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´ZwGNzW eyGBxNE 7fi 1.07(

mN HFN ¨EFG]CERAyRCUNF GQNBEL GB FQBJ GQwG GQN RAPENzRNAGF wFFHVNz GB xN NFFNAGRwU GB GQN By]
yHEENAyN BO ANPwGRIN GQNEVwU NKCwAFRBA ´djq( - ERPRz HARG CQBABA VBzNF JRGQ ANPwGRIN sE[HANRFNA
CwEwVNGNEF - wEN ANRGQNE FHffiyRNAG ABE ANyNFFwEL OBE w VwGNERwU GB HAzNEPB djq– uAFGNwzfi JN ¨Az
GQwG djq RA fxjRe2 RAIBUINF w zNURywGN RAGNECUwL xNGJNNA GQN CQBABA CEBCNEGRNF BO w VwGNERwU
´sE[HANRFNA CwEwVNGNEF( wAz RGF wARFBGEBCRy NUwFGRyRGL– jQNFN HARDHN RAFRPQGF BCNA ANJ wINAHNF RA
BHE OHAzwVNAGwU HAzNEFGwAzRAP BO GQN GQNEVwU CEBCNEGRNF BO VwGNERwUFfi wAz RA GQN FNwEyQ OBE djq
RA ANJ VwGNERwUF yUwFFNF–

jQN ¨EFG ENCBEG BO ANPwGRIN GQNEVwU NKCwAFRBA “djq?
RA FBURzF wCCNwENz RA 08‘6fi JRGQ iyQNNU=F BxFNEIwGRBAF
GQwG DHwEGM wAz IRGENBHF FRURyw FQERAT HCBA QNwGRAP )0fi 1,–
djq QwF FRAyN xNNA BxFNEINz RA NFFNAGRwUUL NINEL VwGNER]
wUF yUwFFfi RAyUHzRAP VNGwUF )2,fi CBULVNEF )3,fi VNGwU]BEPwARy
OEwVNJBETF )4-6,fi wAz FNVRyBAzHyGBEF )7-0‘,– tBJNINEfi
zNFCRGN BINE w yNAGHEL BO FGHzL )00-02,fi GQN VRyEBFyBCRy
VNyQwARFVF BO djq ENVwRA CBBEUL HAzNEFGBBz RA wUU xHG
w QwAzOHU BO ywFNF )03fi 04,–
uA RABEPwARy OEwVNJBET VwGNERwUFfi FB]ywUUNz ERPRz HARG

CQBABA VBzNF “hkcF? )0”fi 06, wEN JRzNUL ENyBPARMNz wF
xNRAP RVCBEGwAG zERINEF BO djq– hwGQNE GQwA UBAPRGHzR]
AwU FGENGyQRAP BO xBAzFfi GQNFN VBzNF GLCRywUUL FQBEGNA
VNGwU]VNGwU xBAz zRFGwAyNF wF GNVCNEwGHEN RAyENwFNF
GQEBHPQ ENUwGRIN EBGwGRBAF BO ERPRz “BE wUVBFG ERPRz? CBUL]
QNzEwU PEBHCFfi BE TRATRAP BO BKLPNA]VNGwU]BKLPNA xBAz
ANGJBETF– jQN hkc VBzNU BO djq FHyyNFFOHUUL wyyBHAGF
OBE GQN GQNEVwU xNQwIRBE BO GQN ywABARywU djq VwGN]
ERwU pEm1e6 )03fi 07fi 08,fi wF JNUU wF w AHVxNE BO MNBURGNF
)1‘fi 10, wAz fEHFFRwA xUHN VwGNERwUF )11,– � FNyBAz NFFNA]
GRwU RAPENzRNAG OBE GQN ByyHEENAyN BO djq wCCNwEF GB xN
GQN NKRFGNAyN BO UBJ]OENDHNAyL hkcF JRGQ UwEPNfi ANPwGRIN
sE+HANRFNA CwEwVNGNEFfi GQwG RFfi VBzNF JRGQ OENDHNAyRNF
GQwG cNyENwrN JRGQ zNyENwFRAP IBUHVN– uA OwyGfi ANPwGRIN
sE+HANRFNA CwEwVNGNEF wEN FBVNGRVNF yUwRVNz GB xN CEN]
ENDHRFRGNF OBE djq xNQwIRBE )12fi 13,– uAzNNzfi wF OwE wF
JN TABJfi GQN BAUL NKyNCGRBAF wEN GQN NUNVNAGwU VNGwUF
pA )14,fi oz )14,fi �F )1”,fi wAz ix )1”,fi wUU BO JQRyQ NKQRxRG
BAUL HARwKRwUfi EwGQNE GQwA IBUHVNGERyfi djq–
sRINA GQN wCCwENAG RVCBEGwAyN BO hkcF wAz CQBABAF

JRGQ ANPwGRIN sE+HANRFNA CwEwVNGNEFfi RG RF yHERBHFUL EwEN
OBE �Xe2 CNEBIFTRGNF GB HAzNEPB djq– cBFG CNEBIFTRGNF
HAzNEPB BAN BE VBEN FGEHyGHEwU CQwFN GEwAFRGRBAF RA]
IBUIRAP CQBABAF JRGQ FGEBAP hkc]URTN yQwEwyGNE “GLCR]
ywUUL EBGwGRBAF BO GQN Xe5 ByGwQNzEw?fi wAz GQNFN GLCNF
BO VBzNF wEN wFFByRwGNz JRGQ ANPwGRIN sE+HANRFNA Cw]
EwVNGNEF RAfi OBE NKwVCUNfi β]yERFGBxwURGNfi β]DHwEGMfi wAz
pEm1e6 )16,– uA yBAGEwFGfi ENyNAG JBET )17fi 18, QwF FQBJA
GQwG “HARwKRwU? djq RF yBVVBA RA TwbNENc CNEBIFTRGNFfi
FHyQ wF hHzzUNFzNA]fBCCNE CQwFNFfi xNywHFN GQN yBV]
xRANz N9NyGF BO UwLNERAP wAz EBGwGRBAF BO GQN Xe5 ByGw]

