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(a)

GratingRetroreflected
Beam

(b)

Output

GratingRetroreflected
Beam

Mirror

Output

�TSVUXWZY\[

º•] 6 � �

Yta^moSblZU qveXlZ‘pUXWpY\a^moSVeXlp‹

]

•ƒa

† �

SVm…m…Y\e¯‰·qveXlZ‘pUXWpY\a^moSVeXl

]

•„š

† �

Y\a

Ð

SblZU|Sblkq~SbzZ[{lpqv[

qveXlZ‘kUXWZY\a^moSVeXl

]

UcY\a^moS€lZU¾q~acl¬šŽ[ŸWk‹…[{zµac‹œmosp[Ÿ[v—™m…[~Y\lpacy®q~a{}™SVmwª¬d“SVYoY\ecY

]¢‡

‰�eÈqveXlZ‘pUXWpY\a^moSVeXlp‹©a^Yo[•qveXd“d•eXlpyVª“Wk‹…[{z

g„ecYŸecxkmoSbq~acy g„[~[{zZškacq\½–Wp‹oS€lZU±a±zkS¨§®YtacqvmoSVeXl•UcY\a^moS€lZU

�

mosZ[

�

SVm…m…YoeŠ‰ aclpz–mosZ[¾UcY\a

Ð

SblZU¬Sblpq~SbzZ[{lkqv[¥ecY

�

SVm…mod“acl•qveXlZ‘kUXWZY\a^moSVeXlp‹

]

�a> �a>@= $'J L L	"2 
 �  �

�

�gH�"2�6L_J� !�

­

l¤mosZ[

�

SVm…m…Y\e¯‰ qveXlZ‘pUXWpY\a^moSVeXl¤mosZ[•aclZUXyV[{‹”ecg�Sblpq~S€zZ[{lpqv[Èaclpz¤zpS¨§ŽY\acqvmoSVeXl¤a^Yo[•[{h•Wpacy

9 6 � ;»]È‡

spa^m

Sb‹{¿²mosZ[¹‘pYt‹…mÈecY\zZ[~Y“zpS¨§ŽY\acqvm…[{z šŽ[{acd Sb‹¾Yo[~m…Y\ecYo[ �p[{qvm…[{z š’acqo½ eXlnm…e¦mosZ[•ybac‹…[~Y“zpSbe•zZ[`aclpz|‹…[~[{zk‹

mosZ[•ybac‹o[~YŸeX‹oq~S€ybyba^moSVeXl

]•‡

sZ[

Ð

[~Yoecmos¤ecY\zp[~YŸšŽ[{acd Yo[ �p[{qvm…[{z¤e^§ˆmosZ[°UcYta^moSblZU`Sb‹•Wp‹…[{z«ac‹•mosZ[¾y€ac‹…[~Y

eXWZm…x’WZm

]

� zpSba^UcY\acd ecg³mosZ[

�

SVm…m…YoeŠ‰ qveXlZ‘pUXWZYta^moSVeXl•Sb‹›‹ospe¯‰Œl•S€l �³SbUXWZYo[

º•] 6

•ƒa

†t]

‡

sZ[Ÿ‰œa{}c[{yb[{lZUcmos¹ecg´mosZ[•Yo[~m…Y\ecYo[ �p[{qvm…[{z`šŽ[{acd¹¿ �•¿ZSb‹©UXSV}c[{l¬š•ª“mosZ[¥zpS¨§ŽY\acqvmoSVeXlµUcY\a^moSblZU¾[{h•Wpa˜u

moSVeXl

�

d º��

‹oSbl��
�

•

º•] 6¯†

‰Œsp[~Yo[

�

S€‹œmosZ[¡‹…xkacq~S€lZUÈš®[~m¼‰�[~[{lÏybSblZ[{‹œeXl•mosZ[”UcY\a^moSblpU“aclpz��

�

Sb‹•mosZ[”aclZUXyV[”ecgTSblpq~S€zZ[{lpqv[

]

­

m�q~acl±šŽ[Œ‹…[~[{l“moska^m�acz

�

Wp‹…moSblpU¥mosZ[ŒaclZUXyV[ŒecgŽS€lpq~SbzZ[{lpqv[›ecg•mosp[•šŽ[{acd eXljm…e¡mosZ[•UcYta^moSblZU°acybm…[~Y\‹

mosZ[¡g¶Yo[{h•WZ[{lpqvª¬ecg³mosZ[”Yo[~m…YoecY\[ �p[{qvm…[{z•šŽ[{acd aclpz–sZ[{lpqv[¥mosZ[”g„Yo[{h•WZ[{lpqvª¬ecg mosp[¡ybac‹…[~Y

]

‡

sZ[›UcY\a^moSblZU°spac‹¢mw‰©e°aclpUXWpyba^Y£zZ[~UcYo[~[{‹�ecg®g¶Yo[~[{zpeXd¹¿nYoecmoa^moSbeXl±SblÈmosZ[•specY\S

Ð

eXljmoacypaclpz•}c[~YomoS€q~acy

zpSbYo[{qvmoSVeXlp‹

]©‡

sZ[¥}c[~YomoS€q~acy acybSVUXlkd•[{lnmŒecg³mosp[”UcY\a^moSblZUµSb‹•acz

�

Wp‹…m…[{z–m…e“ecxpmoSbd“S€‹…[¥mosZ[”ecxpmoS€q~acy´g„[~[{z™u

škacq\½«S€lnm…e¬mosZ[•ybac‹…[~Y¥zpSVe™zZ[

]¥‡

spS€‹ŸSb‹•acq~qveXd•x’ybSb‹osZ[{zÏš•ªÏlZecmoSblpUµmospa^m•mosZ[ÈmosZY\[{‹osZeXybz«ybac‹…[~Y¥zpSVe™zZ[

q~WZY\Yo[{lnm•a^m•‰ŒskSbq\s ybac‹oS€lZU–e™q~q~WZY\‹•zZ[{qvY\[{ac‹…[{‹•‰ŒsZ[{lˆmosZ[`ecxpmoS€q~acyœg¶[~[{zZš’acqo½ˆg¶YoeXd mosZ[`UcY\a^moS€lZU‚Sb‹

ecxpmoS€d“Sb‹…[{z

] �

—™xŽ[~Y\Sbd•[{ljmoacybyVª°mosZ[ŒxŽeX‹oSbmoSVeXl•ecg•ecxpmoSbd¾Wpd }c[~Y\moSbq~acykUcYta^moSblZU°acy€SVUXlpd•[{ljm²Sb‹¢g„eXWplpz±šjª

Yo[{zkWpq~SblZU“mosp[°ybac‹…[~Y•zpSVe™zZ[”q~WZY\Yo[{lnmŸm…e

�

Wp‹…mŒš®[{ybe¯‰ mospYo[{‹osZeXybzÏaclpz•mosp[{lÏa^xpx’yVª•S€lZU“a±‹oq~aclÏm…e¬mosZ[

ybac‹o[~YŒq~WZYoYo[{ljmŒ‹…e±mospa^m•mosZ[¡y€ac‹…[~YŒ‹oq~aclp‹

�

Wk‹…m•a^šŽe¯}c[¡mospYo[{‹osZeXybz

]T‡

sZ[”m…Y\aclp‹\SVmoSVeXl`g„YoeXd lZeXl™uwy€ac‹oSblZU

m…e•ybac‹\SblZU±šŽ[{spa¯}•SbeXWZYiS€‹Ÿecš’‹…[~Yo}c[{z«šjªÏxkybacq~SblpUµa¬xksZecm…e™zpSVe™zZ[°S€l–mosZ[ÈeXWZm…x’WZmŸšŽ[{acd ecg²mosp[Èy€ac‹…[~Y

aclpzˆyVe•ec½•S€lZU¹g¶ecYÈa«‹ospa^Yox¦S€lpqvYo[{ac‹…[¬Sbl¸mosZ[µecxpmoSbq~acy�xŽe¯‰©[~Y°}c[~Y\‹\Wp‹¡q~WZY\Yo[{lnm¾q~WZYo}c[¬ac‹°mosp[µzpSVe™zZ[

šŽ[~UXSblp‹•m…eÏybac‹…[

]•‡

sZ[•}c[~YomoS€q~acy¢UcY\a^moSblZU•acy€SVUXlpd•[{ljm”Sb‹•mosZ[{l¸acz

�

Wp‹om…[{z¤m…e•Yo[{zpWpqv[•mosp[“q~WZYoYo[{ljm”a^m

‰ŒskSbq\s`mosZ[°zpSVe™zZ[¥ybac‹…[{‹›m…e±a±d“SblpSbd¾Wpd

]

‡

sZ[¥sZecY\S

Ð

eXljmoacyŽUcY\a^moSblZU•acybSbUXlpd•[{ljmœqveXljm…YoeXyb‹œmosp[¥‰©a¯}c[{yV[{lZUcmos•a^m›‰ŒskSbq\s¬mosZ[”ybac‹o[~Y›ecx®[~Yta^m…[{‹

]

‡

sp[²[v—™m…[~Y\lpacy™q~a{}™SVmwª¾yV[{lZUcmos¾Sb‹³acyVm…[~Yo[{z°e¯}c[~Y£‹od“acy€yXY\aclZUc[{‹TWp‹\SblZUŒaŸxkSV[

Ð

e•[{yV[{qvm…Y\Sbq©acqvmoWpa^m…ecYŒ•ƒÉ 0

‡Ÿ†

a^m…moacqtsZ[{z¦m…e¹mosp[•UcY\a^moSblZU¹d•eXWpljm

]•‡

sZ[•ybac‹…[~Y”q~acl¸š®[ÈmoWplp[{zÏeŠ}c[~Y°a`Y\aclpUc[•ecg
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u
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‰ŸspSbyV[

Yo[{d±acSblpSblZU`‹oSblpUXyV[°d•e™zZ[•Wp‹oS€lZUµmosp[ÈÉ 0

‡

‰ŒSVmos«g„[~[{zZg¶ecY\‰©a^Y\z¤m…e¹mosp[Èy€ac‹…[~Y”q~WZYoYo[{ljm

] �

a^YoUc[~Y¥g„Yo[vu

h•WZ[{lpqvª«acz

�

Wk‹…mod•[{ljmo‹~¿ WZx¤m…e

6~‡•ÎŸÐ

ecY¥UcYo[{a^m…[~Y{¿³q~acl‚šŽ[°ecšpmoacS€lZ[{z¤šjª«d“acl•WpacybyVª–acz

�

Wp‹omoSblZU¬mosZ[

sZecYtS

Ð

eXlnmoacy acybSVUXlpd•[{ljm›ecg³mosZ[”UcY\a^moSblpU“Wp‹oSblZU•aclÏacz

�

Wk‹…mod•[{ljm•‹oqvYo[~‰

]

�iyby•ecg³mosZ[¡y€ac‹…[~Y\‹•q~WZY\Yo[{lnmoybª¬Sbl¹Wk‹…[”Sbl`eXWZYŸ[v—•xŽ[~Y\Sbd“[{lnm›Wp‹…[¥mosp[

�

SVm…m…Y\e¯‰ UcYta^moSblZU“qveXlZ‘pUXWpY\a˜u

moSVeXl

]
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­

l–mosp[¡UcY\a

Ð

SblpUµSblpq~S€zZ[{lpqv[c¿kecY

�

Sbm…mod“acl•¿’qveXlp‘pUXWZY\a^moSVeXlÏmosZ[¾aclZUXyV[¡ecg�Sblpq~SbzZ[{lkqv[”Sb‹Ÿq~ybeX‹…[¡m…e

7^Ê/�˜]

‡

sp[•‘pY\‹…m¥ecY\zp[~Y”zpS¨§ŽY\acqvm…[{z‚šŽ[{acd·Sb‹¥zpSbYo[{qvm…[{z‚eXljm…eÏa¹d“SVY\YoecY”aclpz¸Sb‹•mosp[{l‚Yo[~m…YoecYo[ �k[{qvm…[{z¸eXljm…e

mosZ[°UcY\a^moSblZU`aclpzÏzpS¨§ŽY\acqvm…[{z•škacq\½–Sbljm…e±mosZ[¾ybac‹…[~Y•zpSVe™zZ[”m…eµxpYoe¯}™SbzZ[°mosZ[¡ecxkmoSbq~acy´g„[~[{zZškacq\½

]i‡

sZ[

ybSbUXsnm•Yo[~m…Y\ecYo[ �p[{qvm…[{z m…e¦mosZ[–ybac‹…[~YµzpSVe™zZ[`mosjWp‹“xkac‹o‹…[{‹•mospYoeXWZUXs|mosZ[¹UcYta^moSblZU¸m¼‰ŒSbqv[–aclpz|sp[{lpqv[

mosZ[°UcY\a^moSblZU±UXSV}c[{‹•m¼‰ŒSbqv[¡mosp[¡g„Yo[{hjWp[{lpqvª¬‹o[{yV[{qvmoSV}™SVmwª`ecg¢mosZ[

�

SVm…m…YoeŠ‰ qveXlZ‘pUXWpY\a^moSVeXl

]œ‡

sZ[

Ð

[~Y\ecmos

ecY\zp[~Y�zpS¨§ŽY\acqvm…[{z±š®[{acd e^§•mosZ[ŒUcYta^moSblZU°S€‹£Wp‹…[{zµac‹²mosZ[Ÿybac‹…[~Y²eXWpm…xkWZm

]

� zpSba^UcY\acd ecg•mosZ[•UcY\a

Ð

S€lZU

Sblkq~SbzZ[{lpqv[¥qveXlZ‘pUXWpY\a^moSVeXl•Sb‹›‹\sZe¯‰Œl–Sbl �TSVUXWZYo[

º•] 6

•„š

†t]

­

l mosZ[–UcY\a

Ð

S€lZU Sblkq~SbzZ[{lpqv[•qveXlZ‘kUXWZY\a^moSVeXl mosZ[–[v—™m…[~Y\lpacyiq~a{}™SVm¼ª g¶Y\[{hjWZ[{lkqvª S€‹±acz

�

Wp‹…m…[{z šjª

acyVm…[~YtSblZU¬mosZ[¾specY\S

Ð

eXljmoacy¢aclpz–}c[~Y\moSbq~acy¢acybSVUXlpd“[{lnmiecg£mosZ[ÈYo[~m…YoecY\[ �p[{qvmoSVeXl¤d“SVYoY\ecY

]i‡

spSb‹ispac‹imosZ[

aczZ}^acljmoa^Uc[µeŠ}c[~Y°mosZ[

�

SVm…m…YoeŠ‰ qveXlZ‘pUXWpY\a^moSVeXl‚mospa^m¡mosZ[•UcY\a^moSblZUÏSb‹”‹…moa^moSVeXlka^Yoª«a^m¾acybyTmoSbd•[{‹¡aclpz

sZ[{lkqv[°mosZ[°eXWZm…xkWZmŸšŽ[{acd ecg¢mosZ[Èybac‹…[~YiacyV‰œa{ª™‹ŸxŽeXSbljmo‹ŒS€l•mosZ[È‹oacd•[¾zpSVYo[{qvmoSVeXl

]›­

l«qveXlnm…Ytac‹…m~¿ŽmosZ[

aclZUXyb[›ecg’mosZ[ŒeXWZm…xkWZmTšŽ[{acd ecg®mosZ[

�

SVm…m…Y\e¯‰ qveXlZ‘kUXWZY\a^moSVeXl“y€ac‹…[~Y£acyVm…[~Y\‹£ac‹²mosZ[•sZecY\S

Ð

eXlnmoacy™UcY\a^moS€lZU

aclZUXyb[•S€‹©acz

�

Wp‹om…[{z•¿™‰ŒspSbqtsµd¾Wp‹…mœšŽ[iqvecY\Yo[{qvm…[{z¹g„ecYœWk‹oSblZUÈd“SVYoY\ecY\‹�a^g„m…[~Y›mosZ[¥ybac‹…[~Yœm…e•[{lp‹\WZYo[imospa^m

mosZ[°ybac‹…[~YŒqveXljmoSbl•WZ[{‹›m…e“xŽeXSbljm•a^m•mosZ[”‹oacd“[”xkybacqv[

]
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É�sZecm…eXlp‹Œ‹ox®eXljmoaclZ[~eXWp‹\yVª±[{d“Sbm…m…[{z•‰ŒSVmoskSbl±mosp[¡ybac‹…[~YŒzkSVe•zp[•S€lnm…e“mosp[”Sblnm…[~Ytlpacy•q~a{}™SVmwª•d“e•zZ[{‹•‰ŒSbyby

šŽ[°acd“xkybSV‘p[{z•[~}c[{lÏSVg¢mosp[~ª•a^Yo[¾lpecmŒYo[{‹…eXlkaclnmi‰ŒSVmos–mosZ[¡[v—™m…[~Y\lpacy³q~a{}™SVmwª«d•e™zZ[

]•‡

spSb‹ŸSb‹•½™lZeŠ‰Œl

ac‹��Ÿd•x’ybSV‘p[{z

�

xŽeXljmoaclZ[~eXWp‹

�

d“Sb‹o‹oSbeXl`• �

� �œ†t]n‡

sZ[›eXWZm…x’WZm¢g¶Y\[{hjWZ[{lkqvª¾‹…xŽ[{qvm…Y\Wkd ecgŽacl±[v—•m…[~Ytlpacy

q~a¯}•SVm¼ª¸zpSVe™zZ[“ybac‹…[~Y¡ecx®[~Yta^moSblZU•eXl¸aÏ‹oSblZUXyb[¾[v—™m…[~Y\lpacy�q~a{}™SVmwª¸d“e•zZ[µsZ[{lpqv[±qveXlp‹\Sb‹…mo‹¥ecg›a•‹…m…Y\eXlZU

qveXsZ[~Y\[{lnmÈ‹…xkSV½c[µg¶ecY¾mosZ[µ[v—•m…[~Y\lkacy�q~a¯}•SVm¼ª d•e™zZ[¬aclpz¦a«qveXd¡šˆecg•‰©[{a^½ �

� �

d“e•zZ[{‹¾‹…[~xka^Yta^m…[{z

š•ª±mosZ[”S€lnm…[~Y\lkacy’q~a¯}•SVm¼ª¹d•e•zp[•‹oxkacq~SblZU

]

�TSVUXWZYo[

º•]Ìº

‹ospe¯‰Œ‹œmosZ[•eXWZm…x’WZm›‹…xŽ[{qvm…Y\Wpd ecg mosp[¥Ò

7

�˜lkd

ybac‹o[~Y{¿²zZ[{d•eXlk‹…m…Y\a^moSblZU«mospSb‹¾šŽ[{spa¯}•SVeXWpY

]¸‡

sZ[¹ybac‹…[~Y•Sb‹

�

Wp‹…m¾šŽ[{yVe¯‰ ybac‹oS€lZUÏmospYo[{‹osZeXybz´¿¢‰ŒSVmos mosZ[

d•e™zZ[”SblkzpSbq~a^m…[{z`š•ªµmosZ[°a^YoYoe¯‰ š®[{S€lZU•a^š®eXWpm•m…e±ybac‹…[

]

�TSVUXWZY\[

º•]Ìº3� .

