–fi �yNRGHABfi r–fi NG wU– —‘06fi fQRU– jEwAF– h– iBy–
bBAzBA iNE– �fi 264fi —‘0”‘—W8

iBUBAGBRfi c–fi uINMRöyfi 3–fi vHERöyfi c–fi NG wU– —‘0—fi uywEHFfi —07fi 460
iCBQAfi j–fi aABUUNAxNEfi v–fi XwUUfi �– v–fi NG wU– —‘04fi iyRNAyNfi 2W8fi wwx‘W”W
iGRAFBAfi �–fi XwPAHUBfi i–fi jBMMRfi s– f–fi NG wU– —‘0”fi �´�fi 48Wfi �00‘
iGBEEFfi �–fi YByQEwAfi �–fi ´ XwETNEfi q– 088—fi uywEHFfi 87fi 0”2
jQBVwFfi d–fi kUwVNyfi i–fi a)QEGfi q–fi NG wU– —‘06fi iCwyN iyR– hNI–fi —04fi W6
IwA ZBTTHVfi f– s– —‘‘0fi f�iffi 002fi 0W—‘
lüRFüANAfi j–fi cwETTwANAfi v–fi fNAGGRUüfi �–fi ´ cHRABANAfi a– —‘08fi fUBi BANfi 0Wfi 0
mwEENAfi i– —‘08fi fQRU– jEwAF– h– iBy– �fi 266fi —‘07‘0”0
owAPfi X–fi vNJRGGfi Z–fi ´ XHFfi i– v– —‘‘8fi �vfi 026fi W427

�CCdAzRK �7 SPd dKsDwysdz RArsDtVdAswT rCdysDw BO

56f vRsP zROOdDdAs wCdDstDd rRcdr

jQN NKGEwyGNz FRKGNNA URPQG NUNVNAGF BA NwyQ NCByQ wEN FHVVNz
GB ENGERNIN iGBTNF u HFRAP qD– 2– uA FRK zRffiNENAG wCNEGHEN FRMNF
wCCURNzfi NwyQ URPQG yBVCBANAG wAz FLAGQNFRFNz iGBTNF u FQBJ AB
EwzRwU IwERwGRBAF xBGQ RA GQN yBHAG wAz FCNyGEwU FQwCN GQEBHPQBHG
GQN BxFNEIwGRBAF– rRPF– �–0-�–2 CENFNAG u VNwFHENz wG 0fi‘‘‘ TV
wAz 6fi4‘‘ TV “CwANU “w¯¯ wAz GQNRE zRffiNENAyNF “CwANU “x¯¯ OBE GQN
vwAHwELfi rNxEHwELfi wAz cwEyQ BxFNEIwGRBAFfi ENFCNyGRINUL– XUwyT
“0fi‘‘‘ TV wCNEGHEN FRMN¯ wAz PENL “6fi4‘‘ TV wCNEGHEN FRMN¯ URANF
wEN BINEUwCCNzfi VwTRAP GQNRE zRffiNENAyNF “�¯ wUVBFG MNEB– jQN
UwEPNE GQN wCNEGHEN FRMNFfi GQN VBEN FRPAR[ywAG NEEBE xNyBVNF zHN
GB GQN NAQwAyNz xwyTPEBHAz ABRFN– jQHFfi JN zNyRzNz GB VwTN
HFN BO GQN FCNyGEHV NKGEwyGNz JRGQ GQN 0fi‘‘‘]TV]FRMNz wCNEGHEN
OBE GQN BxFNEIwGRBAF wG wUU BxFNEIRAP NCByQF–
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o– s– aJBA NG wU–# iCNyGEBCBUwERVNGERy FGHzL BO yBVNG ”6f RA RGF —‘0” BHGxBHAz CQwFN

rge9 �909 YBHAGF BO ”6f zHFG NKGEwyGNz JRGQ GQN wCNEGHEN FRMNF yBEEN]
FCBAzRAP GB 0fi‘‘‘ TV “xUwyT¯ wAz 6fi4‘‘ TV “PENL¯ RA GQN yBVNGByNAGERy
zRFGwAyN “w¯ wAz GQNRE zRffiNENAyNF “x¯ wF w OHAyGRBA BO JwINUNAPGQ BA kj
—‘0” vwA 0—– < RAzRywGNF GQN CQwFN wAPUN BA GQN NCByQ– uA CwANU “w¯fi
xUwyT wAz PENL URANF BINEUwC GQwG GQNL wEN RAzRFGRAPHRFQwxUN OEBV IRFHwU
RAFCNyGRBA–

rge9 �919 iwVN wF rRPHEN �–0 xHG BA kj —‘0” rNx ‘W– XUwyT wAz PENL
URANF BINEUwC NwyQ BGQNE–

rge9 �929 iwVN wF rRPHEN �–0 xHG BA kj —‘0” cwE ‘W– XUwyT wAz PENL
URANF BINEUwC NwyQ BGQNE–
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