QNzEw NAQwAyN GQNRE NUwFGRy wARFBGEBCL yBVCwENz GB xHUT
CNEBIFTRGNF: GQRF NAQwAyNz NUwFGRy wARFBGEBCL wCCNwEF GB
xN GQN BERPRA BO HARwKRwU djq RA UwLNENz CNEBIFTRGNF– eO
yBHEFNfi xHUT CNEBIFTRGNF VwL NKQRxRG NUwFGRy wARFBGEBCLfi
wF hNOF– 17 wAz 18 wyTABJUNzPNfi QBJNINE GQN VwPARGHzN
BO GQN wARFBGEBCL RF PNANEwUUL ABG UwEPN NABHPQ GB RAzHyN
djq–
uA GQRF bNGGNEfi JN HFN GQN ONEEBNUNyGERy CNEBIFTRGN

fxjRe2 GB zNVBAFGEwGN GQwG ANRGQNE hkcF ABE CQBABAF
JRGQ ANPwGRIN sE+HANRFNA CwEwVNGNEF wEN ANyNFFwEL “BE
FHffiyRNAG? RA BEzNE OBE w VwGNERwU GB HAzNEPB djq– � TNL
zRFyBINEL JN VwTN RF GQwG RA ABA]yHxRy VwGNERwUFfi djq
ywAABG xN CENzRyGNz xwFNz BA NRGQNE GQN FRPAF BE VwP]
ARGHzNF BO wA RAzRIRzHwU sE+HANRFNA CwEwVNGNE BE NUwFGRy
yBAFGwAG xL RGFNUOfi wF RF yBVVBAUL wFFHVNz– uA GQNFN
FLFGNVFfi GQN GQNEVwU NKCwAFRBA wUBAP w PRINA wKRF RF yBH]
CUNz GB VHUGRCUN sE+HANRFNA CwEwVNGNEF GQEBHPQ VHUGR]
CUN h�cNoN�cN�s NUwFGRy yBAFGwAGF– mN HFN GQNBEL wAz
¨EFG]CERAyRCUNF ywUyHUwGRBAF GB NUHyRzwGN GQN VRyEBFyBCRy
VNyQwARFV BO djq RA fxjRe2 wAz FQBJ GQwG ONJ BO GQN
VBzNF yERGRywU GB zERIRAP djq QwIN ANPwGRIN sE+HANRFNA
CwEwVNGNEF wAz GQwG GQNL wEN ABG hkcFfi NINA GQBHPQ
fxjRe2 yBAGwRAF VwAL hkc]URTN VBzNF )1‘,– mN GQNA
yBAANyG GQN CQLFRywU VNyQwARFV BO djq RA fxjRe2 GB
RGF NUNyGEBARy FGEHyGHENfi wAz FQBJ GQwG RGF NUwFGRy CEBCNE]
GRNF wEN zBVRAwGNz xL GQN FGNENByQNVRywU wyGRIRGL BO GQN
fx1l ”p1”C, UBAN NUNyGEBA CwRE– eHE ENFHUGF wEN FGERTRAP
xNywHFN GQNL FHPPNFG GQwG fxjRe2 RF HARDHN wVBAP JNUU]
FGHzRNz djq VwGNERwUFfi wAz wCCNwEF GB xN GQN BAUL VwGN]
ERwU GQwG NKQRxRGF InTtlNsEhy djq JNUU wxBIN EBBV GNV]
CNEwGHENfi wAz JRGQ CBFRGRIN sE+HANRFNA CwEwVNGNEF wUBAP
wUU HARDHN yELFGwUUBPEwCQRy wKNF– jQNFN ENFHUGF xERAP yUwE]
RGL GB GQN zERIRAP VNyQwARFV BO djq RA fxjRe2fi wAz
xEBwzNA GQN FNwEyQ OBE ANJ djq FLFGNVF GB RAyUHzN Vw]
GNERwUF BINEUBBTNz RA GQN CwFG zHN GB w UwyT BO UwEPNfi ANP]
wGRIN sE+HANRFNA CwEwVNGNEF–
fxjRe2 RF yHxRy wG QRPQ GNVCNEwGHENF xHG HAzNEPBNF w

CQwFN GEwAFRGRBA wG 6”‘ a GB w GNGEwPBAwU “f.ll? ONEEB]
NUNyGERy CQwFN: GQRF CQwFN NKQRxRGF IBUHVNGERy djq zBJA
GB wCCEBKRVwGNUL EBBV GNVCNEwGHEN “GQBHPQ BAUL GQN K
wKRF zNyENwFNF JRGQ GNVCNEwGHEN JQRUN GQN s wKNF RAyENwFNfi
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rus– 0– ´YBUBE BAURAN( bwGGRyN CwEwVNGNEF ´v ¨UUNz yREyUNFfi
y ¨UUNz FDHwENF( wF w OHAyGRBA BO GNVCNEwGHEN OEBV ¨EFG]
CERAyRCUNF ywUyHUwGRBAF ´yBUBENz RyBAF( wAz OEBV NKCNERVNAG
´xUwyT wAz PEwL RyBAF @24fi 25,(–