WZm…xkWZm ‹ox®[{qvm…YtWpdÆecgkÒ

7

�˜lpd ybac‹o[~Y zpSVe™zZ[

] �

ac‹…[~YTSb‹

�

Wp‹…m š®[{ybe¯‰ˆmosZYo[{‹osZeXy€z•¿ŠSblkzpSbq~a^m…[{z

d•e™zZ[”Sb‹Œa^š®eXWpm›m…e±ybac‹…[

]

‡

sZ[±xpY\[{‹…[{lpqv[±ecg›mosp[!�

� �

d“e•zZ[{‹¾q~acl š®[±xka^YomoSbq~Wpy€a^Y\yVªÏska^Y\d•gƒWpy£Sbl¦mosZ[µSVeXl¦m…Y\a^xˆg¶ecY°mosZ[

ybac‹o[~Y\‹›Wp‹…[{z¬m…e“qve•eXyŽmosZ[¥SVeXlp‹›aclpz¬xpYoeŠ}•S€zZ[Ÿmosp[��kWZecYo[{‹oqv[{lkqv[im…e•ecš’‹…[~Yo}c[¥mosZ[¥SVeXlp‹{¿™S

]

[

]

mosp[”d“acSbl

m…Y\aclk‹oSVmoSVeXl“a^mœÒ

7

�˜lpd aclpz“mosZ[ŸYo[~xkWpd“xkSblZU•m…Y\aclp‹\SVmoSVeXl“a^m

,�*�*

lpd

]

�ZecY©[
	±q~SV[{ljm

_

ecxpxkyb[~Y²qvejeXy€SblZU

mosZ[`SVeXlˆlZ[~[{zp‹°m…e«‹\q~a^m…m…[~Y•ecg•mosZ[±ecYtzZ[~YÈecg

6~Ê

s

xkspecm…eXlp‹¡xŽ[~YÈ‹…[{qveXlpz•¿¢S

]

[

]

mosZ[
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i�� l

m…e

)	�

i�� l

m…Y\aclk‹oSVmoSVeXlµ‹osZeXWpybz±šŽ[Ÿq~yVeX‹…[im…eÈ‹oa^moWZY\a^moSVeXl¬aclpzµmosZ[iYo[~xkWpd•x’SblZU¥m…Y\aclp‹\SVmoSVeXl±a^m

,�*�*

lpd ‹ospeXWpybz•šŽ[

‰©[{yby•a^šŽe¯}c[¡‹\a^moWZY\a^moSVeXl¹m…e•Y\[~xkWpd•x¹[
	±q~Sb[{lnmoyVª

]£‡

sZ[¥xpYo[{‹…[{lkqv[¥ecg �

� �

d•[{aclk‹›mospa^m›mosZ[~Yo[”S€‹œmosZ[
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7

�˜lkd ybac‹…[~Y›qveXlnmoacS€lp‹›aÈ‹od“acyby®acd•eXWpljmœecg ybSVUXsjm�a^mŒÒ

7

Ò^lkd¹¿ZS

]

[

]

mosZ[°‰©a¯}c[{yV[{lZUcmosÏecg¢mosZ[

)��

i�� l

m…e

)	�

n�� l

m…Y\aclk‹oSVmoSVeXl

] �

Sbd“S€yba^Y\yVªc¿™mosZ[”eXWpm…xkWZm•ecg¢mosZ[

,�*�*

lpd y€ac‹…[~Y
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-�� � � -�� $ � �

�"��� 
 � � �����!��� ���!�

_

SVYo[{qvmoybªÏSbl«g„YoeXlnm•ecg©mosZ[•‹oyba¯}c[“d•e•zkWpyV[¾mosZ[~Yo[“Sb‹•a¹‹oSblpUXyV[°‹…moa^Uc[±ecxpmoSbq~acy¢Sb‹…eXy€a^m…ecY

]°‡

sp[¾eXWpm…xkWZm

xŽeXyba^Y\S€‹…[~YTecgkmosZ[•Sb‹oeXyba^m…ecY²Sb‹T‹…[~xka^Yta^m…[{z•g¶Y\eXd mosZ[œšŽe•zZª¡ecg’mosZ[•S€‹…eXyba^m…ecY£aclpz•a �

�^º

xkyba^m…[›Sb‹Tx’ybacqv[{z

šŽ[~mw‰©[~[{lˆmosZ[��ka^Y\aczpa{ª¦Yoecmoa^m…ecY•aclpz¸mosZ[µeXWZm…xkWZm¡x®eXy€a^Y\Sb‹…[~Y{¿ m…e–Yoecmoa^m…[`mosZ[µxŽeXyba^Y\Sb‹oa^moSbeXl¤ecg›mosZ[

eXWZm…x’WZm›šŽ[{acd m…e“}c[~YomoSbq~acy

]

� zpecU^uwyV[~Uµa^YoYtaclZUc[{d•[{ljmiSb‹ŒWp‹…[{z•m…e¬zpSVYo[{qvmŒmosZ[¡šŽ[{acd g„YoeXd mosZ[¡d“ac‹…m…[~Y•ybac‹…[~YiSbljm…e±mosZ[¾‹oSbzZ[

ecg•mosZ[ŒeXWZm…xkWZm£xŽeXyba^YtSb‹…[~Y{¿Xaclpz±mosZ[{lpqv[ŸmosZYoeXWZUXs•mosp[ �pa^Y\aczka{ª“Yoecmoa^m…ecY©eXljm…e¡mosZ[i‹oyba{}c[izpSVe™zZ[

]T‡

sZ[

acybSbUXlpd•[{ljmŸecg�mosZ[•zZecU^uwyV[~U•Sb‹ŸecxpmoSbd“S€‹…[{z«šjª•Y\[{zpWpq~SblZUµšŽecmos¤mosZ[¾d±ac‹…m…[~Y¡aclpz¤‹oyba¯}c[•q~WZYoYo[{ljmo‹•m…e

q~yVeX‹o[”m…e“mosZYo[{‹\sZeXybz`aclpz¹mosZ[{l–yVejec½™SblZU•a^m•mosp[”‹oyba{}c[¡eXWZm…xkWZm›xŽe¯‰©[~YŒac‹ŒmosZ[”zZecU^uwyV[~U±acy€SVUXlpd•[{ljm›Sb‹

qtspaclZUc[{z

]�)

sZ[{l•Uceje™z•Sbl

�

[{qvmoSVeXl¹Sb‹•ecšpmoacSblZ[{z`mosZ[°‹oyba{}c[¡eXWZm…xkWZm›xŽe¯‰©[~YŒSblkqvYo[{ac‹…[{‹

]

�il¹acyVm…[~Y\lka^moSV}c[¥d•[~mosZe™z¬S€‹�m…e“Wk‹…[iskSVUXsZ[~Y›d“ac‹…m…[~Y•aclpz`‹oy€a{}c[”q~WZYoY\[{lnmo‹œaclpz`‹oq~acl`mosZ[¥d“ac‹om…[~Y

ybac‹o[~YiWp‹\SblZU“mosZ[°UcY\a^moSblZUZ¿®‰ŒspS€yV[”yVe•ec½•SblpU±a^mŸmosp[°‹oyba¯}c[ÈeXWZm…xkWZm•eXl«a¬‹…xŽ[{qvm…Y\Wpd aclkacyVª•‹o[~Y

] )

sZ[{l

mosZ[“‹\yba{}c[±S€l

�

[{qvmo‹”mosZ[•xŽ[{a^½•‹•eXl‚mosp[“‹…xŽ[{qvm…Y\Wpd aclpacyVª™‹…[~Y”lpa^Y\Yoe¯‰ aclkz‚SblpqvYo[{ac‹…[“S€l‚sZ[{SVUXsjm”zZY\a˜u

d“a^moS€q~acybyVª

]£‡

sZ[¥acybSbUXlpd•[{ljmœS€‹�ecxkmoSbd“Sb‹…[{z¬‰Œsp[{l`mosZ[¥‹oyba{}c[”S€l

�

[{qvmo‹œeŠ}c[~YŸac‹›‰ŸSbzZ[•a•‹oq~acl`Y\aclZUc[¥ecg

mosZ[°d“ac‹…m…[~YŸy€ac‹…[~Y•ac‹•xŽeX‹o‹oSbškyV[

]
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‡

sp[•‹\yba{}c[¡y€ac‹…[~Y›Yo[{qv[{SV}c[{‹ŸSblZxkWZmo‹�g„YoeXd SVmo‹œm…[{d•xŽ[~Y\a^moWpYo[¥qveXlnm…YoeXy€yV[~Y{¿pq~WZYoY\[{lnm•qveXljm…YoeXybyV[~Y•aclkz`mosZ[

d“ac‹om…[~Y”ybac‹…[~Y•‹oq~acl¤qveXlnm…YoeXy€yV[~Y

]¥‡

sZ[¾q~WZYoYo[{ljmiaclkzÏm…[{d“x®[~Yta^moWZYo[ÈqveXlnm…YoeXy€yV[~Yi‹o[~m…moSblZUX‹•a^Yo[•q\sZeX‹o[{l

m…e•xpY\e¯}™SbzZ[imosZ[¥d“a˜—™S€d°Wpd Sbl

�

[{qvm…[{z¹‹oq~acl¬Y\aclZUc[”aclkz¬‹\yba{}c[•eXWZm…xkWpm©xŽeŠ‰�[~Y•a^mœmosZ[¥q\speX‹…[{l¹qv[{lnm…Y\[

g„Yo[{h•WZ[{lpqvª

]
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‡

sZ[¾‹\q~acl‚qveXlnm…YoeXy€yV[~Y•xpYoe¯}™SbzZ[{‹Ÿg„[~[{zZg¶ecY\‰©a^Y\z«m…e`mosZ[•‹oyba¯}c[•q~WZYoYo[{ljm

]”‡

sZ[¾‹…[~m…moSblZU`ecg

�

Wpd•xŽ[~Y

�

É

6

ÒµSbl¹mosZ[È‹oyba¯}c[

_

 • 

6~ÊcÊ

d•e™zpWpyV[”d¾Wp‹…mid“a^moq\s«mosZ[¾‹…[~m…moSblZUµecg

�

Wkd•xŽ[~Y

�

É

6 *

Sbl–mosZ[

�

 

6~ÊcÊ

d•e™zpWpyb[

] ­

l•mosZ[ŸxpYo[{‹…[{ljm²‹…[~moWZxµmosZ[{‹…[

�

Wpd“x®[~Yt‹¢a^Yo[ŒšŽecmos“‹…[~m�m…e¡xŽeX‹oSVmoSbeXl“Ò•¿•‹…e¡mospa^m²mosZ[iSbljm…[~Y\lpacy

ybS€lZ[¥Wp‹…[{z¹Sb‹ �

_

�

º

aclkz`mosZ[¡yV[~g„m uwspaclpz`m…Y\S€d•xŽecm�eXl¹mosp[

�

 

6~ÊcÊ

Sb‹›Wk‹…[{z`m…e±qveXljm…YoeXy•mosZ[¥g„[~[{zZg„ecY…u

‰œa^Y\zÏm…e±mosZ[¾‹oyba{}c[

]i‡

sZ[”g„[~[{zZg„ecYo‰œa^Y\z–Sb‹ŒecxpmoSbd“S€‹…[{z–Sbl–a±‹oSbd±Sbyba^YŒd“aclklZ[~YŒm…eµmosZ[°d“ac‹om…[~Y•y€ac‹…[~Y

]

‡

sp[¾d“ac‹om…[~Y•y€ac‹…[~Y¥Sb‹Ÿ‹\q~aclplZ[{zÏe¯}c[~Y¡a¬yba^YoUc[¾Y\aclZUc[•Wp‹oS€lZU“mosZ[¾UcY\a^moSblZUZ¿•a^šŽeXWZm

6~Ê��•ÎŸÐ

ecY•d“ecYo[

]

‡

sp[¾‹oy€a{}c[Èg¶[~[{zpg¶ecYo‰œa^Y\z•¿®m…[{d•xŽ[~Y\a^moWZY\[¾aclpz¤q~WZY\Yo[{lnmia^Yo[ÈmosZ[{l¤acz

�

Wp‹…m…[{zÏm…e¬UXSb}c[°mosZ[•d“a˜—ZSbd¾Wpd

Sbl

�

[{qvm…[{z•‹\q~acl•Y\aclZUc[

]
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)

sZ[{l•[v—Zacd“SblkSblZU•mosZ[”g„Yo[{h•WZ[{lpqvª¹‹…moa^škS€ybSVmwª¬ecg£a“ybac‹o[~YŸ‹…ª™‹…m…[{d mosp[~Yo[°a^Yo[¡mw‰©e¬zpSV§®[~Yo[{ljm•Yo[~UXS€d•[{‹

mospa^m¬lZ[~[{z|m…e š®[•qveXlk‹oSbzZ[~Yo[{z

] ‡

sZ[¹‘pYt‹…m±Sb‹•mosp[–yVeXlZU‚m…[~Y\d ‹…moa^škSby€SVmwªc¿©‰ŒsZ[~Yo[ À ybeXlZU¸m…[~Y\d“Á¦Sb‹

zZ[~xŽ[{lpzp[{lnm•eXlÏmosZ[¾xkWZYoxŽeX‹…[¥moska^mŸmosZ[¾ybac‹…[~Y•Sb‹•šŽ[{SblpU±Wp‹…[{z–g¶ecYiškWZmiq~acl–šŽ[¡Y\eXWZUXspyVª¹qveXlp‹oS€zZ[~Yo[{z

m…e°š®[•d±SbljWpm…[{‹¢m…e”‰©[~[~½•‹

]£‡

sZ[ŒyVeXlZU¥m…[~Ytd ‹…moa^škS€ybSVmwª°ecgŽmosZ[Œybac‹…[~Y©Sb‹£Sbd“x®ecY\moaclnm¢g„ecY£Yo[~xŽ[{a^m…[{z“YtWplp‹

ecg�mosZ[°[v—™xŽ[~Y\Sbd•[{ljm~¿Žm…e`[{lp‹oWZYo[¾mospa^m•mosZ[•ybac‹…[~Yig„Yo[{hjWp[{lpqvª–Sb‹•acyV‰œa{ª™‹¥a^m•mosZ[•‹oacd•[Èxkybacqv[¾eXl«mosZ[

a^m…eXd“S€q›a^šk‹…ecYoxpmoSbeXl¾y€SblZ[

] ‡

spSb‹TSb‹³xka^YomoSbq~Wkyba^Y\yVª”Sbd“x®ecY\moaclnm³g¶ecY£h•WpacljmoWpd SblZg„ecY\d“a^moSbeXl°xkYoe•qv[{‹\‹oSblZU

[v—™xŽ[~Y\Sbd•[{ljmo‹¢‰ŒsZ[~Y\[›mosZ[ŒacyVUcecY\Sbmospd Sb‹¢m¼ªjx’Sbq~acybyVª¾xpYoecška^š’SbybSb‹…moS€q²aclpz“‹oe¡d°Wk‹…m£šŽ[›Yo[~xŽ[{a^m…[{z±a”y€a^YoUc[

l•Wpd°š®[~Y›ecgTmoSbd“[{‹›m…e“ecšpmoacSbl•mosZ[”zZ[{‹oSVY\[{z`Yo[{‹oWpyVm

]

�

eXlZU¡m…[~Ytd g„Yo[{hjWp[{lpqvª¾‹omoa^škSbybSVm¼ª¾S€‹¢ecšpmoacSblZ[{z“šjª•yVe™qo½™SblZU¥mosZ[iybac‹…[~Y£m…e¾a¥g„Yo[{hjWp[{lpqvªÈYo[~g¶[~Y\[{lpqv[

]

‡

sp[”d•eX‹…mŒqveXd“d“eXl•g„Yo[{hjWp[{lpqvªµY\[~g¶[~Yo[{lkqv[{‹ŒWp‹…[{z–a^Yo[¡a^m…eXd“Sbq”m…Y\aclp‹oSVmoSbeXlp‹›Sbl•a^m…eXd“‹ŸSbl•a•}^a^xŽeXWZY

qv[{ybyŽaclpz �pa^špY\ªnuwÉ³[~Yoecm•q~a¯}•SVmoSb[{‹

] �

‹oSblZU¾acl¬a^m…eXd±Sbqim…Y\aclp‹oSVmoSbeXlµac‹œa¾g¶Y\[{hjWZ[{lkqvª“Yo[~g„[~Yo[{lpqv[•spac‹©mosZ[

aczZ}^acljmoa^Uc[°mospa^mŸmosZ[¡a^šk‹oeXybWZm…[¥g„Yo[{hjWp[{lpqvª`ecg³mosp[”m…Y\aclp‹oSbmoSVeXl¹Sb‹›‘Z—™[{z

]©‡

sZ[”d“acSbl–zpSb‹oaczZ}^acljmoa^Uc[{‹

ecg¾yVe•q\½•S€lZU¦m…e|acl a^m…eXd“Sbq«m…Y\aclp‹\SVmoSVeXl a^Yo[Ïmoska^m¬mosp[«a¯}˜acSby€a^škyV[«m…Y\aclp‹oSVmoSbeXlp‹±d“a¯ª lZecm`šŽ[Ïq~ybeX‹…[

m…e¹mosZ[•zZ[{‹\SVYo[{z«g¶Y\[{hjWZ[{lkqvª–g„ecY¥mosZ[È[v—•xŽ[~Y\Sbd“[{lnm~¿•aclpz¤mosZ[•a^šk‹oecYoxpmoSVeXl¤‹oSVUXlkacy³S€‹Ÿm¼ªjx’Sbq~acybyVª•gƒacSVY\ybª

‹od±acyby

]

�pa^špYoªjuwÉ³[~YoecmŸq~a¯}•SbmoSV[{‹Œq~acl¹šŽ[”d“acl•WZgƒacqvmoWZYo[{z`m…e“UXSb}c[¡a•q\sZeX‹o[{l•g„Yo[~[”‹…xŽ[{qvm…Y\acy•Y\aclpUc[”aclpz

ybS€lZ[~‰ŒSbzZmos±šjª¬q\sZe•eX‹oSblpU¾mosp[•q~a¯}•Sbmwª¹yV[{lZUcmos`aclpz¹d“SbYoYoecY©Yo[ �p[{qvmoSV}™SVmoSV[{‹©Yo[{‹…xŽ[{qvmoSV}c[{ybª

]£­

l`aczpzkSVmoSVeXl•¿

aczpzkSblZU`a¹É 0

‡

m…e¹eXlZ[•ecg�mosZ[•d“SVYoYoecYt‹iacy€yVe¯‰Œ‹imosZ[•xŽ[{a^½Ïx®eX‹\SVmoSVeXlp‹Ÿm…e¹šŽ[È‹\q~aclplZ[{z¤‹…e¹mosZ[•yVe™qo½

xŽeXSbljm°q~acl šŽ[µd•eŠ}c[{z m…e«a«zZ[{‹oSVY\[{z¸g„Yo[{hjWp[{lpqvª

]Ï‡

sp[µzpSb‹\aczZ}˜acljmoa^Uc[{‹°ecgŒa �ka^špYoªjuwÉ [~Y\ecmÈq~a¯}•Sbmwª

a^Yo[µmospa^m°acl a^šk‹…eXybWpm…[±g„Yo[{hjWp[{lpqvªÏY\[~g¶[~Yo[{lkqv[µSb‹°lZecm”ecšpmoacSblp[{z¦aclpz¦mosZ[µ‹…moa^š’SbybSVm¼ªÏecgœmosZ[¬yVe•q\½‚Sb‹

zZ[~xŽ[{lpzp[{lnmTeXl•mosZ[•‹omoa^škSbybSVm¼ª¡ecg®mosZ[•q~a{}™SVm¼ª

]²‡

spa^m£Sb‹{¿XSVgkmosZ[›ecxkmoSbq~acypyV[{lZUcmosÈecg®mosZ[•q~a¯}•SVm¼ª•q\spaclZUc[{‹