GQN ANG N9NyG RF w zNyENwFN RA IBUHVN?– mN HFNz zNAFRGL
OHAyGRBAwU GQNBELfi wF RVCUNVNAGNz RA gHwAGHV qFCENFFB
JRGQ sXhl CFNHzBCBGNAGRwUF )2‘fi 20, “FNN iHCCUNVNA]
GwEL uAOBEVwGRBA “iu? OBE VNGQBzF wAz yBAINEPNAyN yERG]
NEw? GB ywUyHUwGN GQN NIBUHGRBA BO UwGGRyN CwEwVNGNEF wF w
OHAyGRBA BO GNVCNEwGHEN RA GQN DHwFRQwEVBARy wCCEBKRVw]
GRBA “gt�?– rRPHEN 0 yBVCwENF BHE ENFHUGF BxGwRANz OEBV
GQENN OHAyGRBAwUFW bZ� )21,fi fXqFBU )22, wAz mH]oBQNA
“mo? )23,– �F NKCNyGNzfi wUU GQENN OHAyGRBAwUF FURPQGUL HA]
zNENFGRVwGN GQN UwGGRyN CwEwVNGNEFfi QBJNINE NwyQ DHwURGw]
GRINUL ENCEBzHyNF GQN NKCNERVNAGwU GENAz BO w UNAPGQNARAP
K wKRF wAz FQERATRAP s wKRF wF GNVCNEwGHEN RAyENwFNF– eHE
ywUyHUwGRBAF ENCEBzHyN GQN NKCNERVNAGwUUL BxFNEINz IBU]
HVNGERy djqfi wAz wzzRGRBAwU yBVCwERFBAF xNGJNNA zwGw
OEBV BHE ¨EFG]CERAyRCUNF ywUyHUwGRBAF wAz wIwRUwxUN NKCNER]
VNAGwU zwGw OBE ¨ARGN]GNVCNEwGHEN CQBABA zLAwVRyF wAz
NUwFGRy yBAFGwAGF RAzRywGN GQwG GQN gt� RF w SHFGR¨Nz wC]
CEBKRVwGRBA OBE GQRF FLFGNV “FNN iu?– mN ENCBEG wUU EN]
VwRARAP ENFHUGF OBE GQN mo OHAyGRBAwU BAULfi FRAyN RG xNFG
ywCGHENF GQN FGEHyGHEwU CEBCNEGRNF BO fxjRe2– mRGQ GQRF
OHAyGRBAwUfi JN ywUyHUwGN w IBUHVNGERy NKCwAFRBA yBNffi]
yRNAG /u BO �1,18× 0‘

�4 a�0 xNGJNNA 4‘‘ a wAz 6‘‘ afi
JQRyQ yBVCwENF OwIBEwxUL JRGQ /u % �0,7 × 0‘�4 a�0

wAz �0,88× 0‘�4 a�0 OEBV )24, wAz )2”,fi ENFCNyGRINUL–
mN ABJ GHEA GB NUHyRzwGRAP GQN VRyEBFyBCRy VNyQwARFV

BO djq RA fxjRe2– mN ¨EFG ywUyHUwGNz GQN sE+HANRFNA Cw]
EwVNGNEF OBE GQN NDHRURxERHV FGEHyGHEN BO fxjRe2 wG 2‘‘
a– iRAyN fxjRe2 RF ABG yHxRyfi GQN sE+HANRFNA CwEwVNGNE
γ QwF w GNAFBE OBEVfi

γhiCV� ≡ �

0

ωCV�

∂ωCV�
∂εhi

> “0?

JQNEN ωCV� RF GQN OENDHNAyL BO VBzN p wG JwININyGBE Sfi
εhi RF w FGEwRA yBAFRFGNAG JRGQ yELFGwU FLVVNGELfi wAz P

wAz S wEN owEGNFRwA zRENyGRBAF– mN ywUyHUwGNz γhiCV� HFRAP
w yNAGEwU zR9NENAyNfi JQRyQ ENDHRENz GQENN FNCwEwGN ywUyH]
UwGRBAF BO GQN OHUU zRFCNEFRBA yHEIN– jQN DHwAGRGL HFHwUUL

ENONEENz GB wF GQN /xHUT= sE+HANRFNA CwEwVNGNE RF GQNA zN]
¨ANz wF )26,fi
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JQNEN KCV� RF GQN VBzN FCNyR¨y QNwG wG yBAFGwAG yBA¨P]
HEwGRBA– mN ABGN GQwG GQN HARwKRwU FGENFF CNEGHExwGRBA
VNGQBz )27, yBHUz xN FHRGNz GB QRPQ]GQEBHPQCHG FGHzRNF
GB FyENNA OBE djq wUBAP CwEGRyHUwE wKNFfi wAz GB CEBIRzN
w DHRyT wUGNEAwGRIN VNGQBz GB yBVCwEN JRGQ ENFHUGF Bx]
GwRANz HFRAP GQN FGEwRA CNEGHExwGRIN zN¨ARGRBAF wF RA qD–
“0?–