‰ŒSbmos“moSbd•[•zpWZ[Œm…e¾m…[{d“x®[~Yta^moWZYo[ŒecY©xpYo[{‹\‹oWZYo[ �’WpqvmoWpa^moSVeXlp‹�mosZ[•a^šk‹…eXybWpm…[Œ}^acybWZ[Œecg•mosp[iyVe™qo½•xŽeXSbljm

g„Yo[{h•WZ[{lpqvª¬‰ŒSbybyŽq\skaclZUc[¡qvecYoYo[{‹ox®eXlkzpSblZUXyVª

]

‡

sZ[£ecmosZ[~Y³Yo[~UXSbd•[²mospa^m lZ[~[{zk‹´m…eŒšŽ[²qveXlk‹oSbzZ[~Yo[{z¡Sb‹´mosZ[�‹osZecYom´m…[~Ytd g„Yo[{h•WZ[{lpqvª¥‹…moa^škSby€SVmwªiecg™mosZ[

ybac‹o[~Y

]¢­

m›Sb‹©eŠ}c[~Y•mospSb‹©moSbd•[{‹\q~acyV[•mospa^m›mosZ[•g„ac‹om �kWpqvmoWpa^moSVeXlk‹©S€lµybac‹o[~Y›g¶Yo[{h•WZ[{lpqvªµzpWZ[•m…e•[v—•m…[~Ytlpacy

[{lj}•SbYoeXlpd•[{ljmoacy³[v§®[{qvmo‹”aclkz«lpeXSb‹…[¡‰ŸSVmospSbl–mosZ[•ybac‹…[~Y¥SVmo‹…[{yVg£a^Y\[¾m…e`šŽ[Èq~aclpqv[{ybyV[{zÏeXWZm

]

�©ª–Wp‹o[°ecg

[{yV[{qvm…Y\eXlpSbq¥g„[~[{zZškacq\½¹m…e“mosZ[¡ybac‹o[~YŸq~WZYoY\[{lnm•aclpz–UcY\a^moSblZUµÉ 0

‡

ybac‹o[~YŒg„Yo[{hjWp[{lpqvª!�’WpqvmoWpa^moSVeXlp‹Œq~acl

šŽ[¾Yo[{zpWpqv[{zÏm…e¹a¬y€a^YoUc[•zZ[~UcYo[~[

]¥­

g£mosZ[¾g¶[~[{zZš’acqo½–Y\[{‹…xŽeXlp‹…[ÈSb‹Œgƒac‹…m•[{lZeXWZUXs«mosZ[Èybac‹…[~Y¥ybS€lZ[~‰ŒSbzZmos

q~acl š®[–Yo[{zpWpqv[{z|š•ªˆmosZ[•[{yV[{qvm…YoeXlkSbq¹g„[~[{zZškacqo½

]

� g„Yo[~[•YtWplplpSblpU«ybac‹o[~Y±zpSVe™zZ[¹mwª•xkSbq~acy€yVª spac‹µa

ybS€lZ[~‰ŒSbzZmos¤ecgŒecY\zZ[~Y

6~ÊcÊXÍ–ÎŸÐc]�)

SVmosˆlZ[~UXa^moSV}c[¬[{yV[{qvm…YoeXlkSbq±g„[~[{zZškacq\½¦aclpz g„ac‹om¡[{yV[{qvm…YoeXlkSbq~‹¾mospSb‹

q~acl¾šŽ[²Yo[{zkWpqv[{z¡m…e•Wplpzp[~Y³aŸ½•S€yVeXsZ[~Yom

Ð�9 º��Z;»] .

xpmoSbq~acyXg„[~[{zZškacq\½°q~acl¾UXSV}c[œqveXd•xka^Y\a^š’yV[²Yo[{‹\WpyVmo‹

9 º�* ;»]

­

l¥ecY\zp[~Y´g¶ecY g¶Yo[{h•WZ[{lpqvªi‹…moa^škSby€Sb‹oa^moSVeXliecg™mosZ[£ybac‹…[~Y m…e•šŽ[£acq~qveXd•xkybSb‹\sZ[{z•mosZ[£‹…ª™‹…m…[{dÆY\[{hjWpSbYo[{‹

9 º

�

;

6^]

���ZYo[{h•WZ[{lpqvª

_

[{d•e•zkWpyba^m…ecYim…e`zp[~m…[~Y\d“SblZ[¾mosZ[ÈzpS¨§Ž[~Yo[{lpqv[¾šŽ[~mw‰©[~[{l¤mosZ[¾y€ac‹…[~Y•g¶Yo[{h•WZ[{lpqvª
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aclpz¹mosZ[”Y\[~g¶[~Yo[{lkqv[”g¶Y\[{hjWZ[{lkqvª

º•]

�

�

[~Yo}ce^uwacd•xkybSb‘p[~Y›m…e±acd•xky€SVg¶ª±mosZ[”[~YoYoecYŸ‹oSVUXlpacy

Ò

]

� �pYo[{hjWp[{lpqvª

Í

e™zpWpyba^m…ecY›m…e±acy€yVe¯‰Æmosp[”ybac‹…[~Y›g„Yo[{hjWp[{lpqvªµm…e±š®[¥qtspaclZUc[{z•š•ª±mosp[”g¶[~[{zpškacqo½

yVejecx

�

ac‹…[~Y¢g¶Y\[{hjWZ[{lkqvª¡d•e™zpWpyba^moSVeXl¡g¶ecY¢[v—™m…[{lpzZ[{zÈq~a¯}•SVm¼ª¾zkSVe•zp[�ybac‹…[~Yt‹³S€‹ xpY\e¯}™SbzZ[{z°šjª¾d•e•zkWpyba^moSblZUŒmosZ[

ybac‹o[~Y£q~WZYoYo[{ljm¢ecY¢UcY\a^moSblZU”É 0

‡

}ceXyVmoa^Uc[

]£‡

sp[œ‹o[~Yo}ce^uwacd•xkybSb‘p[~Y£Wp‹oWpacy€yVª”qveXlp‹oSb‹omo‹Tecg®a¥‹…moaclkzpa^Y\z•É

­

ecYœÉ

­ _

yVe™qo½±q~SbY\q~WpSVm

]T‡

sZ[•g„Yo[{h•WZ[{lpqvª“zZ[{d“e•zpWkyba^m…ecY�Sb‹²mosZ[Ÿsp[{a^Yom�ecg•mosp[Œg„Yo[{hjWp[{lpqvª“‹…moa^škSby€Sb‹oa^moSVeXl
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]

­

l d“acljª ‹…ª™‹…m…[{d“‹µa �pa^špY\ªnuwÉ³[~Yoecm`q~a{}™SVmwª Sb‹±Wp‹o[{z ac‹“mosp[–xka^Y\acd“[~m…[~Y\‹±ecg¥mosp[–q~a{}™SVmwª q~acl šŽ[

qtsZeX‹…[{l«g¶ecYimosZ[È‹…xŽ[{q~SV‘kq”a^xkxkybSbq~a^moSVeXl

]
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]¤­

l¦mosp[¬zZ[{‹\qvY\SVxpmoSVeXlk‹”ecg•mosZ[¬}^a^Y\SVeXWp‹¾yVe™qo½™SblZUÏ‹oª•‹…m…[{d±‹¾zkSb‹oq~Wp‹o‹o[{z¦Sbl¦mosZ[

lZ[v—™m›‹…[{qvmoSVeXlp‹œSVmœSb‹©ac‹o‹oWpd“[{zµmoska^m�mosZ[•g„Yo[{h•WZ[{lpqvª±zZ[{d“e•zpWkyba^m…ecY©S€‹�a �pa^špY\ªnuwÉ³[~Yoecm•q~a¯}•SVm¼ªµWplkyV[{‹o‹

ecmosZ[~Y\‰ŒSb‹…[”‹…moa^m…[{z

]

­

l•acyby•‹oª•‹…m…[{d±‹›mosZ[”d“SblkSbd°Wkd zp[~m…[{qvmoa^škyV[ �

Í

lZeXSb‹…[•mospa^mŸq~acl•šŽ[¥zZ[~m…[{qvm…[{z–š•ª¬mosZ[”zZ[{d•e™z™u

Wpy€a^m…ecYŒSb‹
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Sb‹œmosZ[°d“a^UXlpSVmoWpzp[iecgTmosZ[”lpeXSb‹…[¥ecg³mosZ[”g„Yo[{hjWp[{lpqvª¬zkSb‹oqvY\Sbd±Sblpa^m…ecYœaclpz

���ŸSb‹œmosZ[¡‹\yVecxŽ[iecg³mosZ[”g„Yo[{h•WZ[{lpqvª`zpSb‹oqvYtSbd“Sblpa^m…ecYœq~WZYo}c[

]
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a±Yo[~g¶[~Y\[{lpqv[”}^acybWZ[
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l•mosZ[¡q~ac‹…[¾ecg¢ybac‹…[~YŒ‹…moa^š’SbybSb‹oa^moSbeXl`mosZ[¡‹…ª™‹…m…[{d }˜acybWp[¥mospa^mŸSb‹ŒqveXlnm…YoeXy€yV[{z

Sb‹�mosZ[•ybac‹…[~Y©g¶Y\[{hjWZ[{lkqvª

]³­

mœSb‹�acy€‹…e¡xŽeX‹o‹oSbškyV[›m…eÈqveXlnm…YoeXy®mosZ[•ybac‹…[~YœSbljm…[{lp‹oSVm¼ª“Wp‹oSblpU¡a°qveXljm…YoeXyŽyVe•ecx´¿

sZeŠ‰�[~}c[~Y¬mospSb‹±Sb‹•lZecm±lZ[{qv[{‹\‹oa^Yoª|a^m“mosZ[•xkYo[{‹…[{ljm±‹…moa^Uc[–ecgieXWZY“[v—™xŽ[~Y\Sbd•[{ljm~¿œacyVmosZeXWZUXs Sbm“d“a{ª

šŽ[{qveXd•[¡lp[{qv[{‹o‹oa^Yoª¹Sbl`ecY\zp[~Y•m…e“xŽ[~Yog„ecY\d xpYo[{q~Sb‹o[•h•WpacljmoWpd yVecUXS€q•ecx®[~Yta^moSVeXlp‹

]

‡

sZ[”mw‰©e±š’ac‹oSbq•g„ecY\d“‹•ecg¢‹…ª™‹…m…[{d qveXlnm…YoeXy a^Yo[”ecxŽ[{l™uwyVe•ecx–aclpz–q~yVeX‹…[{z™uwyVe•ecxÏqveXljm…YoeXy ¿kecYŒg„[~[{z™u

g„ecYo‰œa^Y\z–aclpz•g¶[~[{zZš’acqo½•qveXljm…YoeXy´Yo[{‹ox®[{qvmoSb}c[{yVª

]²­

l¹ecxŽ[{l™uwyVe•ecx–qveXljm…YoeXy´mosZ[°eXWZm…xkWZm›ecgTmosZ[°‹…ª•‹om…[{d

Sb‹°lZecm°d“[{ac‹oWZYo[{z•¿³aclpz¦sp[{lpqv[±mosZ[µeXWZm…xkWZm°q~aclplZecm¡šŽ[±Wk‹…[{z‚m…e¤d•eXlpSVm…ecY¾sZe¯‰ q~yVeX‹…[{yVª¤mosZ[µeXWZm u

xkWpm•ecg¢mosZ[°‹oª•‹…m…[{d g„eXybyVe¯‰Ÿ‹•mosZ[¾zZ[{‹oSVYo[{z•š®[{ska{}™SVeXWZY

]œ­

l–q~yVeX‹…[{zZuwyVejecx«qveXlnm…Y\eXy mosZ[°eXWZm…xkWZmŒecg¢mosZ[

‹…ª™‹…m…[{d Sb‹•qveXd•x’a^Yo[{z•m…eµmosZ[”Yo[~g„[~Yo[{lpqv[¾SblZxkWZm~¿Zaclpz–mosZ[¡qveXljm…YoeXy xka^Y\acd•[~m…[~Y\‹Œecg¢mosZ[¡‹…ª™‹…m…[{d q~acl
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Wk‹…m…[{z±m…e•d“S€lpSbd“Sb‹o[•mosZ[•zpS¨§Ž[~Yo[{lpqv[iš®[~m¼‰�[~[{l`mosp[iacqvmoWpacyŽšŽ[{spa¯}•SbeXWZY©aclkzµmosp[izZ[{‹\SVYo[{z

šŽ[{spa¯}•SVeXWpY

]

‡

sZ[¥škac‹oSbq•g„ecY\d ecgTa“q~yVeX‹o[{z™uwyVe•ecx–qveXlnm…Y\eXy ‹…ª™‹…m…[{d Sb‹Œ‹osZe¯‰Ÿl¹Sbl �TSVUXWZYo[¡Ò
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‡

sZ[°sZ[{a^Y\mŒecg¢mosZ[°e¯}c[~Y\acybyT‹…ª™‹…m…[{d Sb‹Œa±xpYoe™qv[{‹o‹Ÿmospa^mŒxpY\e•zpWkqv[{‹Œ‹…eXd•[°eXWZm…xkWZm

]Ÿ‡
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zZ[{‹\SVYo[{z“}^acybWZ[

]¢‡

sp[Œ[~YoYoecYœ‹oSVUXlkacykSb‹²mosZ[{lµWk‹…[{z“m…eÈSbl&�kWp[{lpqv[•mosZ[ieXWZm…xkWZm²ecg´mosZ[ŒxkYoe•qv[{‹\‹²mosZY\eXWZUXs

Wp‹o[¬ecg•acl acqvmoWpa^m…ecY

] ‡

sZ[`xpYoe™qv[{‹o‹“SVmo‹…[{ybgŒSb‹•‹oWZš

�

[{qvmÈm…e¸zpSb‹omoWZYoškaclpqv[{‹¾mospa^m•g„ecY\qv[¹mosZ[¹eXWpm…xkWZm

a¯‰©a¯ªÏg„YoeXd mosZ[È‹…[~m u»xŽeXSblnmiY\aclpzpeXd“yVªc¿ŽS

]

[

]

mosZ[~Yo[ÈSb‹ŸlpeXSb‹…[¾xpYo[{‹…[{ljmiS€l•mosZ[•‹…ª™‹…m…[{d

]•­

lÏaczpzkSVmoSVeXl•¿

mosZ[~Y\[¾Sb‹ŸaclÏWklpa{}ceXSbzka^škyV[¡zZ[{y€a{ª•šŽ[~mw‰©[~[{l«d•[{ac‹oWZYo[{d“[{lnmiecg¢mosZ[¾eXWZm…xkWZmŸecg¢mosZ[°‹…ª™‹…m…[{d aclpz–mosZ[

qvecYoY\[{qvmoSVeXl«š®[{S€lZU±a^xpxky€SV[{z¹m…e¬mosZ[¾‹oª•‹…m…[{d

]Ÿ‡

spS€‹•zZ[{yba¯ª–Sb‹•gƒWplpzkacd•[{lnmoacy€yVª¬y€Sbd“SVm…[{z¹š•ª•[{yV[{qvm…YtSbq~acy

ecY¥ecxpmoS€q~acy³‹\SVUXlpacy xpYoecxka^UXa^moSVeXl«moSbd“[{‹ispe¯‰©[~}c[~Y”[{yV[{d•[{ljmo‹¥‹oWpqts«ac‹•acd•x’ybSV‘p[~Y\‹Ÿd“a{ªÏxpYoe™zpWpqv[Èacl

[v—™m…Y\a“zZ[{y€a{ª

]

­

l¹mosZ[”qveXljm…[v—™mŒecg¢ybac‹…[~Y›g„Yo[{h•WZ[{lpqvª`‹…moa^škSbybS€‹oa^moSVeXl¬mosZ[¥xpYoe™qv[{‹o‹•S€‹œmosZ[¡ybac‹…[~Y¯¿Z‰ŒspSbqts`xpYoe™zpWpqv[{‹

acl eXWZm…x’WZm`ecg°a ybac‹…[~Y¹šŽ[{acd ecg°‹…eXd“[‚moSbd•[«}˜a^Yoª™SblZUˆxkspac‹o[c¿Ÿg„Yo[{h•WZ[{lpqvª aclpz Sbljm…[{lp‹oSbmwª

]

�pecY

mosZ[«xkWZY\x®eX‹o[¹ecg”g¶Y\[{hjWZ[{lkqvª ‹omoa^škSbybSb‹\a^moSVeXl|mosZ[«eXWZm…xkWZm±}˜a^Y\S€a^škyV[–Sb‹µmosZ[«ybac‹…[~Y¬g¶Yo[{h•WZ[{lpqvª

] ‡

sZ[

‹…[{lk‹…ecYŸWp‹o[{z¹m…e±zZ[~m…[{qvmŸmosZ[”g„Yo[{hjWp[{lpqvª¹Sb‹•Wp‹oWkacybyVª±aclÏa^m…eXd“Sbq¥Yo[{‹oeXlpaclpqv[¡ecY!�pa^špYoªjuwÉ³[~YoecmŒ[~moacybeXl

Yo[{‹oeXlpaclpqv[c¿´ac‹•Sb‹izpSb‹oq~Wp‹\‹…[{z–Sbl«d•ecYo[ÈzZ[~moacSby³yba^m…[~Y¥SblÏmospSb‹iq\spa^xkm…[~Y

]¥‡

sZ[°zp[~m…[{qvm…ecY”xpYoe™zpWpqv[{‹iacl

[{yV[{qvm…YtSbq~acy™}ceXyVmoa^Uc[Œmoska^m£Sbl¾mosZ[›SbzZ[{acyZq~ac‹…[›}^a^Y\SV[{‹¢ybS€lZ[{a^Y\yVª”ac‹¢mosp[©g„Yo[{h•WZ[{lpqvª°ecg’mosZ[›ybac‹o[~Y£q\spaclZUc[{‹

]

‡

skSb‹¢}ceXyVmoa^Uc[•Sb‹£mosp[{l±qveXd•xka^Y\[{z±m…e°mosZ[Ÿ‹…[~m u»xŽeXSbljm£}ceXyVmoa^Uc[•m…e°xpYoe™zpWpqv[›mosZ[Ÿ[~YoYoecY�‹\SVUXlpacyZ}ceXyVmoa^Uc[

]

‡

sp[¾[~Y\YoecY”‹oSVUXlpacyTSb‹¥a^xkxkybSV[{zÏm…e¹mosZ[“acqvmoWpa^m…ecY°m…e¹špY\SblZU¬mosZ[•ybac‹…[~Y¥g„Yo[{h•WZ[{lpqvªÏm…e¹mosZ[“‹…[~m¥}^acybWZ[

]

‡

sp[ŒacqvmoWpa^m…ecY›qveXlp‹oSb‹omo‹¢ecg•a¡yVe•ecx“‘kyVm…[~Y¯¿jzpSb‹\q~Wp‹o‹…[{zÈgƒWZYomosZ[~Y²š®[{ybe¯‰”¿naclkz±acl“eXWpm…xkWZm¢mospa^m©qveXlnm…YoeXy€‹

mosZ[µybac‹…[~Y¡g„Yo[{h•WZ[{lpqvª¤‹oWpqts¦ac‹”mosp[±ybac‹…[~Y¡q~WpYoYo[{ljm”ecY¡mosZ[±}ceXyVmoa^Uc[¬a^xkxkybSV[{z«m…e–mosp[“xkSV[
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]
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‡

sp[•acSbd ecg•qveXlnm…YoeXypmosZ[~ecYoªÈSb‹Tm…e¡aclpacyVª™‹…[›mosZ[•‹oª•‹…m…[{d aclpz•sZ[{lpqv[•zp[{‹oSVUXl•acqvmoWpa^m…ecY\‹�m…e¡q~acWp‹o[›mosZ[