rRPHEN 1 FQBJF CQBABA zRFCNEFRBA yHEINF OBE fxjRe2

wG 2‘‘ a JRGQ GQN VwPARGHzN wAz FRPA BO γvCV� ≡ γ00CV�
wAz γbCV� ≡ γ22CV� ENCENFNAGNz xL GQN GQRyTANFF wAz yBUBE BO
GQN xwAzfi ENFCNyGRINUL– ZNFCRGN GQN CENFNAyN BO djqfi
xBGQ xHUT sE+HANRFNA CwEwVNGNEF wEN CBFRGRINfi γvu�kb %
0–31 wAz γbu�kb % ‘–3‘– jQN zNAFRGL BO FGwGNF RA rRPHEN 1
RAzRywGNF GQwG GQN RAzRIRzHwU CQBABA VBzNF yBAGERxHGRAP
VBFG FGEBAPUL GB γvu�kb wAz γbu�kb wEN UBJ OENDHNAyL VBzNF
JRGQ onrhshIN sE+HANRFNA CwEwVNGNEFfi RA yBAGEwFG JRGQ GQN
HFHwU NKCNyGwGRBA GQwG VBzNF JRGQ UwEPNfi ANPwGRIN VBzN
sE+HANRFNA CwEwVNGNEF zERIN djq– �F FQBJA RA GQN iHC]
CUNVNAGwEL uAOBEVwGRBAfi RO JN OBEyN wUU VBzNF xNUBJ 0‘‘
yV�0 GB xN CNEONyGUL QwEVBARy xL TNNCRAP GQNRE OENDHNA]
yRNF yBAFGwAG JRGQ GNVCNEwGHENfi JQRUN wUUBJRAP GQN OEN]
DHNAyRNF BO wUU BGQNE VBzNF GB yQwAPNfi GQNA djq xNQwI]
RBE RF yBVCUNGNUL FHCCENFFNz– tNAyNfi GQNFN UBJ]OENDHNAyL
VBzNF wCCNwE GB xN GQN CERVwEL zERINEF BO djq wAz BO
GQN CBFRGRIN xHUT sE+HANRFNA CwEwVNGNEF wUBAP xBGQ GQN
s wAz K wKNF– �zzRGRBAwUULfi rRPHEN 2 FQBJF GQwG �n�N BO
GQN zRFGBEGRBAF wFFByRwGNz JRGQ GQN yERGRywU UBJ]OENDHNAyL
VBzNF wEN hkcF: GQNL wEN RAFGNwz zBVRAwGNz xL GEwAF]
UwGRBAwU fx VBGRBA– )28, eHE JBET FB OwE EwRFNF GJB DHNF]
GRBAFW QBJ zB JN wyyBHAG OBE djq RA fxjRe2fi PRINA GQN
CBFRGRIN sE+HANRFNA CwEwVNGNEFfi wAz zB NUNyGEBARy N9NyGF
CUwL w EBUN RA djq RA GQRF VwGNERwU(

�UGQBHPQ UwEPNfi ANPwGRIN VBzN sE+HANRFNA CwEwVNGNEF
QwIN xNNA wFFByRwGNz JRGQ djq RA GQN URGNEwGHENfi GQRF
ENUwGRBAFQRC ANNz ABG QBUz OBE wARFBGEBCRy FLFGNVF– uA
yHxRy VwGNERwUFfi GQN xHUT sE+HANRFNA CwEwVNGNE RF FywUwE
wAz GQN yBNffiyRNAG BO IBUHVNGERy GQNEVwU NKCwAFRBA ywA
xN NKCENFFNz wF )3‘,

/u %
γu�kbBη

2�
> “2?

JQNEN � RF GQN xHUT VBzHUHF wAz Bη RF GQN FCNyR¨y QNwG
wG yBAFGwAG yBA¨PHEwGRBA– jQN xHUT sE+HANRFNA CwEwVN]
GNE γu�kb RF FGRUU zN¨ANz wF RA qD– “1?fi QBJNINE GQN RAzR]
IRzHwU VBzN sE+HANRFNA CwEwVNGNEF wEN ENzHyNz GB FRVCUN
IBUHVN zNERIwGRINFfi

γCV� ≡ �

j

ωCV�

cωCV�
cj
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rus– 1– ´YBUBE BAURAN( b�( fQBABA zRFCNEFRBA yHEIN OBE
fxjRe2 wG 2.. a JRGQ xwAz GQRyTANFF CEBCBEGRBAwU GB GQN
VwPARGHzN BO <s

�c� OBE NwyQ VBzNfi wAz yBUBE yBEENFCBAzRAP GB
FRPA BO <s

�c� ´ENz CBFRGRINfi xUHN ANPwGRIN(– jB GQN ERPQG RF GQN
FHV BO <s�c���c� wyEBFF NAGREN XERUUBHRA MBAN OBE NwyQ NANEPL
UNINU wG 2.. afi CBFRGRIN ´ENz( wAz ANPwGRIN ´xUHN( yBAGERxH]
GRBAF CUBGGNz FNCwEwGNUL– ba( iwVNfi yBEENFCBAzRAP GB <a�c�

rus– 2– ´YBUBE BAURAN( hNCENFNAGwGRIN FNG BO zRFGBEGRBAF wF]
FByRwGNz JRGQ UBJ]OENDHNAyL ´ω S 0.. yV��( CQBABAF OBE GQN
RAzRywGNz REENzHyRxUN ENCENFNAGwGRBA BO NwyQ QRPQ FLVVNGEL
CBRAG– dBGN GQN wxFNAyN BO hkcF wAz zBVRAwAyN BO fx VB]
GRBA– iNN iu OBE wzzRGRBAwU VBzNF–

bBBTRAP wG qD– “2?fi γu�kb RF GQN BAUL GNEV BA GQN
ERPQG]QwAz FRzN GQwG ywA xN ANPwGRIN– tNAyNfi w ANPw]
GRIN /u RA ytahy FLFGNVF RF RVCBFFRxUN JRGQBHG w ANPwGRIN
γu�kbfi JQRyQ VHFG RGFNUO wERFN OEBV UwEPNfi ANPwGRIN VBzN
sE+HANRFNA CwEwVNGNEF–

�ARFBGEBCRy VwGNERwUF QwIN wzzRGRBAwU FGEHyGHEwU zN]
PENNF BO OENNzBV GQwG yBVCURywGN GQN ENUwGRBAFQRC xNGJNNA
GQN yBNffiyRNAG BO GQNEVwU NKCwAFRBAfi sE+HANRFNA CwEwVN]
GNEFfi wAz NUwFGRy yBAFGwAGF– rBE NKwVCUNfi RA GNGEwPBAwU
FLFGNVF URTN fxjRe2fi GQN yBNffiyRNAGF BO GQNEVwU NKCwA]
FRBA wUBAP s “/v? wAz K “/b? wEN zN¨ANz wF )30fi 31,W

/v % “Bη.j ?
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“i00 [ i01?γ
v
u�kb [ i02γ

b
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> “4?

wAz
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

1i02γ
v
u�kb [ i22γ

b
u�kb



> “”?

JQNEN ihi RF GQN PS
sc yBVCBANAG BO GQN NUwFGRy yBVCURwAyN

GNAFBE � RA lBRPG ABGwGRBA– iRAyN /u ≡ 1/v [ /b )30,fi RA
BEzNE OBE /u GB xN ANPwGRINfi JN ENDHREN

1“i00 [ i01 [ i02?γ
v
u�kb [ “i22 [ 1i02?γ

b
u�kb m ‘, “6?

qD– “6? FQBJF GQwG ANPwGRIN xHUT sE+HANRFNA CwEwVNGNEF
wEN ABG w CENENDHRFRGN OBE djq RA wARFBGEBCRy VwGNERwUF–
jQN ihi ywA xN CBFRGRIN BE ANPwGRINfi wAz GQN ENUwGRIN FRPA
wAz VwPARGHzN BO GQNFN GNEVF yBAFGEwRA GQN FRPAF BO γvu�kb
wAz γbu�kb ENDHRENz OBE djq– mRGQBHG TABJUNzPN BO GQN
OHUU yBVCURwAyN GNAFBEfi �n cNm�hshIN rswsNlN�sr wants gnv
sgN rhP�r nE lwP�hstcNr nO γvu�kb w�c γbu�kb ENTwsN sn /u
yw� aN lwcN– tBJNINEfi GQN zNCNAzNAyN BO /u BA γbu�kb
wAz γvu�kb ywA xN zNGNEVRANz zRENyGUL RO ihi RF TABJA–

jwxUN u FQBJF FNUNyGNz NUNVNAGF BO GQN yBVCURwAyN GNA]
FBE OBE GQN GNGEwPBAwU CQwFN BO fxjRe2 OEBV ¨EFG CERA]
yRCUNF ywUyHUwGRBAFfi JQRyQ yBVCwEN JNUU JRGQ NKCNERVNAG
)32, “ABGN GQN UwEPN VwPARGHzN BO i02fi CENIRBHFUL yBEEN]
UwGNz )4fi 17, JRGQ djq xNQwIRBE?– jQN s]wKRF NKCwAzF
wF GNVCNEwGHEN ERFNFfi wAz FB /v RF CBFRGRIN– rEBV qD–
“4?fi FRAyN i00 [ i01 < ‘ OBE fxjRe2fi γvu�kb VHFG xN
UwEPN wAz CBFRGRIN RA BEzNE OBE /v < ‘– iRAyN CBFRGRIN
sE+HANRFNA CwEwVNGNEF wEN TABJA GB xN wFFByRwGNz JRGQ
CBFRGRIN GQNEVwU NKCwAFRBAfi BHE ENFHUGF FB OwE wEN HAFHE]
CERFRAP– tBJNINEfi JN JRUU ABJ wEPHN GQwG RG RF GQN GNA]
zNAyL BO fxjRe2 GB NKCwAz wUBAP s JRGQ RAyENwFRAP GNV]
CNEwGHEN GQwG cEhINr GQN FLFGNV GB FQERAT wUBAP Kfi PRIRAP
ERFN GB IBUHVNGERy djq–

jQN TNL GB HAzNEFGwAzRAP djq RA fxjRe2 RF GB NKwV]
RAN GQN ENUwGRBAFQRC xNGJNNA GQN sE+HANRFNA CwEwVNGNEFfi
wAz wCCURNz FGENFF wUBAP GQN s wKRF wAz RAzHyNz FGEwRA
wUBAP GQN K wKRF– iRAyN GQN K wKRF yBAGEwyGF wF GNVCNE]
wGHEN RAyENwFNFfi /b m ‘– jQN yBAINAGRBAwU JRFzBV FHP]
PNFGF GQwG GQRF ENDHRENF w ANPwGRIN γbu�kbfi JQRUN JN TABJ
GQwG γbu�kb RF wyGHwUUL CBFRGRIN RA GQRF FLFGNV– rEBV qD–
“”?fi FRAyN i22 RF wUFB CBFRGRINfi GQN BAUL JwL OBE /b GB
xN ANPwGRIN RF OBE GQN CEBzHyG i02γ

v
u�kb GB xN ANPwGRIN -

RAzNNz GQN ywFN OBE fxjRe2fi wF FQBJA RA jwxUN u– fQLF]
RywUULfi w UwEPNfi ANPwGRIN i02 RA GNGEwPBAwU FLFGNVF OHAy]
GRBAF RA w FRVRUwE JwL GB w UwEPNfi CBFRGRIN fBRFFBA=F EwGRB
RA yHxRy FLFGNVF– us hr sghr sNloNEwstEN,h�ctyNc �NPwshIN

rsEwh� sgws cEhINr /b sn aN �NPwshINfi w�c PhINr EhrN sn dip
h� faihe2-

uO i02γ
v
u�kb JwF CBFRGRINfi BE NINA FURPQGUL UNFF ANPwGRINfi

GQNA RG JBHUz xN NANEPNGRywUUL OwIBEwxUN OBE GQN K wKRF GB
NKCwAz JRGQ RAyENwFRAP GNVCNEwGHEN– tNAyNfi GQN djq
RF ABG zHN GB w K wKRF zERINA GB yBAGEwyG xL w ANPwGRIN
γbu�kbfi xHG h� rohsN nO w CBFRGRIN γbu�kb– mN RUUHFGEwGN GQRF
xL ENJERGRAP NDHwGRBAF 4 wAz ” RA VwGERK OBEVW
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j�Xbq u– iNUNyGNz NUNVNAGF BO GQN yBVCURwAyN GNAFBE OBE
fxjRe2 wAz iAjRe2 OEBV ¨EFG]CERAyRCUNF ywUyHUwGRBAF RA HARGF
BO 0.�2 sfw��–

c�� c�1 c�2 c22

fxjRe2 6–33 .–38 ]00–83 44–58
iAjRe2 6–68 ]0–34 ]5–72 20–25



�

/v
/v
/b



 %



�

i00 i01 i02
i01 i00 i02
i02 i02 i22









�

�c,
�

u�kb

l
�c,

�

u�kb

l
�c,

a

u�kb

l






, “7?