‹…ª™‹…m…[{d m…e±½c[~[~x«a^mŒmosZ[¾‹…[~m u»xŽeXSblnm

]œ‡

sZ[°‹oSbd•xkyb[{‹…m›aclpacyVª™‹oSb‹•ac‹o‹\Wpd•[{‹•moska^mŒmosZ[¡‹oª•‹…m…[{d Sb‹•y€SblZ[{a^Y{¿

‰ŒskSbq\s«Sb‹ia±Uce•e•z¤a^xpxkYoe{—ZSbd“a^moSVeXlÏ‰ŒsZ[{lÏmosZ[È‹…ª™‹…m…[{d Sb‹Ÿq~ybeX‹…[Èm…eµmosZ[È‹…[~m•xŽeXSbljm

]Ÿ­

l–moskSb‹ŒY\[~UXSbd•[

mosZ[•‹oª•‹…m…[{d q~acl|šŽ[¬Y\[~UXa^Y\zZ[{z|ac‹“a‚ybS€lZ[{a^Y•‹…ª•‹om…[{dfmospa^m•m…Y\aclp‹og¶ecY\d±‹ÈmosZ[¹SblZxkWZm¾moSbd•[`}^a^Yoª™SblZU

‹oSbUXlpacy
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]

‡

sp[“ac‹o‹oWpd•xkmoSVeXl¤ecg›‹…ª•‹om…[{d·ybSblZ[{a^YtSVmwª«acybyVe¯‰Ÿ‹¥mosZ[“xpY\ecškyV[{d m…e•šŽ[“‹oSbd“xkybSV‘p[{zÏWp‹oSblpU¬m…Ytaclp‹…g„ecY\d

d•[~mospe•zp‹•m…e“‘klpzpS€lZU°mosp[¡‹…eXybWZmoSbeXl`ecg³a“‹oª•‹…m…[{d ecgTqveXWpxkyV[{z¹acyVUc[~špYtacSbq•[{hjWka^moSVeXlp‹

]

‡
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¿ZSb‹²mosp[•qveXd“xkyV[v—±g„Yo[{h•WZ[{lpqvªc¿ZSb‹œWp‹oWpacy€yVª•Wp‹…[{z`Sbl¬aclpacyVª™‹oSblZU¾‹…ª•‹om…[{d

Yo[{‹ox®eXlk‹…[µ‹oS€lpqv[±d•eX‹…m¾xpYoecš’yV[{d“‹¡S€ln}ceXyV}c[`aclpacyVª™‹oSblpU•mosZ[±m…Ytaclp‹oSV[{ljm¡Yo[{‹ox®eXlk‹…[±ecg•mosp[µ‹…ª™‹…m…[{d m…e
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]|‡

sZ[ �ZeXWpY\SV[~Y•m…Y\aclp‹og¶ecY\dfS€‹•acyb‹…e¸Wp‹…[{z m…e aclpacyVª™‹…[`mosZ[

šŽ[{spa¯}•SVeXWpYŸecg²y€SblZ[{a^Y•‹…ª•‹om…[{d“‹~¿ŽškWZm•Sb‹id•ecYo[¾ecg¶m…[{l‚Wp‹o[{z«S€l•mosZ[•qveXljm…[v—•m¥ecg²‹\SVUXlpacy³aclpacyVª™‹oSb‹iaclpz

sZ[{lkqv[”‰ŒSbyby®lZecm•šŽ[”qveXlp‹\SbzZ[~Yo[{z¹sZ[~Y\[

]

‡

sZ[Èm…Y\aclp‹…g„[~Y•g„WplkqvmoSVeXl•¿��ˆ•��

†
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‹…ª™‹…m…[{d [{yV[{d•[{ljm

]

�ZecY�[v—Zacd•xkyb[c¿XmosZ[ŒzZ[~m…[{qvm…ecYœ[{yV[{d“[{lnm²S€l•a¡ybac‹…[~Y²g¶Yo[{h•WZ[{lpqvªÈ‹…moa^škS€ybSb‹oa^moSVeXl•‹o[~moWZx

‰ŒS€ybyŽspa{}c[¾aÈm…Y\aclp‹…g„[~Y•gƒWplpqvmoSVeXl`‰ŒSbmos¹WplpSVmo‹œecg
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‡
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mosZ[µ‹…[~m…moybSblZU`moSbd“[“a^g¶m…[~Y¾a•zpSb‹…moWpYoškaclpqv[

]•‡

sZ[•xŽeXyV[{‹•ecg©mosZ[“m…Ytaclp‹…g„[~Y”g„WklpqvmoSVeXl•¿´S

]

[

]

mosZ[•}˜acy€WZ[{‹
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Ð
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]

‡
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mosZ[¡Yo[{acy•xka^Yom›mosp[¡zpacd•xkS€lZU°Yta^m…[”ecgTmosZ[¡‹oSVUXlkacy

]
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]

[

]

zpSb‹…moWpYoškaclpqv[{‹ a^Yo[›zpacd•xŽ[{z¡[v—™xŽeXlZ[{ljmoSbacybyVª

]

‡

sp[“zpacd•xkSblpUµY\a^m…[µSblpqvYo[{ac‹…[{‹•mosp[•g„WZY\mosZ[~Y¥mosZ[•xŽeXyV[•Sb‹¥yVe™q~a^m…[{z¸g„YoeXd mosZ[•ecY\SbUXSbl•¿´sZeŠ‰�[~}c[~Y°mosZ[

xpY\[{‹…[{lpqv[¾ecg£zZ[{yba{ªÏSbl•mosZ[¾‹…ª™‹…m…[{d spac‹Œmosp[¡[v§Ž[{qvmiecg�d•e¯}™SblZUµmosZ[¡xŽeXyV[{‹Ÿg„WpYomosZ[~YŸS€l•mosZ[°x®eX‹\SVmoSV}c[
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]
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xkmoSbq~acy™Yo[~g„[~Yo[{lpqv[›q~a{}™SVmoSV[{‹£a^Y\[•Wp‹…[{zÈm…e”zZ[{d•e™zpWpy€a^m…[�mosZ[›g„Yo[{h•WZ[{lpqvª°ecg®a¥ybac‹o[~Y³šŽ[{acd ‹oeimoska^m¢mosZ[

g„Yo[{h•WZ[{lpqvª”ecg’mosZ[©y€ac‹…[~Y¢q~aclÈš®[©zZ[~m…[~Y\d“S€lZ[{z

]

�il¾ecxpmoSbq~acy•Yo[~g„[~Yo[{lpqv[›q~a{}™SVm¼ªc¿nYo[~g„[~Yo[{z¾m…e¥sZ[{lpqv[~g„ecYomos

ac‹©a”Yo[~g„[~Yo[{lpqv[iq~a{}™SVmwªc¿pqveXlk‹oSb‹…mo‹²ecg•mw‰©e¾d“SbYoYoecY\‹£‹o[~xka^Y\a^m…[{zµšjª•a¾zpSb‹…moaclpqv[
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]

� Yo[~g„[~Yo[{lpqv[Ÿq~a¯}•Sbmwª

acqvmo‹�ac‹£a¥ybSVUXsjm£‹…m…ecY\a^Uc[•[{yb[{d•[{lnm¢‰ŸsZ[{lÈmosZ[•Sblpq~S€zZ[{lnm¢ybac‹o[~Y£ybSVUXsjmTd±a^moq\sZ[{‹�a¥Yo[{‹…eXlpaclkqv[›g¶Yo[{h•WZ[{lpqvª

ecg£mosp[°q~a{}™SVm¼ª

]•‡

spa^mŸSb‹{¿’eXl«q~a{}™SVmwªÏYo[{‹…eXlpaclkqv[¾ybSbUXsnmŒS€‹ŸlZecmiYo[ �p[{qvm…[{z«g„YoeXd mosZ[°SblpxkWZmŒd“SbYoYoecY•ecg

mosZ[›q~a¯}•SVm¼ª•aclpzÈSb‹TSblp‹…m…[{acz¾m…Y\aclp‹\d“SVm…m…[{z•zpWZ[©m…e”Sbljm…[~Yog„[~Yo[{lpqv[œ‰ŒSVmos°mosZ[›ybSVUXsjm¢‹…m…ecYo[{z•Sbl°mosZ[›q~a{}™SVmwª

]

‡
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]
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]
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sp[{‹…[Œxka^Ytacd•[~m…[~Y\‹²a^Y\[ŸzZ[~m…[~Y\d±SblZ[{z
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‹oWpYog„acqv[)�ka^molZ[{‹o‹•S€lpsZeXd•ecUc[{lZ[{Sbmwª

]

‡
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xpY\[{‹…[{lpqv[Èecg²acSVY¥a^m•Yo[{zpWpqv[{z«xpY\[{‹o‹oWZYo[¾Sblp‹oS€zZ[”mosZ[¾}˜acq~WkWpd q~acl‚d•[{aclp‹imospa^m¥qveXln}c[{qvmoSbeXl¸zpWZ[¾m…e

m…[{d•xŽ[~Y\a^moWpYo[”q\spaclpUc[{‹Ÿq~acl•‹omoSbyby•q~acWp‹…[°q\spaclZUc[{‹ŸSbl`mosZ[”ecxkmoSbq~acy•xka^mos•yb[{lZUcmos

]

.

x®[~Yta^moSblZU‚mosZ[•Y\[~g¶[~Yo[{lkqv[–q~a{}™SVmwª|‰ŸSVmos acSVY±S€l mosZ[•}^acq~WpWpd q~acl acybyVe¯‰Ÿ‹•mosZ[–q~a¯}•SVm¼ª g„Y\SblZUc[

xŽeX‹oSVmoSbeXlp‹Èm…e¸šŽ[`}˜a^Y\Sb[{z|šjª acyVm…[~Y\S€lZU¤mosZ[•xpYo[{‹\‹oWZYo[¹Sblp‹\SbzZ[¬mosZ[–q~a{}™SVm¼ª

] ‡

spS€‹¾S€‹“acq~qveXd•xkybS€‹osZ[{z

š•ª‚qveXlplZ[{qvmoSblZUÏmosZ[±}^acq~WpWpd q~acl¦m…e«a•škacq\½•SblpU•xkWpd•x aclpz¸Yo[{zkWpq~SblZU¹mosZ[±xpYo[{‹o‹oWpYo[“Sblp‹oS€zZ[ÈmosZ[

}^acq~WpWpd q~acl•‹oybSbUXsnmoyVª

]³‡

sZ[©}˜acyb}c[œS€‹ mosZ[{lÈq~yVeX‹o[{z•aclpz¡mosp[©x’Wpd•xÈzpSb‹oqveXlplp[{qvm…[{z¡g„YoeXd mosZ[œ}˜acq~WkWpd

q~acl

]Ÿ­

g£a¬ybac‹…[~Y•Sb‹ŒmosZ[{lÏ‹\q~aclplZ[{zÏe¯}c[~Y”a±q~a¯}•Sbmwª–gƒWpyby ‹…xŽ[{qvm…Y\acy YtaclZUc[¡‰ŒskSbyV[”mosZ[°}˜acyb}c[¾Sb‹ŒecxŽ[{lZ[{z

a«‹od“acyby�acd•eXWpljm¡mosZ[`q~a{}™SVm¼ª¸g¶YtSblZUc[{‹¡a^Y\[µecšk‹o[~Yo}c[{z¦m…e¤zZY\Sbg¶m

]

 œybeX‹oSblZU¹mosZ[µ}˜acyb}c[¬a^UXacSblˆa^m¾mosZ[

a^xpxkYoecxpY\Sba^m…[”S€lp‹…moacljm›x®eX‹\SVmoSVeXlp‹©mosZ[”g„Y\SblpUc[{‹›Sbl`mosZ[”zZ[{‹oSbYo[{z¹yVe™q~a^moSVeXl

]

�pecYimoskSb‹Ÿq~a¯}•Sbmwª•mosZ[Èd“SVY\YoecY\‹›‰©[~Yo[ÈqveXa^m…[{z¤m…e¬spa¯}c[•a“Yo[ �p[{qvmoaclkqv[¾ecg

*^Ê��

Sbl–mosZ[¾g¶Yo[{h•WZ[{lpqvª

Y\aclpUc[{‹ŒÒ
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u

)XÊcÊ

lpd aclkz	�

,^Ê

u
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�

Ê

lkd¹¿’‹…eÈmospa^m›mosp[•q~a¯}•Sbmwª¹qveXWpybz¬šŽ[iWk‹…[{z¬g¶ecY•yVe™qo½™SblZU•acljª±ecg mosZ[

ybac‹o[~Y\‹¾mospa^m“a^Yo[`m…e‚šŽ[¬Wp‹o[{zˆS€l mosp[¬[v—™xŽ[~Y\Sbd•[{ljm

]¸‡

sZ[`‘klp[{‹o‹…[`qvecYoYo[{‹…xŽeXlpzpS€lZU–m…e¤mospSb‹Èd“SbYoYoecY

Yo[ �k[{qvmoaclpqv[«S€‹

*

¿•Sbd•xkyVª™SblZU«a¸g„Y\SblZUc[¹‰ŸSbzZmos ecg

6~ÊcÊXÍ–ÎŸÐc] ‡

spSb‹“g¶Y\S€lZUc[`‰ŒSbzZmos ‰œac‹µqtsZeX‹…[{l ‹…e

mospa^m¥mosp[“q~a{}™SVmwª¤qveXWpybz¤šŽ[•Wp‹…[{z«m…e¹xpYoeŠ}•S€zZ[•‹oSbzZ[¾ecg�g„Y\SblpUc[¾yVe™qo½™SblZU`g„ecY¥mosZ[

,�*�*

ybac‹…[~Y¥g„ecY”zpa^Yo½

Yo[{‹oeXlpaclpqv[•d•[{ac‹oWpYo[{d•[{ljmo‹

]ˆ‡

sZ[`Yo[{yba^moSV}c[{yVªˆyba^YoUc[`g„Y\SblZUc[¬‰ŒSbzZmos acybybe¯‰Œ‹ÈmosZ[¹yVe™qo½ˆxŽeXSbljm°m…e‚šŽ[

d•eŠ}c[{z¦WZx‚aclpz‚zpe¯‰Œl«mosZ[“‹oS€zZ[°ecg©mosZ[Èg„Y\SblZUc[Èm…e¹YoeXWZUXskyVª

� )XÊXÍÏÎŒÐ

g¶YoeXd mosp[ÈskacyVg²d“a˜—ZSbd¾Wpd

]

‡

sp[id“SbYoYoecY\‹�q~acl`š®[Ÿ[{ac‹oSbyVª±Yo[~xkybacqv[{zµ‰ŒSVmos¬spSVUXsZ[~Y©Yo[ �p[{qvmoSb}•SVm¼ª±d“SVY\YoecY\‹©SVg´aÈd•ecYo[•‹…[{lp‹oSVmoSb}c[ŸyVe™qo½

Sb‹•Yo[{hjWkSVYo[{z

] �

Sbzp[iecg³g„Y\SblZUc[¥yVe™qo½™SblZU“Sb‹›zkSb‹oq~Wp‹o‹o[{z¹Sbl`UcYo[{a^m…[~YŸzp[~moacSby´Sbl

�

[{qvmoSbeXl–Ò

]+)
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ÑŒ[~g¶[~Yo[{lkqv[Èq~a¯}•SbmoSV[{‹i‰�[~Yo[ÈxkWpY\q\spac‹o[{z–g„YoeXd mosZ[
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�

a^šŽecY\a^m…ecYoªˆ•
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g¶ecYig„Yo[vu

h•WZ[{lpqvª¹‹…moa^škS€ybSb‹oa^moSVeXl`ecg¢mosp[”ecmosZ[~Y•ybac‹…[~YŸ‹oª•‹…m…[{d±‹ŒSbl¹mosp[¡[v—™x®[~YtSbd“lZ[{ljm

]

 œWpYoYo[{ljmoyVª
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Yo[~g„[~Y…u

[{lpqv[°q~a{}™SVmoSV[{‹Œa^Y\[”šŽ[{SblZU•Wp‹…[{z`g„ecYŒ‹…moa^škS€ybSb‹oa^moSVeXl`ecg³mosZ[°Ò
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lpd aclpz
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lpd y€ac‹…[~Y\‹

]

‡

sZ[

 

É

�

q~a{}™SVmoSV[{‹³spa{}c[©aŒl•Wpd¡šŽ[~Y•ecgpaczZ}^acljmoa^Uc[{‹ eŠ}c[~Y mosp[�sZeXd•[�d“aczZ[²q~a¯}•SVm¼ª

]¢‡

sZ[²q~a¯}•SVmoSb[{‹

a^Yo[©d“acSbljmoacSblZ[{z”a^m³a›xpYo[{‹\‹oWZYo[¢ecg �

6~Ê

�

r

d �œa^Y³m…eŒ[{ybS€d“Sblpa^m…[TxpYo[{‹\‹oWZYo[¢[v§Ž[{qvmo‹

]¢‡

sZ[£m…[{d“x®[~Yta^moWZYo[

Sb‹¡‹…moa^škSbybS€‹…[{z¤m…e•‰ŒSVmoskSbl

�

d




m…e–[{ybSbd“Sblka^m…[•m…[{d•xŽ[~Y\a^moWZYo[•[v§Ž[{qvmo‹

]¹‡

sZ[“xkY\Sbd“a^Yoª«aczZ}^aclnmoa^Uc[¬Sb‹

mospa^m©eXlZ[Ÿecg´mosZ[Ÿq~a¯}•Sbmwªµd±SVYoYoecY\‹²Sb‹²d•eXWklnm…[{zµeXl±x’SV[

Ð

ej[{yb[{qvm…Y\Sbq•m…Ytaclp‹ozpWpqv[~Yt‹~¿jacybybe¯‰ŒSblpU”mosZ[Ÿq~a¯}•Sbmwª

Yo[{‹oeXlpaclpqv[•g„Yo[{hjWp[{lpqvª–m…e¹šŽ[•acyVm…[~Yo[{z¤š•ªÏa^xpx’yVª•S€lZUµa`}ceXyVmoa^Uc[±m…e¹mosZ[•xkSV[

Ð

e

]¾‡

spSb‹ixpYoeŠ}•S€zZ[{‹imosZ[

aczpzp[{z–aczZ}^aclnmoa^Uc[Èecg¢acybyVeŠ‰ŒSblZU“aµspSVUXsZ[~YŸ‘klZ[{‹o‹o[¡q~a{}™SVmwª¹m…e¬šŽ[¡Wp‹…[{z´¿kac‹Œmosp[¡q~a{}™SVmwªÏybSblZ[~‰ŒS€zZmos`Sb‹

lZe¾yVeXlZUc[~Yœa¡ybS€d“SVmoa^moSVeXl•eXl±mosZ[•ybac‹…[~Y�‹\q~acl±Y\aclpUc[Œ‰ŒsZ[{l±mosZ[Ÿy€ac‹…[~Y©S€‹²yVe™qo½c[{zµm…e°mosp[Ÿq~a{}™SVm¼ª“g¶YtSblZUc[

]