jQN yBUHVA INyGBE BA GQN ERPQG QwF HARGF BO CENF]
FHEN.aNUIRA - w GNVCNEwGHEN]RAzHyNz FGENFF - URATNz
GQEBHPQ GQN yBVCURwAyN GNAFBE GB GQN yBUHVA INyGBE BA
GQN UNOGfi JQRyQ QwF HARGF BO FGEwRA.aNUIRA– uA GQRF wEEwAPN]
VNAGfi γvu�kb wAz γbu�kb zN¨AN GQN VwPARGHzN BO w GQNEVwU
FGENFF ABEVwU GB GQN s wAz K wKNFfi ENFCNyGRINULfi wAz wEN
URATNz GB GQNEVwU FGEwRA GQEBHPQ �– vHFG wF w VNyQwAR]
ywU FGENFF FGwGN RAIBUIRAP CBFRGRIN FGENFF wUBAP xBGQ wKNF
yBHUz ENFHUG RA ANPwGRIN FGEwRA wUBAP K zHN GB yBHCURAP
GQEBHPQ i02fi GQNEVwU FGENFF zERINA xL CBFRGRIN γ

v
u�kb wAz

γbu�kb yBHUz ENFHUG RA /b m ‘fi JQNEN GQN FRPA BO /b zNCNAzF
BA w ywENOHU xwUwAyN xNGJNNA wTT BO ihi fi γ

v
u�kb wAz γbu�kb–

kAzNEFGwAzRAP GQwG djq RA fxjRe2 wERFNF OEBV w ywEN]
OHU xwUwAyN xNGJNNA ihi fi γ

v
u�kbfi wAz γ

b
u�kb GNEVFfi JN ywA NK]

CUBEN GQN BERPRA BO GQN FRPA wAz VwPARGHzN BO GQNFN CwEwV]
NGNEF GQEBHPQ RAINFGRPwGRAP w FRVRUwE �Xe2 CNEBIFTRGNfi
iAjRe2– fENIRBHF wa h�hshn FGHzRNF CENzRyG GQwG iAjRe2

wUFB wzBCGF w d3VV PEBHAz FGwGN FGEHyGHEN wG ‘ a )33,–
jQBHPQ FLAGQNFRF BO xHUT iAjRe2 QwF CEBINA zRffiyHUG
)34fi 3”, wAz ONJ ENURwxUN NKCNERVNAGwU VNwFHENVNAGF BO
CQLFRywU CEBCNEGRNF NKRFGfi RG FGRUU CEBIRzNF w HFNOHU yBVCwE]
RFBA GB RUUHVRAwGN GQN BERPRA BO djq RA fxjRe2– mN ¨Az
GQwG JRGQRA GQN gt�fi iAjRe2 NKQRxRGF ENCENFFNz djq
xNQwIRBE yBVCwENz GB fxjRe2fi wAz CBFRGRIN BE ANwE]MNEB
IBUHVNGERy djq wG NINEL GNVCNEwGHEN “FNN iu?–
jQN xNQwIRBE BO iAjRe2 ywA xN URATNz GB GNEVF RA GQN

yBVCURwAyN VwGERK “jwxUN u? wAz xHUT sE+HANRFNA GNAFBE
“γbu�kb % 6,61fi γvu�kb % 2,31?– iAjRe2 QwF FRVRUwE yBV]
CURwAyN wF fxjRe2 wUBAP GQN s wKRFfi xHG RF VHyQ FGR9NE
“UBJNE yBVCURwAyN? wUBAP K wAz NKQRxRGF VHyQ UNFF yBH]
CURAP xNGJNNA FGENFF wUBAP s wAz FGEwRA wUBAP K “w UBJNE
i02?– iAjRe2 NKQRxRGF w FURPQGUL VBEN CBFRGRIN γvu�kb wG
2‘‘ a GQwA fxjRe2 “2,31 GB 0,31?fi xHG w γ

b
u�kb BINE wA BE]

zNE BO VwPARGHzN UwEPNE “6,61 GB ‘,3‘?– hNONEERAP GB qDF–
“6? wAz “”?fi JN ywA yBA¨EV GQwG GQNFN zR9NENAyNF FQBHUz
ENFHUG RA w FLFGNV JQNEN djq RF FHCCENFFNz yBVCwENz GB
fxjRe2–
�F γvu�kb wAz γbu�kb wEN IRxEwGRBAwUfi zLAwVRy CEBCNEGRNFfi

GQN zR9NENAyN xNGJNNA GQNFN IwUHNF RA NwyQ VwGNERwU yBHUz
xN zHN GB NRGQNE GQN VwFF zR9NENAyN xNGJNNA iA wAz fx
“007–60 w–H– wAz 1‘6–1 w–H–fi ENFCNyGRINUL? BE OEBV zRO]
ONENAyNF RA NUNyGEBARy FGEHyGHENfi CERVwERUL GQN GNAzNAyL
BO GQN �]FRGN ywGRBA GB OBEV FGNENByQNVRywUUL wyGRIN UBAN

CwREF– mN EHUN BHG VwFF zR9NENAyN wF GQN zERIRAP N9NyG
xL CNEOBEVRAP w yBVCHGwGRBAwU ’NKCNERVNAG5 RA JQRyQ
GQN gt� RF CNEOBEVNz OBE fxjRe2fi xHG JRGQ GQN VwFF BO
fx yQwAPNz GB GQwG BO iA “FNN iu?– fxjRe2 GQNA NKQRxRGF
UwGGRyN CwEwVNGNEF wF w OHAyGRBA BO GNVCNEwGHEN ANwEUL
RzNAGRywU GB GQBFN OBE GQN BERPRAwU FLFGNV RA rRPHEN 0fi wAz
w 4‘‘]6‘‘ a /u BO �1,27 × 0‘�4a�0fi JQRyQ RF JRGQRA
4; BO /u OBE GQN BERPRAwU FLFGNV– jQBHPQ GQRF NKCNE]
RVNAG RF ABG CQLFRywUUL ENwURMwxUNfi GQN ENFHUGF FQBJ GQwG
GQN wxFNAyN BO djq RA iAjRe2 yw��ns xN zHN GB GQN VwFF
zR9NENAyN xNGJNNA fx wAz iA wUBAN–

fENIRBHF FGHzRNF )36-4‘, QwIN FQBJA GQwG GQN Ap1AC,

UBAN NUNyGEBA CwRE BA fx wAz iA RF FGNENByQNVRywUUL wyGRIN
wAz RF ENFCBAFRxUN OBE zERIRAP GQN FLVVNGEL]xENwTRAP zRF]
GBEGRBA GQwG UBJNEF GQN FLVVNGEL BO NwyQ VwGNERwU OEBV
yHxRy GB GNGEwPBAwU– jQN fx.iA]p]wARBA]C RAGNEwyGRBA wG
GQN GBC BO GQN IwUNAyN xwAz RF wyGHwUUL wAGRxBAzRAP wAz
GQNENOBEN NANEPNGRywUUL zNFGwxRURMRAP– jQNFN FGwGNF yBHUz
xN FGwxRURMNz xL VRKRAP JRGQ GQN HA¨UUNz fx.iA]C FGwGNF
wG GQN xBGGBV BO GQN yBAzHyGRBA xwAzfi xHG FHyQ VRKRAP RF
OBExRzzNA xL FLVVNGEL RA GQN yHxRy CNEBIFTRGN FGEHyGHEN–
jQRF NUNyGEBARy RAFGwxRURGL “TABJA wF w CFNHzB] BE FNyBAz]
BEzNE vwQA]jNUUNE zRFGBEGRBA? VwARONFGF RA GQN UwGGRyN wF
w FGEHyGHEwU CQwFN GEwAFRGRBAW GQN ONEEBNUNyGERy GEwAFRGRBA
UBJNEF GQN wGBVRy FRGN FLVVNGERNF FHyQ GQwG fx.iA]p]
wARBA]C]fx.iA]C VRKRAP RF wUUBJNz– jQN ENFHUGRAP UBywU]
RMNzfi ABA]xBAzRAP FGwGN wG GQN GBC BO GQN IwUNAyN xwAz RF
GQN UBAN CwRE–

jQN yUBFNE GQN ywGRBA]p wAz wARBA]C FGwGNF wEN RA NA]
NEPLfi GQN VBEN ywGRBA]p yQwEwyGNE JRUU xN CENFNAG RA GQN
wAGR]xBAzRAP FGwGNFfi wAz GQN PENwGNE GQN FGwxRURMwGRBA
PwRANz OEBV QLxERzRMwGRBA xNGJNNA GQNFN wAGR]xBAzRAP
FGwGNF wAz GQN HA¨UUNz ywGRBA]C FGwGNF– iRAyN GQN iA 4p
FGwGNF wEN yUBFNE RA NANEPL GB GQN e 1C FGwGNF GQwA GQN fx
”p FGwGNF wEN )36,fi iAjRe2 NKQRxRGF w FGEBAPNE GNAzNAyL
GBJwEzF w FGEHyGHEwU zRFGBEGRBA GQwA fxjRe2– uA OwyGfi
oELFGwU eExRGwU twVRUGBARwA fBCHUwGRBA “oetf? wAwU]
LFRF )40-43, FQBJF GQwG JQRUN GQN vwQA]jNUUNE zRFGBEGRBA
VwTNF GQN fx]p - e]C RAGNEwyGRBA FURPQGUL UNFF wAGRxBAz]
RAPfi RA GQN ywFN BO iAjRe2fi RG xERAPF GQN iA]p - e]C RAGNE]
wyGRBA OEBV wAGRxBAzRAP RA GQN yHxRy CQwFN GB an�ch�P RA
GQN GNGEwPBAwU CQwFN– iRAyN GQNFN FGwGNF wEN ¨UUNzfi GQNEN RF
w UwEPNE NANEPL PwRA wFFByRwGNz JRGQ GQN vwQA]jNUUNE zRF]
GBEGRBA RA iAjRe2 yBVCwENz JRGQ fxjRe2fi wAz w UwEPNE
yBEENFCBAzRAP FGEHyGHEwU zRFGBEGRBA–

dNKGfi JN URAT GQN FRMN BO GQN FGEHyGHEwU zRFGBEGRBA RA
iAjRe2 GB i02 wAz RGF djq xNQwIRBE– uG RF JNUU TABJA
RA GQN ONEEBNUNyGERyF URGNEwGHEN )44fi 4”, GQwG K.s RA GNGEwP]
BAwU XwjRe2 ywA xN NAQwAyNz FRPA¨ywAGUL JRGQ NCRGwKRwU
FGEwRAfi GQNENxL FRPA¨ywAGUL NAQwAyRAP ONEEBNUNyGERy CBUwE]
RMwGRBA– uA yBAGEwFGfi K.s “wAz GQNENOBEN CBUwERMwGRBA? RA
fxjRe2 RF DHRGN RAFNAFRGRIN GB NCRGwKRwU FGEwRA– jQRF xN]
QwIRBE RF wGGERxHGNz GB GQN OwyG GQwG fxjRe2 RA GQN GNGEwP]
BAwU CQwFN RF wUENwzL INEL FGEHyGHEwUUL zRFGBEGNzfi wAz
QNAyN ENFRFGF OHEGQNE zRFGBEGRBAF– iRAyN K.s OBE iAjRe2