� ‹oqtsZ[{d“a^moSbq”ecg³mosp[
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Yo[~g„[~Yo[{lpqv[¡q~a¯}•Sbmwª•Sb‹›‹ospe¯‰Œl•S€l �³SbUXWZYo[¡Ò
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Mirror ROC 350mm

S-B Piezo

M-B Piezo

Spacer length 100mm

�³SbUXWZYo[¡Ò

]+) � �

qtsZ[{d“a^moSbq”ecg
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Yo[~g„[~Yo[{lpqv[¡q~a¯}•SVm¼ª

­

lpSVmoS€acybyVª¹mw‰©e•q~a{}™SVmoSV[{‹”‰ŒSVmos«g¶YtSblZUc[¾‰ŒSbzZmosp‹iecg©a^xpxpYoe¯—™Sbd±a^m…[{yVª
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Ò

ÍÏÎŒÐ

‰�[~Yo[•x’WZY\q\skac‹…[{z

]

�

gƒWZYomosZ[~Y¡mw‰©e«q~a¯}•SVmoSb[{‹¡‰ŒSbmos‚g¶YtSblZUc[“‰ŒS€zZmosp‹•ecg•a^xpxpY\e{—ZSbd“a^m…[{yVª¸Ò

ÍÏÎŒÐ

‰�[~Yo[µxkWZY\qtspac‹…[{z a^š®eXWpm¡a

ªc[{a^Yiyba^m…[~Y
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S€zZ[¡ecg£g„Y\SblpUc[°yVe™qo½™SblZU

9

Ò
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Sb‹imosZ[¾‹\Sbd•xkyV[{‹om•g¶ecYtd ecg�g¶Y\[{hjWZ[{lkqvª•‹…moa^škSbybS€‹oa^moSVeXl–S€lÏqveXd“d“eXl‚Wp‹…[

]

­

l‚mospSb‹¥d“[~mosZe•z¸mosZ[±ybac‹…[~Y¡g¶Yo[{h•WZ[{lpqvª«Sb‹¥xŽeX‹oSVmoSbeXlZ[{z¤spacyVg©‰©a¯ª¤Wpx‚mosZ[±‹oSbzp[¾ecg›a•q~a¯}•Sbmwª¤g¶YtSblZUc[

]

�ZY\[{hjWZ[{lkqvª �kWpqvmoWpa^moSVeXlk‹¢g¶Y\eXd mospSb‹¢xŽeXSbljm¢mosZ[{lµyV[{acz“m…e¡a°q\spaclpUc[ŸSbl•m…Ytaclp‹od“SVm…m…[{z±ybSVUXsjm£Sblnm…[{lk‹oSVmwª

mospa^mŸSb‹•a^xpxpY\e{—ZSbd“a^m…[{yVªµxpYoecxŽecYomoSVeXlpacyŽm…e±mosZ[¥g¶Y\[{hjWZ[{lkqvª¬qtspaclZUc[

]

­

l“mosp[ŸspSVUXs±‹…[~Yo}ce°ybejecxµUXacSbl±ybS€d“SVmTmosZ[ŒY\[{‹oSbzpWpacyZy€ac‹…[~Y²g„Yo[{h•WZ[{lpqvª•lZeXSb‹…[ŸSb‹£[{h•Wpacypm…e°mosZ[ŸlpeXSb‹…[

SblÏmosZ[Èg„Yo[{hjWp[{lpqvª–d•[{ac‹oWpYo[{d•[{ljm•a^xkxka^Y\a^moWp‹

9 º

�

;»]¥­

g£mosp[¾lZeXS€‹…[¾S€l–mosZ[Èg„Yo[{h•WZ[{lpqvª–d•[{ac‹\WZYo[{d•[{ljm

Sb‹¬‹…eXyV[~ª zpWZ[–m…eˆmosZ[¤‹osZecm`lZeXSb‹…[Ïecg”mosZ[¤Sblpq~Sbzp[{lnm±y€ac‹…[~YµšŽ[{acd¹¿ŒmosZ[«‹\sZecmµlZeXS€‹…[«y€Sbd“SVm…[{z y€ac‹…[~Y

ybS€lZ[~‰ŒSbzZmos´¿ ��� �{¿pSb‹•UXSV}c[{l¹š•ª
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‰Œsp[~Yo[
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q~a{}

Sb‹©mosZ[¥q~a{}™SVmwª �

) ÎiÍ

ybSblZ[~‰ŸSbzZmos•¿

�

Sb‹©mosZ[¥škaclpzp‰ŒSbzZmos±ecg mosZ[¥zZ[~m…[{qvmoSVeXl´¿

�

Sb‹©mosZ[

ybac‹o[~Y³xŽeŠ‰�[~Y{¿

�

Sb‹ mosZ[œg¶Y\acqvmoSbeXl°ecgkmosZ[›ybac‹…[~YTxŽe¯‰©[~YTS€lpq~SbzZ[{ljm eXl¾mosZ[›q~a{}™SVm¼ªc¿

�

Sb‹ mosZ[œm…Y\aclp‹od“S€‹o‹oSVeXl

ecgTmosZ[”q~a¯}•SVm¼ª¹eXl¹Yo[{‹…eXlkaclpqv[¡aclpz

�

Sb‹œmosp[¡hjWkaclnmoWpd [
	µq~SV[{lpqvª`ecg mosp[¡zZ[~m…[{qvm…ecY

]

‡

sZ[¡[v—™xŽ[~Y\Sbd•[{ljmoacy ‹…[~moWpxÏg„ecYŸmoskSb‹Ÿd“[~mosZe•z«Sb‹Ÿ‹oSbd•xkyb[c¿kqveXlp‹oSb‹omoSblZU“ecg£eXlkyVª`mosZ[ �ka^špYoªjuwÉ [~Y\ecm

q~a¯}•SVm¼ª•aclpz•a•xksZecm…e™zZ[~m…[{qvm…ecY²m…e”d“[{ac‹oWZYo[›mosZ[›m…Ytaclp‹od“SVm…m…[{z•y€SVUXsnmTSbljm…[{lp‹oSVm¼ª

]

� d•ecY\[©xkYo[{q~Sb‹…[›yVe™qo½

q~aclµšŽ[•ecšpmoacSblZ[{z“šjª“Wp‹\SblZU”acl±aczkzpSVmoSVeXlpacy™x’sZecm…e•zkSVe•zp[›m…e°d•[{ac‹oWpYo[•mosZ[iSblpq~SbzZ[{ljm£ybSVUXsjm£Sbljm…[{lp‹oSVm¼ªc¿

‹…e«mospa^mÈacd•xkybSbmoWpzZ[“lZeXSb‹o[µSbl¦mosZ[¬y€ac‹…[~Y°zpSbe•zZ[µq~acl šŽ[µ[{ybSbd“Sblka^m…[{z‚šjª‚moa^½™SblZU«mosZ[µY\a^moSVe«ecg›mosZ[

m¼‰�eÈxksZecm…e™zZ[~m…[{qvm…ecY›‹oSVUXlkacyb‹

]TÎ

eŠ‰�[~}c[~Y›mosZ[iacd•xkybSbmoWpzZ[•‹…moa^škS€ybSVmwªÈecg´zpSbe•zZ[Ÿybac‹…[~Y\‹�Sb‹²spSbUXs±aclpz±mosZ[

xkspecm…e•zZ[~m…[{qvm…ecYŒeXlµmosp[iSblkq~SbzZ[{ljm²šŽ[{acd q~acl`š®[ilZ[~UXyV[{qvm…[{z¹SVg mosZ[ŸY\[{hjWpSbYo[{z±g„Yo[{h•WZ[{lpqvª“‹…moa^š’SbybSVm¼ª“Sb‹

lZecmŒm…eje±skSVUXs

]

‡

sZ[¾ybe•q\½–xŽeXSbljmŒecg£mosZ[È[~YoY\ecY•‹\SVUXlpacy³q~aclÏšŽ[Èd•e¯}c[{z‚a¯‰©a¯ª¤g¶YoeXd mosZ[¾g„Y\SblZUc[¾spacyVg²d“a˜—ZSbd¾Wpd

š•ª–a^xpxkybª•SblpU±acl«e^§Ž‹…[~m

]¥‡

skSb‹Ÿacy€yVe¯‰Œ‹ŸmosZ[Èybac‹…[~Y•m…e¬š®[È‹oq~aclplp[{z–eŠ}c[~Y¡a±YtaclZUc[°Y\eXWZUXspyVª¹[{h•Wpacy³m…e

mosZ[¬ybSblZ[~‰ŸSbzZmos«ecg›mosZ[µq~a¯}•Sbmwª

]–Î

[{lpqv[µaÏyVe¯‰ ‘klZ[{‹o‹o[±q~a{}™SVmwª acybyVe¯‰Ÿ‹¡a–y€a^YoUc[~Y°‹oq~acl Y\aclZUc[µm…e–šŽ[

ecšpmoacS€lZ[{z•¿pa^m•mosZ[¡[v—•xŽ[{lp‹…[¥ecg³xŽejecY\[~Y•g¶Y\[{hjWZ[{lkqvª¬zZ[{d“e•zpWkyba^moSVeXl`aclpz•a•yVe•eX‹…[~YŒybe•q\½
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sZ[ÈmoSVUXsnmolp[{‹o‹•ecg²mosZ[•yVe™qo½«Sb‹•zZ[~xŽ[{lpzZ[{ljmŸeXl¤mosp[“q~a{}™SVmwª«g¶YtSblZUc[ÈybSblZ[~‰ŒS€zZmos

]

� spSVUXs«‘klp[{‹o‹…[

q~a¯}•SVm¼ª•spac‹•a•lpa^Y\Yoe¯‰ y€SblZ[~‰ŒSbzpmosµaclpz¹sp[{lpqv[”mosZ[”‹oybecx®[•ecg³mosZ[”m…Y\aclk‹od“Sb‹o‹\SVeXl`q~WZYo}c[”a^mŒspacybg d“a˜—•u

Sbd¾Wpd·S€‹¡spSVUXs´¿ yV[{aczpS€lZU¹m…eÏa–moSVUXsnm¾yVe™qo½‚Sbl¸mosp[±ybac‹…[~Y°g¶Yo[{h•WZ[{lpqvª

]

� yba^Y\Uc[“xpYoecškyb[{d ‰ŒSVmos ‹oSbzZ[

ecg”g„Y\SblpUc[–yVe™qo½™SblZU S€‹“mospa^m¬m…Y\aclp‹oSb[{lnmµg¶Yo[{h•WZ[{lpqvª|[v—Zq~WZY\‹\SVeXlp‹“ecg¡UcYo[{a^m…[~Y`mospacl skacyVg¥mosZ[Ïq~a¯}•Sbmwª

ybS€lZ[~‰ŒSbzZmos°‰ŒSby€y•q~acWk‹…[•mosZ[•ybac‹o[~Y£g¶Y\[{hjWZ[{lkqvª°m…e¡d“e¯}c[ŒeŠ}c[~Y�mosp[›g¶Y\S€lZUc[•aclpz“yVe™qo½¾m…e”mosZ[ŸlZ[v—•m£q~a¯}•Sbmwª

d•e™zZ[

]

� d•ecYo[¥‹oWZšpmoyb[•xpYoecškyb[{d ‰ŒSbmos±‹oSbzp[Œecg´g„Y\SblZUc[iyVe™qo½™SblZU¾‰ŒSVmos±skSVUXs±‘’lZ[{‹o‹…[iq~a{}™SVmoSV[{‹›Sb‹�mospa^m©mosZ[

ybSbUXsnm°m…Y\aclp‹od“Sbm…m…[{z¸mosZYoeXWpUXs¦mosZ[¬q~a{}™SVmwªˆSb‹¡lpecm¡mosZ[`ybSVUXsjm”mospa^mÈSb‹¡S€lpq~SbzZ[{ljm”eXl mosZ[¬q~a¯}•Sbmwª¦a^mÈa

UXSV}c[{l¤d•eXd“[{lnm•Sbl•moS€d•[

]

ÑŸa^mosZ[~Y{¿ŽmosZ[¡m…Ytaclp‹od“SVm…m…[{z«ybSVUXsjmŸqveXlk‹oSb‹…mo‹Ÿecg²qveXljm…Y\SVškWZmoSbeXlp‹•g„YoeXd moSbd•[

zZ[{y€a{ªc[{z‚ybSVUXsjmŒmoska^mi‰œac‹¥Sblpq~S€zZ[{lnmŸeXl«mosZ[¾q~a¯}•Sbmwª«xpYo[~}™SVeXWp‹oyVª

]•‡

sZ[¾zZ[{q~a{ª«moSbd•[¾g„ecY•y€SVUXsnmiSblÏmosZ[

q~a¯}•SVm¼ª¬S€‹²mosZ[¥Sblj}c[~Y\‹…[iecg mosp[iybS€lZ[~‰ŒSbzZmos“ecg mosZ[¥q~a{}™SVm¼ª

]²Î

[{lkqv[¥mosZ[Ÿ[~Y\YoecY›‹oSVUXlpacy’ecšpmoacSblZ[{z¬g„YoeXd a

‹oS€zZ[•ecg•g„Y\SblZUc[•yVe™qo½•m…e¾a¡spSbUXs“‘klZ[{‹\‹…[Œq~a{}™SVm¼ª±Sb‹£Sblk‹…[{lp‹oSVmoSb}c[›m…e¾d•eŠ}c[{d•[{ljm�ecg•mosZ[iybac‹…[~Y�g¶Yo[{h•WZ[{lpqvª

mospa^m›e™q~q~WZY\‹›a^m•aÈgƒac‹…m…[~Y›Y\a^m…[¥moskacl`mosZ[”ybSblZ[~‰ŸSbzZmos•ecg³mosZ[¥q~a{}™SVmwª

9

Ò

*_;»]¢­

m•Sb‹©mosZ[~Y\[~g¶ecYo[”zkS 	±q~WpyVm�m…e

Wp‹o[”‹oSbzZ[¥ecg³g¶YtSblZUc[¥yVe™qo½™SblZU•g„ecYŒybac‹…[~YŒy€SblZ[~‰ŒSbzpmosµlpa^Y\Yoe¯‰ŒS€lZU

]

�œmixpYo[{‹o[{lnmi‹oSbzZ[”ecg¢g„Y\SblpUc[”yVe•q\½•S€lZUµSb‹ŒWp‹…[{z•m…e`yVe™qo½¹mosZ[ÈÒ

7

�˜lpd¹¿

,�*�*

lpd aclpz

,��^Ê

lpd ybac‹o[~Y\‹

]

‡

sp[`q~a¯}•Sbmwª|Wp‹…[{zˆm…e¸yVe™qo½ mosZ[–Ò

7

�¤d“ac‹…m…[~Y“y€ac‹…[~Y“spac‹•a¤‘klZ[{‹\‹…[`ecg

)XÊ

aclpz|a¤g„Y\SblZUc[¬‰ŒSbzpmos¦ecg

7��cÍÏÎŒÐ

¿Ž‹…[~[

�

[{qvmoSVeXl–Ò

]

Ò

]

Ò•¿ŽacybyVeŠ‰ŒSblZU•mosZ[°ybac‹…[~YŒm…e±š®[”‹\q~aclplZ[{z•eŠ}c[~YŸmosp[”m…Y\aclp‹oSbmoSVeXl¹g„ecYŒqvejeXy€SblZU

aclpz•[{yV[{qvm…Yoe™zZ[¡qveXd•xŽ[{lp‹oa^moSbeXl¹‹oq~aclp‹

]

Â1��� , $�� �ÈÇ�� � &/2���25&�������� � � $10

�

+���8

�il”acyVm…[~Y\lka^moSV}c[£g„Yo[{hjWp[{lpqvªi‹omoa^škSbybSb‹\a^moSVeXlim…[{q\splpS€hjWZ[£S€‹ŽmosZ[£É³eXWplpz™u

_

Yo[~}c[~Y…u

Î

acyby®•ƒÉ

_•Î•†

d•[~mosZe™z

9

Ò

* ;»]

‡

sp[”É

_•Î

m…[{q\splpS€hjWZ[”S€‹›Wp‹…[{z¹m…e±ybe•q\½µmosZ[°ybac‹…[~Y•m…e±a“Yo[{‹…eXlpaclpqv[¡ecg³acl¹ecxkmoSbq~acy•Yo[~g„[~Yo[{lpqv[¡q~a¯}•Sbmwª

Wp‹\SblZU•mosZ[•Yo[ �k[{qvm…[{z±ybSVUXsjm

]

�Ÿ‹�a¥Yo[{‹oWpybm³mosp[Œd•[{ac‹oWZY\[{d•[{lnm²ecg’mosZ[Ÿybac‹…[~Y

�

‹¢g„Yo[{h•WZ[{lpqvªÈSb‹£zZ[{qveXWpxkyV[{z

g„YoeXd SVmo‹ŒSblnm…[{lk‹oSVmwª

]£‡

sZ[¥Yo[{‹…xŽeXlp‹…[•moSbd“[¥ecg³mosp[”‹…ª•‹om…[{d Sb‹›lZecmŸybSbd“SVm…[{z¬š•ªµmosp[”q~a{}™SVmwª•ybS€lZ[~‰ŒSbzZmos

‹oS€lpqv[¥mosZ[”Yo[ �k[{qvmoSVeXl•d•e™zZ[¥ecg³mosZ[¡q~a{}™SVm¼ª`S€‹•Wp‹…[{z

9

Ò/�

;»]

‡

spSb‹•m…[{q\sklpSbh•WZ[“Sblj}ceXyV}c[{‹¡Wp‹o[•ecgœa`g„Yo[{h•WZ[{lpqvª¤d•e™zpWpyba^m…[{z‚ybac‹o[~Y”šŽ[{acd Sblpq~S€zZ[{lnm•eXl¸a–spSVUXs

‘klp[{‹o‹…[iecxpmoSbq~acy’Yo[~g¶[~Y\[{lpqv[iq~a¯}•Sbmwª

]�‡

sZ[Œg„Yo[{h•WZ[{lpqvª±d•e™zpWpy€a^moSVeXl±a^m©g¶Y\[{hjWZ[{lkqvª �
�

xpYoe™zpWpqv[{‹²‹\SbzZ[vu

škaclkzp‹Ÿa^m �
�

�

�
�

¿Ž‰Œsp[~Yo[ �
�

Sb‹ŸmosZ[•q~a^YoY\SV[~Y•ybac‹…[~Y•g„Yo[{h•WZ[{lpqvª

]”‡

sZ[È‹oSbzp[~škaclpzp‹Ÿa^Yo[

6 ,^Ê/�

eXWpmŸecg

xkskac‹…[¥‰ŒSVmos`[{acqts–ecmosZ[~Y

]²‡

sZ[”Sblkq~SbzZ[{ljm©‘k[{ybz`eXl¹mosZ[”q~a¯}•SVm¼ª•Sb‹›mosZ[{l

)
�

� �

d )

,

�

�
���
	

�

.���
����

���

�
!

�

)

,

9��

,

•

�

†(f|º

�

�
i

•

�

†

‹oSbl

�

�



; �

�
�

	

�

d )

,

���

,

•

�

†pf��
i

•

�

†��

�
���

�

�

�
i

•

�

†��

�

�
���

���

�

�
�
	

�

• Ò

] 6~Ên†

‰Œsp[~Yo[

�

Sb‹imosZ[•d•e•zkWpyba^moSVeXl«SblpzZ[v—–aclkz¤mosZ[

�2�

a^Yo[•mosZ[ �©[{‹o‹…[{yTgƒWplpqvmoSbeXlp‹iecg²ecY\zZ[~Y

�

]

�ZecY¡yVeŠ‰

d•e™zpWpy€a^moSVeXl¹SblpzZ[v—Ž¿

���

6

¿

�

,

•

�

†

�

6

¿

�

�

i

•

�

†

�

�

�

�^º•]

‡

sZ[²qveXd•xkyb[v—•Y\[ �p[{qvmoSVeXl¡qve•[
	±q~SV[{ljm ecg™mosZ[²Yo[~g¶[~Y\[{lpqv[�q~a¯}•SVm¼ªc¿ �±•��

†

¿^S€‹´UXSV}c[{l¡šjª

�

h•Wpa^moSVeXl°Ò

]

�j¿

Yo[~xkYoe•zkWpqv[{z¹sZ[~Yo[¥g„ecYŒqveXlj}c[{lpSV[{lpqv[

�

�±•��

†Ed

�

�

6

�

[v—•x

�

�

�

�

���

�����

� �

6

�

�

l

[v—•x

�

�

�

�

���

�����

�

‰Œsp[~Yo[ �¾Sb‹›mosZ[¡zp[~moWplpSblZUÈg„YoeXd q~a¯}•SVm¼ª`Yo[{‹…eXlpaclpqv[c¿

���

�����

Sb‹œmosp[¡q~a{}™SVmwª•y€SblZ[~‰ŒSbzpmosµaclpz �ÈS€‹œmosZ[

acd•x’ybSVmoWpzZ[•Yo[ �k[{qvmoSVeXl•qve•[
	±q~SV[{ljm•ecg mosp[¡q~a{}™SVmwª•d±SVYoYoecY\‹¥•ƒac‹o‹\Wpd•[{z¹[{h•Wpacy

†t]



�

�����

�����

�

���

�


 �����-� ��� �#����� � 
 �

���


 �!
 


�

�-
 � �

Ò/�

‡

sZ[²É³eXWplpz™u

_

Yo[~}c[~You

Î

acybyn[~YoYoecY³‹oSVUXlpacyXS€‹•ecšpmoacSblZ[{z¡‰ŒsZ[{l¥mosp[²d•e™zpWpyba^moSVeXl•g„Yo[{h•WZ[{lpqvª¥Sb‹´d¾Wpqts

yba^Y\Uc[~Y›mospacl`mosZ[¥q~a{}™SVmwª¹ybS€lZ[~‰ŒSbzZmos´¿n‹…eÈmospa^m›eXlpyVª±eXlZ[•ecg mosZ[•mosZY\[~[•qveXd“x®eXlp[{lnmo‹œecg³mosZ[¥Sblpq~Sbzp[{lnm

‘p[{y€z¹Sb‹œYo[{‹…eXlpacljm›‰ŒSVmos`mosp[”q~a{}™SVmwª

]œ‡

sZ[•ecmosZ[~YŸmw‰©e±qveXd•xŽeXlZ[{ljmo‹•a^Yo[¥m…e±a•Uce•e™z•a^xpxpYoe¯—™S€d“a^moSVeXl

xŽ[~Yog„[{qvmoyVª«Yo[ �p[{qvm…[{z g¶YoeXd mosZ[“Yo[~g„[~Yo[{lpqv[¬q~a{}™SVmwªc¿¢S

]

[

]

‰ŒSVmos¦lZe–yVeX‹o‹”ecg•acd•xkybSVmoWkzZ[•aclpz¸a•x’spac‹…[

‹oskSVg¶miecg

&T]¾­

g²mosp[Èq~a^Y\Y\SV[~Y”qveXd•xŽeXlZ[{ljm¥ecg�mosp[“Sblpq~SbzZ[{ljmi‘p[{ybz¤Sb‹•Yo[{‹…eXlkaclnm¥‰ŒSbmosÏmosp[“q~a{}™SVmwªc¿ mosZ[

Yo[ �k[{qvm…[{z•‘p[{ybz¹S€‹

)

� �

�

d )

,

�

�±•��

† �

,

•

�

†

�

�µ•��

f

�

� † � i

•

�

†��

� �
�

�

f

�±•��

�

�

� † � i

•

�

†��

�

� ���

� �

�

� �
	

�

• Ò

] 606¯†

‰Œsp[~Yo[ �¾Sb‹›mosZ[”zZ[~moWklpSblZUÈecgTmosZ[”q~a^YoY\Sb[~Y•g¶Y\eXd Yo[{‹…eXlpaclkqv[”‰ŒSVmos`mosZ[”q~a¯}•Sbmwª

]

‡

sZ[•‹oSVUXlpacy™g„YoeXd mosp[•Yo[ �p[{qvm…[{z•šŽ[{acd d“[{ac‹oWZYo[{z•eXl±a¥xksZecm…e™zpSVe™zZ[›Sb‹TmosZ[•xŽeŠ‰�[~Y{¿jS

]

[

]��

� �

�

d

�

)

���

�

�

l

¿pUXSV}c[{l•šjª

9

Ò/�

;

�

� �

�

d � �

�

�±•��

†

�

l

f �

�¯•

�

�±•��

f

�

�

�

l

f

�

�µ•��

�

�

�

�

l

† f

º�� � � �

���¯Ñ•[

9

�±•��

†

���j•��

f

�

� †

�

���^•��

†

�±•��

�

�

� †@;

qveX‹Š•

�

� 


† f

­

d

9

�±•��

†

�

�

•��

f

�

� †

�

�

�

•��

†

�±•��

�

�

� †@;

‹\Sbl´•

�

� 


†	�cf

•

º

�

� m…[~Y\d±‹

†

• Ò

] 6{ºX†

‰Œsp[~Yo[

�
�

S€‹›mosZ[¥xŽe¯‰©[~YŸa^m•mosp[¡q~a^YoY\SV[~Y›g„Yo[{h•WZ[{lpqvª`aclpz

�

�•Sb‹•mosZ[¥xŽe¯‰©[~YŸSbl`[{acqts–‹oSbzp[~škaclpz

]

­

m•q~acl•šŽ[¥‹…[~[{l¹moska^m›mosZ[”‹oSVUXlpacy•qveXlk‹oSb‹…mo‹œecgTa

_

  qveXd•xŽeXlZ[{ljm•d“acSblpybª±zpWZ[•m…e“mosZ[¥moS€d•[¥a{}ju

[~Y\a^Uc[{z–Sblnm…[{lk‹oSVmwª•ecg mosZ[¥q~a^YoY\SV[~Y›qveXd•xŽeXlZ[{ljm~¿Zaclpz`aÈqveXd•xŽeXlZ[{lnm›a^mœmosZ[¥d•e™zpWpyba^moSbeXl“g„Yo[{hjWp[{lpqvª

]

Í

S¨—ZSblZU”mosZ[ixksZecm…e™zpSVe™zZ[Œ‹\SVUXlpacyp‰ŸSVmos“mosZ[•yVe™q~acykeX‹\q~Sbybyba^m…ecYœzZ[{d•e™zpWpyba^m…[{‹²mosZ[•‹oSVUXlpacy’a^m�mosZ[•d•e™z™u

Wpy€a^moSVeXl•g„Yo[{hjWp[{lpqvª°m…e

_

 

]X­

l“xpY\S€lpq~SVxkyV[©a¡yVeŠ‰ xkac‹\‹¢‘kyVm…[~Y²S€‹¢Yo[{h•WpSVYo[{zÈm…e°[{ybSbd“Sblka^m…[›mosZ[Œ‹oSVUXlkacypa^m

m¼‰ŒSbqv[”mosZ[°d•e•zkWpyba^moSVeXl¬g„Yo[{hjWp[{lpqvªµxkYoe•zkWpqv[{z`šjª`mosZ[”d±S¨—•[~Y¯¿psZe¯‰©[~}c[~YiS€l`xpY\acqvmoSbqv[”mosp[”g¶[~[{zpškacqo½

[{yV[{qvm…Y\eXlpSbq~‹“a^g„m…[~Y±mosZ[•d±S¨—•[~Y“ska{}c[Ïa‚skSVUXs g¶Y\[{hjWZ[{lkqvª q~WZm…e^§ šŽ[{yVe¯‰ mospSb‹Èg„Yo[{hjWp[{lpqvª aclpz ‹…e¸a

‹…[~x’a^Y\a^m…[•‘kyVm…[~YœSb‹�lpecm�Yo[{h•WpSVY\[{z

]³‡

sZ[Œxkskac‹…[Œecg´mosp[iyVe™q~acy’eX‹oq~Sbybyba^m…ecY›‹oSbUXlpacykzZ[~m…[~Ytd“SblZ[{‹�‰ŒspSbqts“ecg

mosZ[¡mw‰©eµqveXd•xŽeXlZ[{ljmo‹•a^m•mosZ[°d•e•zkWpyba^moSVeXl¬g„Yo[{hjWp[{lpqvª¬S€‹›d•[{ac‹oWZYo[{z

]

� d“a

�

ecY›aczZ}^acljmoa^Uc[¥ecg´mosZ[¥É

_•Î

yVe™qo½™SblZU¾d•[~mosZe™zµS€‹²mospa^mœš•ª±Wp‹oS€lZU”mosZ[ixksZecm…e™zpSVe™zZ[Ÿ‹\SVUXlpacy

xpY\[{‹…[{lnm a^m mosZ[²d“e•zpWkyba^moSVeXl•g„Yo[{hjWp[{lpqvª•mosZ[²d“a

�

ecY ‹…eXWpY\qv[{‹´ecgZ[v—™xŽ[~Y\Sbd•[{ljmoacyclZeXSb‹…[�a^Yo[£[{ybSbd±Sblpa^m…[{z

zpWp[¾m…e¹mosp[

6��

�ˆY\eXybyVe^§¦‰ŒSbmosÏg„Yo[{h•WZ[{lpqvª

9 º

�

;»]¡­

m¥Sb‹¥sZ[{lpqv[ÈxŽeX‹o‹oSbškyV[¡m…e•acqtspSV[~}c[“a¹d•[{ac‹\WZYo[{d•[{ljm

ecgTmosZ[”g„Yo[{h•WZ[{lpqvª¬ecgTmosZ[¡ybac‹…[~YŸmospa^mŒSb‹ŒybSbd“SVm…[{z¬š•ª`mosZ[¡‹osZecmŸlZeXSb‹…[¥ecgTmosZ[¡q~a^Y\Y\SV[~YŒqveXd•xŽeXlZ[{ljm•ecg

mosZ[°ybac‹…[~Y

]

Í

ecYo[©Sbd•xŽecYomoacljmoyVªc¿Š‹oS€lpqv[¢mosZ[£[~YoY\ecY ‹oSVUXlkacyXqveXlnmoacS€lp‹ Sblpg¶ecY\d±a^moSVeXl•ecg™š®ecmos”mosZ[²Sbljm…[~Y\lpacyXq~a¯}•Sbmwª

‘p[{y€z¸aclpz‚mosZ[¬ybSVUXsjm”zpSVYo[{qvmoybª«Sblkq~SbzZ[{ljm¥eXl¸mosZ[±q~a¯}•Sbmwªc¿¢mosZ[“š’aclpzZ‰ŒSbzpmosÏecg›mosp[±q~a{}™SVmwª‚Y\[{‹…xŽeXlp‹…[

Sb‹ilZecm¥ybSbd±SVm…[{z¹š•ª•mosZ[ÈybSblZ[~‰ŒS€zZmos¹ecg£mosZ[Èq~a{}™SVm¼ª

]¡‡

spa^m•Sb‹~¿®SVg¢mosZ[Èg¶Y\[{hjWZ[{lkqvª¹ecg£mosZ[•ybac‹…[~Yi}˜a^YtSV[{‹

gƒac‹…m…[~Y²moskacl•mosZ[ŒybS€lZ[~‰ŒSbzZmos¡ecgŽmosZ[Œq~a{}™SVm¼ª¾mosp[Œq~a{}™SVmwª•acqvmo‹©ac‹£a”ybSbUXsnm¢‹…m…ecY\a^Uc[Ÿ[{yV[{d•[{ljm²qveXd•xka^YtSblZU

mosZ[›x’spac‹…[œecg’mosp[œS€lpqveXd“SblZU¥ybSbUXsnm³m…e”mosZ[œxkspac‹o[©ecg®mosZ[•‹…m…ecY\[{z•ybSVUXsjm

]³‡

skSb‹TacybyVe¯‰Ÿ‹Txkspac‹…[›‹…[{lp‹\SVmoSV}c[

zZ[~m…[{qvmoSbeXl•ecgTmosZ[”Sblpq~S€zZ[{lnm›ybSbUXsnm

9

Ò

* ;»]

‡

sZ[¬‹\spa^xŽ[±ecg•mosZ[¬Sbd“a^UXSblka^Yoª‚xka^Yom¾ecg›mosZ[¬xksZecm…e™zpSVe™zZ[µ‹oSbUXlpacy²spac‹ÈaÏg¶ecYtd mospa^mÈSb‹¾Wp‹…[~gƒWpy

g„ecY¡ybac‹…[~Y¡g¶Yo[{h•WZ[{lpqvª«‹…moa^škSby€Sb‹oa^moSVeXl«xkWZY\x®eX‹o[{‹

]

�il¤[v—Zacd•xkyV[•mosZ[~ecY\[~moSbq~acy²ybS€lZ[{‹ospa^xŽ[°S€‹¥‹osZe¯‰Ÿl¸Sbl

�TSVUXWZY\[`Ò

]��

¿©g¶ecY•a¤q~a{}™SVm¼ªˆybS€lZ[~‰ŒSbzZmos¦ecgŸÒ

ÍÏÎŒÐ

¿œq~a{}™SVmwªˆg„Yo[~[¹‹…xŽ[{qvm…Y\acy©Y\aclZUc[`ecg

6 �^ÊcÊXÍÏÎŒÐ

aclpz

d•e™zpWpy€a^moSVeXl`g¶Y\[{hjWZ[{lkqvª

�^ÊXÍÏÎŒÐc]

­

m“q~acl|šŽ[`‹…[~[{l|mospa^m•mosZ[¹[~Y\YoecY“‹oSVUXlpacyœSb‹ÈybS€lZ[{a^Y•SblˆmosZ[¹Yo[~UXSVeXl [{lpqveXd“xkac‹o‹oSblpU«mosp[`q~a¯}•Sbmwª

Yo[{‹oeXlpaclpqv[¡WZx¹m…eµspacyVg mosp[”q~a{}™SVmwª¹ybSblp[~‰ŒSbzZmosµeXl¹[{SVmosZ[~Y•‹\SbzZ[

]£Î

[{lpqv[¡Sbl¬mospSb‹œY\[~UXSVeXl¹mosZ[”‹oybecx®[•ecg

mosZ[È[~YoY\ecY•‹\SVUXlpacy³q~acl¤š®[ÈWp‹…[{z«m…e¹zZ[{d•e™zpWpy€a^m…[°mosZ[•ybac‹o[~Yig„Yo[{h•WZ[{lpqvª•m…e`[{lpa^š’yV[¾‹omoa^škSbybSb‹\a^moSVeXl•ecg

mosZ[iybac‹…[~Y�g¶Yo[{h•WZ[{lpqvª•š•ª•a”g„[~[{zZškacq\½±yVe•ecx

]¢‡

sZ[Œ‹oybecx®[Œecg®mosp[Œ[~YoYoecYœ‹oSVUXlkacypSbl“moskSb‹¢Yo[~UXSVeXl¬Sb‹¢UXSb}c[{l

š•ª

�

d

�

,

�

�
�

�

�

�
� 
	


• Ò

] 6

Ò

†



�

�����

�����

�

���

�


 �����-� ��� �#����� � 
 �

���


 �!
 


�

�-
 � �

Ò

,

-100 -80 -60 -40 -20 0 20 40 60 80 100
-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

d (MHz)

Im
[F

(d
)F

* (d
+

W
)-

F
* (d

)F
(d

-
W

)]

�³SbUXWZYo[¡Ò

]��3�

É

_•Î

[~Y\YoecYŒ‹oSVUXlkacy

‰Œsp[~Yo[¥mosZ[¡WplkSVmo‹©ecg

_

a^Y\[¥‰©a^m…mo‹Ÿecg ecxkmoSbq~acy•xŽe¯‰©[~YŒxŽ[~Y›g„Yo[{hjWp[{lpqvª¬WklpSVm

]

�il¸aczZ}^acljmoa^Uc[“ecg�mosp[“É

_•Î

[~Y\YoecY”‹oSVUXlpacyTSb‹•mosp[Èy€a^YoUc[“q~a^xpmoWZYo[•YtaclZUc[

]È­

m¥q~acl‚šŽ[•‹…[~[{l‚g„ecY

[v—Zacd•xkyV[©mospa^mTmosZ[©[~YoYoecY¢‹oSVUXlkacyjSb‹ xŽeX‹oSVmoSV}c[©Sbl°mosZ[�[{ljmoSVYo[©Yo[~UXSVeXl¾g„YoeXd mosZ[œd•e•zkWpyba^moSVeXl¡g¶Yo[{h•WZ[{lpqvª

m…e•mosZ[¥q~a¯}•SVm¼ªµY\[{‹…eXlpaclpqv[•g„Yo[{hjWp[{lpqvª±eXl¬mosZ[¥yV[~g„mospaclpz`‹oSbzp[Ÿecg �³SbUXWZYo[¥Ò

]��•]²‡

spSb‹©d•[{aclp‹œmoska^mœSbg a

m…Y\aclk‹oSV[{ljm²‹…[{lpzp‹£mosZ[Ÿybac‹o[~Y²g„Yo[{hjWp[{lpqvª°gƒa^Y�a¯‰©a¯ª±g„YoeXd mosZ[iq~a{}™SVmwª•Y\[{‹…eXlpaclpqv[Ÿg¶Yo[{h•WZ[{lpqvªc¿jmosZ[Ÿy€ac‹…[~Y

‰ŒS€yby¢‹…moSbybyTY\[~moWZY\l‚m…eÏmosZ[±yVe™qo½‚xŽeXSbljm”SVg©mosZ[“g„Yo[{hjWp[{lpqvª¤[v—™q~WZYt‹oSVeXl¸Sb‹°yV[{‹o‹¥moskacl¸mosZ[¬d•e•zkWpyba^moSVeXl

g„Yo[{h•WZ[{lpqvª

]›‡

spa^miSb‹~¿pmosZ[¾yVe™qo½¹q~a^xpmoWZYo[°Y\aclZUc[¾Sb‹ŒybS€d“SVm…[{z`š•ª¬mosp[°d•e™zpWpyba^moSbeXl¹g¶Y\[{hjWZ[{lkqvª¬Yta^mosZ[~Y

mospacl•mosZ[¡q~a{}™SVm¼ª•ybSblZ[~‰ŒS€zZmos

]

�

e•q\½•S€lZU•mosZ[¬ybac‹…[~Y¡g„Yo[{h•WZ[{lpqvª¤m…e–mosp[±q~a{}™SVmwª¦Yo[{‹…eXlpaclpqv[¬d•[{aclp‹¡mospa^m°ybac‹o[~Y¡Sbljm…[{lp‹oSVm¼ª¤lpeXSb‹…[

Sb‹¡lZecm°qveXlj}c[~Yom…[{z Sbljm…e•g¶Y\[{hjWZ[{lkqvª¤lpeXSb‹…[•š•ª«mosp[±g„[~[{zZškacqo½¸ybejecx

]¬‡

spSb‹¡Sb‹¥šŽ[{q~acWp‹…[“mosp[µybac‹…[~Y°Sb‹

yVe™qo½c[{zˆm…e¤mosZ[

Ð

[~Yoe«ecg•mosZ[`É

_•Î

[~YoYoecY•‹oSbUXlpacy ¿³‰ŒspSbqts¦Yo[{d±acSblp‹¡a

Ð

[~Yoe‚ac‹¾mosZ[`ybac‹…[~YÈSblnm…[{lk‹oSVmwª

qtspaclZUc[{‹

]

(a> �a>@= )+*-, D."SJ/� D.�gL	�#" (jD"LZH ,

�TSVUXWZY\[iÒ

] *

‹osZe¯‰Ÿ‹²mosZ[Ÿ[v—•xŽ[~Y\S€d•[{lnmoacy’‹…[~moWZxµecg•mosZ[ŸÉ

_iÎ

g¶Yo[{h•WZ[{lpqvª•‹…moa^š’SbybSb‹oa^moSbeXl“a^xpxka^Y\a^moWk‹²g„ecY

mosZ[¾Ò

7

Ò^lpd ybac‹o[~Y

]

­

d“d•[{zkSba^m…[{yVª|a^g¶m…[~Y¬mosZ[–y€ac‹…[~Y±mosZ[~Y\[ÏSb‹“a

)XÊ

z � ecxpmoS€q~acyŒSb‹…eXy€a^m…ecY«•

.