“0–07? RF UwEPNE GQwA fxjRe2 “0–‘7?fi JN CENzRyG GQwG i02
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OBE iAjRe2 RF UNFF ANPwGRIN GQwA OBE fxjRe2 xNywHFN
iAjRe2 RF NIN� lnEN ENFRFGwAG GB OHEGQNE FGEHyGHEwU zRF]
GBEGRBAF GQwA fxjRe2– mN GNFGNz GQRF QLCBGQNFRF xL ywU]
yHUwGRAP FNUNyGNz NUNVNAGF BO GQN yBVCURwAyN GNAFBE OBE
w QLCBGQNGRywU iAjRe2 FGEHyGHEN JRGQ w K.s EwGRB FNG GB
GQwG BO fxjRe2– oBVCwENz JRGQ iAjRe2 JRGQ RGF NDHRURx]
ERHV K.sfi GQRF QLCBGQNGRywU FGEHyGHEN QwF w VBEN ANPwGRIN
i02fi w UwEPNE “VBEN CBFRGRIN? i22fi wAz w γ

b
atkj BO ]0–60– uA]

FNEGRAP GQNFN IwUHNF BO ihi wAz sE+HANRFNA CwEwVNGNEF RAGB
qD– “4? wAz “”?fi JN ¨Az /v % 6–4 “×0‘�3a�0? wAz /b
% ]1”–‘ “×0‘�3a�0?– iRAyN /u ≡ 1/v [ /bfi GQRF QLCB]
GQNGRywU iAjRe2 FGEHyGHEN FQBHUz NKQRxRG IBUHVNGERy ANP]
wGRIN GQNEVwU NKCwAFRBA– tNAyNfi GQN NUNyGEBARy FGEHyGHEN
BO GQN VwGNERwU RF RVCBEGwAG RA zNGNEVRARAP GQN FRMN BO
GQN FGEHyGHEwU zRFGBEGRBA wJwL OEBV GQN QRPQ]FLVVNGEL
CQwFN– tBJNINEfi RA GQN zRFGBEGNz FGEHyGHENfi RG RF CERVwE]
RUL GQN rgwoN BO GQN HARG yNUU GQwG zNGNEVRANF GQN NUwFGRy
CEBCNEGRNF wAz sE+HANRFNA CwEwVNGNEF “FNN iu OBE OHEGQNE
zNGwRUF?–

eHE ENFHUGF FHPPNFG GQwG ENIRFRGRAP wARFBGEBCRy FLF]
GNVF JRGQ CBFRGRIN xHUT sE+HANRFNA CwEwVNGNEF VwL xN
w CEBVRFRAP zRENyGRBA RA GQN FNwEyQ OBE ANJ djq VwGNER]
wUF– iRAyN GQN AHVxNE BO HARDHN RAzRyNF BO � wAz γhiu�kb wEN
UwEPNE OBE XEwIwRF UwGGRyNF BO UBJNE FLVVNGELfi GQN AHVxNE
BO zNPENNF BO OENNzBV RA NKCENFFRBAF URTN qD– “6? RAyENwFNFfi
CEBIRzRAP VBEN CwGQJwLF OBE djq– mN QwIN wUFB FQBJA
GQwGfi yERGRywUULfi wF IBUHVNGERy djq wERFNF OEBV GQN CEBz]
HyG BO VHUGRCUN γhiu�kb wAz ihi fi w FNwEyQ OBE djq VwGNER]
wUF GQwG CERBERGRMNF NhsgNE UwEPN VwPARGHzNF nE CwEGRyHUwE
FRPAF BO yNEGwRA RAzRyNF BO GQNFN GNAFBEF JRUU VRFF OwIBE]
wxUN ywAzRzwGNF– �zzRGRBAwUULfi RA URPQG BO CENIRBHF JBET
)46, FHPPNFGRAP GQwG GQN CENFNAyN BO UBAN CwRE NUNyGEBAF
ENzHyNF GQNEVwU yBAzHyGRIRGLfi NKCUBERAP GQN URAT xNGJNNA
CQBABA VBzNF zERIRAP djq RA fxjRe2 wAz GQBFN zERIRAP
GQNEVwU NKCwAFRBA yBHUz LRNUz ANJ RAFRPQGF JRGQ ENFCNyG
GB VBzN]UNINU yBAGEBU BO GQNEVwU CEBCNEGRNF–

uARGRwU JBET BA GQRF CEBSNyG xL qjh JwF FHCCBEGNz
xL d�i� iCwyN jNyQABUBPL hNFNwEyQ rNUUBJFQRC wJwEz
AHVxNE ddn02�b28tfi wAz FHxFNDHNAGUL xL GQN dw]
GRBAwU iyRNAyN rBHAzwGRBA HAzNE wJwEz AHVxNE Zch]
044‘236– d�X JwF FHCCBEGNz xL GQN dwGRBAwU iyRNAyN
rBHAzwGRBA HAzNE wJwEz AHVxNE Zch]044‘236– jQRF
JBET HFNz GQN qKGENVN iyRNAyN wAz qAPRANNERAP ZRFyBI]
NEL qAIREBAVNAG “niqZq? “GQEBHPQ wUUBywGRBA Zch]
0”‘‘41?fi JQRyQ RF FHCCBEGNz xL dwGRBAwU iyRNAyN rBHA]
zwGRBA PEwAG AHVxNE �ou]04374”1– �zzRGRBAwU QRPQ]
CNEOBEVwAyN yBVCHGRAP ENFBHEyNF JNEN CEBIRzNz xL GQN
oBEANUU oNAGNE OBE �zIwAyNz oBVCHGRAP– mN wyTABJU]
NzPN QNUCOHU zRFyHFFRBAF JRGQ qERy jBxNENEfi oEwRP rNAARNfi
wAz sHEH aQwUFw–
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