�TÑ

­ .

u

�

u¼Ò

7

�¯uwÉ

Î �r†

m…e¸xkYo[~}c[{lnm±ecxpmoSbq~acy›g„[~[{zZškacq\½ g„YoeXdfecxpmoS€q~acy›[{yV[{d•[{ljmo‹“‹oWpqts ac‹•mosZ[–Yo[~g¶[~Y\[{lpqv[•q~a{}™SVmwª aclkz mosZ[

ecxpmoS€q~acy´‹…xŽ[{qvm…Y\Wpd aclpacybª•‹…[~Y¡•ƒlpecmŒ‹osZeŠ‰Œl

†t]²‡

sp[išŽ[{acd S€‹œmosZ[{l•‹…xky€SVm©S€lnm…e•m¼‰�e¬qveXd•xŽeXlZ[{lnmo‹{¿ZeXlZ[

qveXd•xŽeXlZ[{ljmTšŽ[{SblZUŸWk‹…[{z¾g¶ecYTmosZ[œ[v—™x®[~YtSbd•[{ljm³aclpzÈzpS€a^UXlZeX‹…moSbq~‹~¿^mosZ[œecmosZ[~Y¢šŽ[{SblpUŸWp‹…[{z¾m…e¥‹…moa^škS€ybSb‹…[

mosZ[¡g¶Yo[{h•WZ[{lpqvª¬ecg³mosZ[¡ybac‹…[~Y

]

‡

sZ[¾qveXd“x®eXlp[{lnm¥Wp‹…[{zÏg„ecYig„Yo[{h•WZ[{lpqvª–‹omoa^škSbybSb‹\a^moSVeXl–Sb‹Ÿxkac‹o‹o[{zÏmospYoeXWZUXs«a

�^ÊXÍÏÎŸÐ

Yo[{‹…eXlpacljm

�

yV[{qvm…Yoe^u

.

xpmoS€q

Í

e•zkWpyba^m…ecY¥•

� .¥Í¤†

•

�

[~ª•‹oecx¬Y\[{‹…eXlpacljm�xkskac‹…[Ÿ[{yb[{qvm…Yoe^u»ecxpmoSbqid•e™zpWpyba^m…ecY

†

m…eÈxpYoe^u

zpWkqv[µxkskac‹…[µd•e™zpWpy€a^moSVeXl¦‹oS€zZ[~škaclpzp‹”eXl mosp[¬ybac‹o[~Y°šŽ[{acd

]«‡

sZ[

� .¥Í

Sb‹¾zZY\Sb}c[{l¸š•ª¦a–}ceXybmoa^Uc[

qveXljm…YoeXybyV[{z eX‹oq~Sbybyba^m…ecY–•

"

 

.”†

ecxŽ[~Y\a^moSblZU¸a^m

� 6^]

Ò

ÍÏÎŒÐ

¿›m…e d“a^moq\s|mosp[•Yo[{‹…eXlpacljm•g„Yo[{hjWp[{lpqvª¦ecg

mosZ[

� .¥Í

¿´‰ŒskSbq\s Sb‹”acd•xky€SV‘p[{z¤m…e–xkYoe¯}™SbzZ[±a^xkxpYoe{—ZSbd“a^m…[{ybª

6 )

ecg›YtaczpSVe^u»g„Yo[{hjWp[{lpqvªÏxŽeŠ‰�[~Y¾m…e

mosZ[

� .¥Í¦]’‡

sZ[¡d•e™zpWpyba^moSbeXl¹SblpzZ[v—`xpYoe™zpWpqv[{z•S€‹Œa^xpxpY\e{—ZSbd“a^m…[{yVª

�

dÆÊ\` 6

¿•ac‹ŒS€‹Œ‹osZeŠ‰Œl–S€l �TSVU^u

WZY\[¥Ò

] ,

•„š

†

‰ŒspSbqts¹zpSb‹…x’yba{ª™‹©mosZ[¥m…Y\aclp‹od±SVm…m…[{z¹ybSVUXsjmœmosZYoeXWZUXs`mosZ[”q~a¯}•Sbmwª¹ac‹›mosZ[”ybac‹o[~Y›g¶Yo[{h•WZ[{lpqvª



�

�����

�����

�

���

�


 �����-� ��� �#����� � 
 �

���


 �!
 


�

�-
 � �

Ò

7

�����

�����

�����

�����

�����

�����

�����

�����

���

���

���

���

���

���

PBS

EOM

Reference
Cavity

l/2

l/2

l/4

Camera

LO

Current

Laser

P I

I

Optical Isolator

Experiment
To

MirrorGlass
Slide

PD

PZT

JFET

Feedback

Laser
Control

�³SbUXWZYo[¡Ò

] *3�

É

_iÎ

yVe™qo½™SblZU•[v—™xŽ[~Y\Sbd•[{ljmoacy•‹…[~moWZx

]

Sb‹Œ‹oq~aclplZ[{z

]

‡

sZ[±d•e™zpWpyba^m…[{z‚y€SVUXsnm”S€‹”Sblpq~Sbzp[{lnm•eXl¦a•Yo[~g¶[~Y\[{lpqv[±q~a{}™SVm¼ª¦d“acl•WZg„acqvmoWpYo[{z‚š•ª«mosp[

 

a^moSbeXlpacy

É�snª™‹oSbq~acy

�

a^š®ecYta^m…ecYoª

] ‡

sZ[`Yo[~g„[~Yo[{lpqv[–q~a¯}•Sbmwª|spac‹“a¤g„Yo[~[•‹…xŽ[{qvm…Y\acyœY\aclpUc[¹ecg

6^] *

Ò

�•ÎŸÐ

aclpz|a

ybS€lZ[~‰ŒSbzZmos±ecgTÒ

ÍÏÎŸÐc]²‡

sZ[¥q~a{}™SVm¼ª`S€‹©lpeXl™uwqveXlZg„e•q~acy ¿pska{}™SblZUÈd“SVYoYoecYœY\aczkSbWp‹�ecg³q~WZY\}˜a^moWZY\[¥Ò

�^Ê

d±d

aclpz–q~a{}™SVmwª–yb[{lZUcmos

7cº

d“d

]©‡

spSb‹›d“[{aclp‹•mospa^mŸmosZ[¡zpSV§®[~Yo[{ljm›m…Y\aclp‹o}c[~Y\‹…[¡q~a¯}•SVm¼ª•d•e™zZ[{‹Œa^Yo[°lZeXl™u

zZ[~Uc[{lp[~Y\a^m…[•aclpz–‹…eµUceje™z«d“a^moq\spS€lZUµSb‹ŒYo[{h•WpSVYo[{z–m…e±[{ybSbd±Sblpa^m…[¡acyby škWZm•mosp[

‡ �©Í

, ,

d•e•zp[

]•‡

sZ[

q~a¯}•SVm¼ª m…Y\aclk‹od“Sb‹o‹\SVeXl ac‹`a¸gƒWplpqvmoSVeXl ecg¡Ò

7

Ò^lpd ybac‹…[~Y¬g„Yo[{hjWp[{lpqvª Sb‹±‹\sZe¯‰Œl Sbl �³SbUXWZYo[«Ò

]

�¦g„ecY

mosZ[‚q~ac‹…[¤‰Œsp[~Yo[–Uce•e•z d“a^moqtspSblZU Sbljm…e mosp[

‡ ��Í

, ,

d•e™zZ[¤spac‹¬š®[~[{l ecšpmoacSblp[{z

] .

lZ[Ïecg¡mosZ[

q~a¯}•SVm¼ª d“SVY\YoecY\‹•Sb‹“a^m…moacqtsZ[{z m…e¦xkSb[

Ð

e^u»[{yV[{qvm…Y\Sbq•acqvmoWka^m…ecY\‹~¿•ac‹¬‹osZe¯‰Ÿl Sbl2�TSVUXWZY\[ÏÒ

]+)

¿•acybyVeŠ‰ŒSblZU

mosZ[¾Yo[{‹…eXlkaclnmŸg¶Yo[{h•WZ[{lpqvª¹ecg¢mosp[°q~a{}™SVm¼ª–m…e¬š®[°q\spaclZUc[{z

]Ÿ‡

sZ[°acd•eXWpljmŸecg£ybSbUXsnmiSblpq~SbzZ[{ljm›eXlÏmosZ[

q~a¯}•SVm¼ª«S€‹ia^xkxpYoe{—ZSbd“a^m…[{ybª

6~Ê

�

6~ÊcÊ���)

¿ zZ[~xŽ[{lpzpSblpU“eXl‚sZe¯‰ d¾Wpq\s‚y€SVUXsnm•Sb‹iYo[{h•WpSVYo[{zÏg„ecYiecmosp[~Y

zpS€a^UXlZeX‹…moSbq•xkWpYoxŽeX‹…[{‹›‹oWpqts•ac‹›mosZ[¡‹ox®[{qvm…YtWpd aclpacyVª™‹…[~Y•ecY•‰œa{}c[{d“[~m…[~Y

]

‡

sZ[ŒYo[ �k[{qvm…[{z¬y€SVUXsnm²g¶YoeXd mosZ[iq~a{}™SVmwª±S€‹�zpSbYo[{qvm…[{z“eXljm…e¾a

�^ÊXÍÏÎŒÐ

škaclpzp‰ŒSbzZmosÈxkspecm…e•zZ[~m…[{qvm…ecY

•

‡

specY\yba^šk‹ŸÉ

_

�

6 ���X†t]Ÿ‡

sp[¡xksZecm…e™zZ[~m…[{qvm…ecY¥Sb‹•a¬‹oSby€SbqveXl¹É

­  

xksZecm…e™zpSVe™zZ[¥‰ŒSVmos–Yo[{‹…xŽeXlp‹oSb}•SVm¼ª±ecg

a^xpxkYoe{—ZSbd“a^m…[{yVª

Ê™] 6 �

�

$ )

a^m

)XÊcÊ

lpd aclkz•m…Y\aclp‹\Sbd•xŽ[{zpaclpqv[¥UXacSbl–ecg

6~Ê

*

"($

�

]Ž‡

sZ[¡‹oSbUXlpacy•g„YoeXd

mosZ[°xksZecm…e™zZ[~m…[{qvm…ecY¥Sb‹•mosp[{lÏd“SV—•[{z–‰ŒSVmos¹mosZ[

"

 

.

‹oSVUXlpacy m…eµxpY\e•zpWkqv[¥mosZ[¾É³eXWplkz™u

_

Yo[~}c[~Y…u

Î

acyby

[~YoY\ecY�‹oSVUXlkacy ¿nac‹©‹osZe¯‰Ÿl±Sbl �TSVUXWpYo[ŸÒ

] ,

•ƒq

†t]¢­

m©q~acl“šŽ[Œ‹…[~[{lµmospa^m²mosp[•[~YoYoecYœ‹oSVUXlpacykSb‹£lZeXSb‹oªc¿nmospSb‹²Sb‹

zpWp[Ÿm…eÈ[{yV[{qvm…YoeXlkSbq•lZeXSb‹…[iY\a^mosZ[~Yœmospacl¬šŽ[{SblZU¾ybSbd“SVm…[{zµš•ª“mosZ[¥ybac‹…[~YœxŽe¯‰©[~Y

]£‡

sZ[iY\d“‹©[~YoY\ecYœ‹\SVUXlpacy

‰Œsp[{l`mosZ[”ybac‹…[~Y•Sb‹›ybe•q\½c[{z•Sb‹›a^šŽeXWZm

6~Ê��

ecg³mosZ[¥xŽ[{a^½µm…e•xŽ[{a^½`sZ[{SVUXsjm›ecg mosp[¥[~YoYoecY•‹oSVUXlkacy’‰ŸsZ[{l

mosZ[¾ybac‹…[~Y•Sb‹Œ‹\q~aclplZ[{z•eŠ}c[~Y•mosZ[¡Yo[{‹oeXlpaclpqv[¾‰ŒsZ[{l•WplkyVe•q\½c[{z•¿’S€d•xkyVª™SblZU•a±ybe•q\½c[{zÏybac‹o[~YiybS€lZ[~‰ŒSbzZmos

ecg¢a^YoeXWplkz

*^ÊcÊ

½

ÎŸÐc]

‡

sZ[•[~YoYoecY¡‹\SVUXlpacyTSb‹¥xkac‹\‹…[{z¤m…e–a`g„[~[{zZškacqo½‚qveXljm…YoeXybyV[~Y¡m…e–‹…moa^škSby€Sb‹…[¾mosZ[±ybac‹…[~Y¥g„Yo[{h•WZ[{lpqvª«m…e

mosZ[¥xŽ[{a^½µecg mosZ[¥q~a{}™SVm¼ª¬m…Ytaclp‹od“Sb‹\‹oSVeXl“g„Y\SblpUc[

]£‡

sZ[ig¶[~[{zZš’acqo½`qveXlnm…YoeXy€yV[~Y•Sb‹©škac‹…[{z`eXl`mosZ[”zp[{‹oSVUXl

Sbl ÑŒ[~g¶[~Yo[{lkqv[

9

Ò

, ;

¿�‹\ybSVUXsjmoyVª¦d•e™zpSV‘p[{z š•ª

_¾] ‡¥]��

d“SbmosˆS€l mosp[

�

lpSb}c[~Y\‹oSVm¼ª¸ecg

.

—•g„ecY\z É²sjª•‹\Sbq~‹

_

[~xka^Yomod“[{lnmŸ ©[{ljm…Y\acy

�

yV[{qvm…Y\eXlpSbq~‹©UcYoeXWZx

]¢‡

sp[iqveXljm…YoeXybyV[~Y›Sb‹©zZ[{‹oSbUXlZ[{z±m…e•‹…x’ybSVm²mosp[Ÿ[~YoY\ecYœ‹\SVUXlpacy

Sbljm…eimw‰©e•qveXd“x®eXlp[{lnmo‹~¿c‰ŸSVmos¡mosp[©spSbUXs¡g„Yo[{h•WZ[{lpqvª”qveXd•xŽeXlZ[{ljm g„[~[{zpSblpUŒškacq\½¡m…e•mosZ[œybac‹…[~YTq~WZYoYo[{ljm~¿

}™Sba¬a

�

�

��‡

Sbl–x’a^Y\acybyV[{y ‰ŒSVmosÏmosZ[¾y€ac‹…[~YizkSVe•zp[c¿®aclpzÏmosZ[•yVeŠ‰ g„Yo[{h•WZ[{lpqvª–qveXd•xŽeXlZ[{ljmiš®[{S€lZU±g„[{z

škacq\½•m…e±mosp[¡UcY\a^moSblpU“xkSV[

Ð

e^u»[{yV[{qvm…YtSbq¡acqvmoWpa^m…ecY±•ƒÉ 0

‡Ÿ†t]k‡

sZ[”[{yV[{qvm…YoeXlkSbq¡q~SVYtq~WpSVm›g„ecYŸmosZ[°g¶[~[{zpškacqo½



�

�����

�����

�

���

�


 �����-� ��� �#����� � 
 �

���


 �!
 


�

�-
 � �

)XÊ

-500 0 500 1000 1500 2000
Dn

393
(MHz)

T
ra

ns
m

itt
ed

 L
ig

ht
 (

A
rb

. U
ni

ts
)

�TSVUXWZYo[¡Ò

]

�

� �

SVUXsjm›m…Y\aclp‹\d“SVm…m…[{z¹mosZY\eXWZUXs`Yo[~g„[~Yo[{lpqv[¡q~a¯}•SVm¼ª¹‰ŒSVmos

� .¥Í

e^§

]

qveXljm…YoeXybyV[~YŸSb‹•‹osZeŠ‰Œl¹Sbl �TSVUXWpYo[”Ò

] 7•]

‡

sZ[Èm…ecx‚xka^mos¤Sb‹•aµxkYoecxŽecYomoSVeXlpacy qveXlnm…YoeXy€yV[~Y¥g¶eXy€yVe¯‰©[{z«šjª«a¬skSVUXs–x’ac‹o‹•‘kyVm…[~Yim…e•qvecYoYo[{qvm¥g„ecY

mosZ[¡xkspac‹…[”‹oskSVg¶m›q~acWp‹o[{z¹šjª`mosZ[”zp[{yba{ª`moSbd•[¥ecg³mosZ[¡q~SbY\q~WpSVm›aclpz•q~a^š’yV[{‹

]

‡

sZ[¸d“SbzpzkyV[Ïx’a^mosÆSb‹¹aclÆSbljm…[~UcY\acy”qveXljm…YoeXybyb[~Y

] ‡

sZ[‚yba^YoUc[¦Yo[{‹oSb‹…m…ecY•S€l xka^Y\acybyV[{yi‰ŒSbmos mosZ[

Sbljm…[~UcY\a^moSblpU–q~a^xkacq~SVm…ecYÈybSbd“Sbmo‹Ÿmosp[±UXacSbl¸a^m¾yVe¯‰ g¶Yo[{h•WZ[{lpq~Sb[{‹~¿ xpY\[~}c[{lnmoSblpU•mosZ[±ybac‹o[~Y”g¶Y\eXd d•e™zZ[

sZecxkxkSblZU

]

‡

sZ[•šŽecm…m…eXd x’a^mos Uce•[{‹±m…e mosZ[•UcY\a^moSblpU¸xkSV[

Ð

eˆaclpz Sb‹µacl Sbljm…[~UcY\acyŒqveXljm…YoeXybyb[~Y±‰ŒSVmos moSbd•[

qveXlp‹omoaclnm

º 6

d“‹

]µ‡

spSb‹¥acqvmo‹”m…e–½c[~[~x mosZ[“q~WpYoYo[{ljm”g¶[~[{zpškacqo½¤eXWZm…xkWpm”q~yVeX‹…[“m…e

Ð

[~Y\e–m…e•½c[~[~x mosZ[

ybac‹o[~YŒ‹oSblZUXyb[vuwd•e•zp[

]

��� ��� $ � $ .

�&��������� � �������	��������� �

�

�/�	
 �#���

‡

skSb‹•‹…[{qvmoSVeXl°qve¯}c[~Y\‹ mosZ[²zZ[~moacS€yV[{z•[v—•xŽ[~Y\S€d•[{lnmoacyXxpYoe™qv[{zpWZYo[TYo[{h•WpSVYo[{z•g„ecY yVe™qo½™SblZU›mosp[�Ò

7

Ò•ybac‹o[~Y´m…e

mosZ[

 

É

�

Yo[~g„[~Yo[{lpqv[iq~a{}™SVmwªc¿Zaclpz±Sb‹£Sbljm…[{lpzZ[{z“d±acSblpyVª¾ac‹²a”m…[{qtsplpSbq~acykYo[~g„[~Yo[{lpqv[•g„ecY²mosZ[Œecx®[~Yta^moSVeXl

ecgTmosZ[¥[v—™xŽ[~Y\Sbd•[{ljm

]

‡

sZ[

� .¥Í

Sb‹¥zZYtSV}c[{l¤šjª«a¹}ceXyVmoa^Uc[¬qveXlnm…YoeXy€yV[{z¤eX‹oq~Sbyby€a^m…ecYµ•

"

 

.”†

mospa^m°Sb‹¥acd•xkybSb‘p[{z«šjª¤acl

Ñ �ˆacd“xkybSV‘p[~Y

]³‡

sp[

"

 

.

Sb‹œSbl`a

6 �

q~d ‹oh•Wpa^Yo[¥zpSb[{q~ac‹…m›šŽe{—µxŽeŠ‰�[~Yo[{z•šjª¬a

6 ��"

xŽeŠ‰�[~Y•‹oWpxpxkyVªc¿

yVe™q~a^m…[{zµeXl“mosZ[•‰©e•e•zZ[{l±moa^škyV[ŒWklpzZ[~Y¢mosZ[ŸecxpmoSbq~acypmoa^š’yV[ŒlZ[{a^Y�mosZ[ŸÒ

7

Ò°ybac‹…[~Y²aclpzµSVmo‹

 

É

�

q~a{}™SVmwª

]

‡

sp[

"

 

.

Sb‹œxpY\[{‹…[{lnmoybªµ‹…[~mŒWpx¹g¶ecYŒS€lnm…[~Y\lkacyŽg¶Yo[{h•WZ[{lpqvª¬moWplpS€lZUZ¿Z‹…‰ŒSVmoqtspSblZUÈaclpz•a^m…m…[{l•Wpa^moSVeXl•¿’‹…e

mosZ[¡eXlpyVª��

 

  qveXlklZ[{qvm…ecYŒeXl–mosZ[¥šŽe{—¹mospa^mŒSb‹ŒacqvmoSV}c[°Sb‹œmosp[¡Ñ � eXWZm…x’WZm

]²‡

spS€‹›Ñ �ˆeXWZm…xkWZmŸspac‹

a

‡

u»xkSV[{qv[¡qveXlplp[{qvm…[{z–m…e¬SVm~¿p‹…e“mospa^mŸmosZ[¡‹oSbUXlpacyŽg¶Y\eXd mosZ[

"

 

.

Sb‹•‹oxkybSVmœšŽ[~mw‰©[~[{l•xŽe¯‰©[~Y\SblpU•mosZ[

� .¥Í

aclkz`xpYoe¯}™SbzpS€lZU¾aÈY\[~g¶[~Yo[{lkqv[”‹oSVUXlpacyŽg„ecY›mosZ[”É

_•Î

[~YoYoecYŒ‹\SVUXlpacy®}•S€aÈmosZ[”Ñ �ˆd“S¨—™[~Y•yVe™q~a^m…[{z

eXl¹mosp[¡‹oWZxpxŽecYomœYoe•ecg³x®eX‹om›ecg mosZ[¡ecxpmoSbq~acy•moa^škyb[

]

‡

sZ[±Ñ � acd•xkybSV‘k[~Y•S€‹”xŽe¯‰©[~Yo[{z¸š•ª‚aÏÒ

Ê "

¿

6

�

_

  ‹\WZxpxkyVª«yVe™q~a^m…[{z¦eXl¦mosZ[±‹oacd•[µ‰�e•e™zZ[{l

moa^škyb[”WplpzZ[~Y›mosZ[¥ecxkmoSbq~acy•moa^škyV[

]£‡

sZ[”Ñ � acd•xky€SV‘p[~YœxpYoeŠ}•Sbzp[{‹›a^xpxpYoe¯—™Sbd±a^m…[{yVª

6 )

ecgTÑ �ˆxŽe¯‰©[~Y

m…eµmosZ[

� .¥Í

¿’aclpz–zZYta{‰Œ‹Ÿa^š®eXWpmŸÒ

ÊcÊ

d � ecg£q~WZYoY\[{lnmŒa^m

º�,�"

‰ŒspSbyb[”SVm›Y\Wplp‹

]�‡

sZ[°Ñ � acd•x’ybSV‘p[~Y

sZ[{a^mo‹¾WZx¸‰ŸspSbyV[ÈSVm¡Sb‹”Y\WplplpS€lZUZ¿•škWZm¥mosZ[µsZ[{a^m°‹oS€lZ½ÏzpS€‹o‹oSVxka^m…[{‹•mosp[±sZ[{a^m¡‰ŸSVmosZeXWZm¥mosZ[µlZ[~[{z¸g„ecY

[v—™m…[~Y\lpacy�qvejeXybS€lZU

]

 œa^Yo[“‹ospeXWpybz¤šŽ[Èmoa^½c[{l¦mospa^m¡mosZ[“Ñ � acd•x’ybSV‘p[~Y¥Sb‹”qveXlklZ[{qvm…[{z¸m…e•mosp[

� .¥Í



�

�����

�����

�

���

�


 �����-� ��� �#����� � 
 �

���


 �!
 


�

�-
 � �

) 6

-150 -100 -50 0 50 100 150
n

393
- n

cavity
 (MHz)

(a)

(b)

(c)

�TSVUXWZY\[«Ò

] ,3� �

SVUXsnmµm…Y\aclp‹od±SVm…m…[{z mosZY\eXWZUXs Y\[~g¶[~Yo[{lkqv[«q~a¯}•SVm¼ª aclpz É³eXWplpz™u

_

Yo[~}c[~Y…u

Î

acybyÈ•ƒÉ

_•Î¥†

[~YoY\ecYŸ‹oSVUXlkacy

]

•ƒa

†›‡

Y\aclp‹od±SVm…m…[{z•ybSVUXsjm›‰ŒSVmos¹lpe±d•e™zpWpyba^moSVeXl¹a^xkxkybSV[{z¬m…eµy€ac‹…[~Y•šŽ[{acd

]

•„š

†œ‡

Ytaclp‹ u

d“Sbm…m…[{z•ybSVUXsjm›‰ŒSVmos

� .¥Í

acqvmoSb}c[

]

•ƒq

†œ_

[{d•e™zpWpyba^m…[{z–É

_•Î

[~YoYoecYŒ‹oSbUXlpacy

]

šŽ[~g„ecYo[•x®eŠ‰�[~Y•S€‹›a^xpxkybSV[{z´¿necmosZ[~Yo‰ŸSb‹…[•mosZ[•Yo[ �p[{qvmoSVeXl•g¶YoeXd mosZ[”Wklnm…[~Y\d±Sblpa^m…[{z`q~a^škyV[•‰ŒSby€y’zZ[{‹om…Yoe¯ª

mosZ[ÈÑ � acd•xkybSV‘k[~Y

]•‡

sZ[

"

 

.

xŽeŠ‰�[~Y¥‹oWZxkxkyVª`‹osZeXWpybz•š®[°moWZY\lZ[{z–eXl«‘pY\‹…m~¿’g¶eXybybe¯‰©[{z–š•ª•mosZ[¾Ñ �

acd•x’ybSV‘p[~Y¾xŽe¯‰©[~Y“‹oWZxpxkybª

]5)

sZ[{l moWpY\lpSblZU«e^§ mosp[•É

_•Î

‹…[~moWpx´¿£mosZ[•Ñ � acd•x’ybSV‘p[~YÈ‹osZeXWpy€z¦šŽ[

moWZYtlZ[{z`e^§‚‘pY\‹…m~¿Zg„eXybyVeŠ‰�[{z¹š•ª¬mosZ[

"

 

.

xŽeŠ‰�[~Yi‹oWZxpxkybª

]

‡

sZ[µ‹oSbUXlpacy£g„YoeXd mosZ[µx’sZecm…e•zkSVe•zp[“aclpz¦mosp[¬‹oSbUXlpacy£g„YoeXd mosZ[

"

 

.

a^Yo[¬moa^½c[{l m…e«a«d“S¨—™[~Y

a^m…moacqtsZ[{z«m…e“mosZ[¡‹oWpxpxŽecYom�xŽeX‹…mŒecg mosZ[¡ecxpmoSbq~acy•moa^škyb[”Yoe•ecg

]²‡

sZ[¥xksZecm…e™zpSVe™zZ[¥‹oSVUXlpacyŽUce•[{‹•m…e±mosZ[

Ñ � SblZxkWZmiecg©mosZ[±d“S¨—™[~Y±•ƒÑ

†

¿ mosZ[

"

 

.

m…e•mosp[±yVe™q~acyTeX‹oq~Sbybyba^m…ecY°SblZxkWZm••

�³†

aclpz¤mosZ[“eXWZm…x’WZm¥Sb‹

moa^½c[{l«g„YoeXd mosZ[¾Sbljm…[~Yog¶[~Y\[{lpqv[¬•

­o†

xŽecYom

]›‡

sp[¡‹oSVUXlpacy g¶Y\eXd mosZ[

­

x®ecY\mŒqveXlp‹oSb‹omo‹•ecg¢mosZ[

_

  É

_•Î

[~YoY\ecYœ‹\SVUXlpacyŽaclpz`acl`Sblnm…[~Y\g¶[~Yo[{lkqv[im…[~Ytd a^m©m¼‰ŒSbqv[•mosZ[¥d•e™zpWpyba^moSbeXl“g„Yo[{hjWp[{lpqvª

]£‡

sZ[•Sbljm…[~Yog¶[~Y\[{lpqv[

m…[~Y\d a^m

6~ÊcÊXÍÏÎŸÐ

q~aclµšŽ[•SVUXlZecYo[{zµ‹oSblpqv[›mosZ[Ÿ[{yV[{qvm…YoeXlpS€q~‹²Wp‹…[{zµSbl•mosZ[Œ[v—•xŽ[~Y\Sbd“[{lnm£‰ŸSbyby•‘kyVm…[~Y�mospSb‹

g„Yo[{h•WZ[{lpqvª¬‰ŒSVmosZeXWZmœmosZ[°aczpzpSVmoSVeXl`ecg³[v—™m…Y\a•‘kyVm…[~YŒ[{yV[{qvm…YoeXlpSbq~‹

]

‡

sZ[±É

_•Î

[~YoY\ecY°‹oSVUXlkacy£Sb‹¥moa^½c[{lˆm…eÏacl aclpacyVecU«aczpzZ[~Y

]`‡

sZ[“UXacS€l¸ecgœmosZ[µaczkzZ[~Y¡Sb‹°‹…[~m¡g„ecY

d“a˜—ZSbd¾Wpdracd•xkybSb‘kq~a^moSVeXl•¿TaclpzˆmosZ[`e^§Ž‹o[~mÈS€‹¾acz

�

Wp‹om…[{z m…e‚d“a^½c[`mosZ[¹É

_iÎ

[~YoYoecY•‹oSVUXlkacy�qvYoeX‹\‹

Ð

[~Yoe¦eXl q~a{}™SVmwª Yo[{‹oeXlpaclpqv[

] ‡

sZ[¹eXWpm…xkWZmÈecgŸmosp[–aczpzZ[~Y“Sb‹Èmoa^½c[{l m…e¸mosZ[

� ) 6{º�,07

g¶Yo[{h•WZ[{lpqvª

‹…moa^š’SbybSb‹oa^moSbeXl¬WklpSVm›yVe™q~a^m…[{z•m…e“mosZ[°yV[~g¶m›ecg³mosZ[¡aczkzZ[~Y

]

‡

sZ[µybac‹o[~Y¡g„Yo[{hjWp[{lpqvª¸‹…moa^škSby€Sb‹oa^moSVeXl¸WklpSVm”spac‹¾a–‹oS€lZUXyV[±SblpxkWZm~¿ mosp[µÉ

_•Î

[~Y\YoecY°‹oSbUXlpacy ¿Taclpz

m¼‰�e¸eXWpm…xkWZmo‹~¿£mosp[¹g¶[~[{zZš’acqo½ ‹oSVUXlpacy©m…e‚mosZ[¹q~WZYoY\[{lnm•aclpz xkSb[

Ð

e

] ‡

sZ[`g„[~[{zZškacq\½ˆ‹oSbUXlpacy©m…e‚mosZ[

q~WZY\Yo[{lnmiUce•[{‹ŸmospYoeXWZUXs¤aclZecmosZ[~Y¥aczpzZ[~Yimospa^m¥acd•xky€SV‘p[{‹•mosp[¾‹oSbUXlpacy aclpz¤a^xpx’ybSV[{‹Œa

_

  e^§Ž‹…[~m

]•­

m

‹ospeXWpybz¬šŽ[”lZecm…[{z•mospa^m›‰ŸsZ[{l¹mosZ[

_

  e^§•‹…[~mŸa^xkxkybSV[{z¬m…e“mosZ[

�

�

�²‡

Sb‹›lp[~UXa^moSV}c[¡mosZ[”y€ac‹…[~YŒzpSVe™zZ[

Yo[{qv[{Sb}c[{‹›d•ecYo[•q~WZYoYo[{ljm�g„YoeXd mosZ[¥q~WZYoY\[{lnmœqveXlnm…Y\eXy’šŽe¯—±mospacl`SVmœlZecY\d“acybybªÈzpej[{‹~¿Z‹oS€lpqv[Ÿmosp[

�

�

��‡

zZe•[{‹¥lZecm¥‹oSblp½•ac‹¥d°Wpqts‚q~WZYoYo[{ljm•m…e¹UcYoeXWplpz¤ac‹¥lZecYtd“acy

]¥­

m•S€‹Ÿmosp[~Yo[~g¶ecY\[¾xŽeX‹o‹\SVškyV[°m…e`zpY\SV}c[¾mosZ[

ybac‹o[~YœzkSVe•zp[Ÿ‰ŒSbmosµaÈq~WZYoY\[{lnmœa^šŽe¯}c[¥mosZ[¥d“a˜—ZSbd¾Wpd q~WZYoYo[{ljm©‹o[~m©eXl`mosp[•q~WpYoYo[{ljm©qveXljm…YoeXybyV[~Y•Sbg•mosZ[

_

  e^§•‹…[~m•a^xpxky€SV[{z¬m…e•mosZ[

�

�

�²‡

Sb‹œm…e•e•gƒa^Y•lZ[~UXa^moSV}c[

]

�pecY•mospSb‹œYo[{ac‹oeXl•¿pq~a^Yo[”d¾Wp‹…mœšŽ[imoa^½c[{l–m…e

acz

�

Wp‹…m›mosp[

_

  e^§Ž‹o[~mŒ‹…e“mospa^mŸSVm•Sb‹›Sbl`mosZ[¡Y\aclZUc[¥u

6 � 6 "¾]

‡

sZ[±Ò

7

Ò¹ybac‹…[~Y”S€‹¥yVe•q\½c[{z‚m…e•mosZ[“q~a¯}•Sbmwª¤šjª¤a^xpxky€SblZUµa–‹oq~acl‚m…e¹mosZ[“ybac‹o[~Y¡Wp‹oSblpUµmosZ[

�

 

6~ÊcÊ



�

�����

�����

�

���

�


 �����-� ��� �#����� � 
 �

���


 �!
 


�

�-
 � �

)nº

R3  3k3

RV1

1k

R2

1k

R5  56R

INPUT

TL081

OP27

LM6361

PIEZO
OUTPUT

OUTPUT
CURRENT

C8  1uF

R15  330R

R16  100R

S2
R11  33k

C10  68n

R6 560RR4  1k

C7  150p

R10  3M3

R9   1k

R8

3k3

3k3

R14RV3

RV2

1k

1k

S1

56R
R1

-

+
-

+
-

+

�TSVUXWZY\[›Ò

] 73� �

yV[{qvm…YoeXlpSbqœ‹oqtsZ[{d“a^moSbq•g¶[~[{zZš’acqo½ÈqveXlnm…YoeXy€yV[~Y¢g¶ecY£y€ac‹…[~Y£g„Yo[{hjWp[{lpqvª°‹…moa^š’SbybSb‹oa^moSbeXl

]� 

ecm…[

mospa^m qveXd•xŽeXlZ[{lnmo‹ ‹oWpqts”ac‹´xŽe¯‰©[~Y ‹oWpxpxkyVªŒzp[{qveXWZxkybSblpUœq~a^x’acq~SVm…ecY\‹ ska{}c[£šŽ[~[{l”yV[~g„m•e^§•mosZ[²zpS€a^UcY\acd

]

‹oq~acl qveXljm…YoeXyŸš®e¯—

] ‡

sZ[Ïqv[{ljm…Yo[«g¶Y\[{hjWZ[{lkqvª|ecg¥mosZ[Ïybac‹o[~Y¬Sb‹µacz

�

Wp‹…m…[{z šjª qtspaclZUXSblZU mosZ[Ï‹\q~acl

qveXljm…YoeXy©šŽe{—

_

  e^§Ž‹…[~m•WpljmoSby²mosZ[¬qv[{ljm…Yo[¬g¶Y\[{hjWZ[{lkqvª¸d“a^moq\sZ[{‹Èmosp[¬q~a¯}•SVm¼ª¦Yo[{‹oeXlpaclpqv[

]¤_

WpY\SblZU

mospS€‹²‹…moa^Uc[ŸmosZ[Ÿq~acd•[~Yta¡yVe•ec½•S€lZU¡a^m²mosp[ŒybSVUXsjm£m…Y\aclp‹\d“SVm…m…[{z“mospYoeXWZUXs“mosp[Œq~a{}™SVmwªµSb‹£Wp‹…[{z±m…e¡[{lp‹\WZYo[

mospa^m²mosZ[Œybac‹…[~Y�Sb‹£yVe™qo½c[{z±m…e”mosZ[ŒqvecYoY\[{qvmi•

‡ �©Í

, ,

†

q~a¯}•SVm¼ª“d•e™zZ[

] .

lpqv[›mosZ[Œy€ac‹…[~Y£g„Yo[{hjWp[{lpqvª¾S€‹¢eXl

Yo[{‹oeXlpaclpqv[”‰ŒSbmos`mosZ[”q~a{}™SVmwªc¿’mosZ[¡‹oq~acl–acd•xkybSVmoWkzZ[iS€‹œYo[{zpWpqv[{z•¿pacz

�

Wp‹omoSblZUÈmosZ[¥e^§•‹…[~m•m…e“½c[~[~xÏmosZ[

ybac‹o[~YŸeXlÏYo[{‹…eXlpaclkqv[

]i‡

sp[°ybac‹…[~Y•Sb‹ŒmosZ[{lÏybe•q\½c[{zÏš•ª•q~yVeX‹oS€lZU±mosZ[¾xpYoecxŽecYomoSbeXlpacy´q~WZYoY\[{lnm~¿ŽSbljm…[~UcY\acy

q~WZY\Yo[{lnm¥aclpz‚S€lnm…[~UcY\acyTx’SV[

Ð

e`g¶[~[{zZš’acqo½«xka^mosp‹“•ƒSbl«mospa^m•ecY\zZ[~Y

†t]°‡

sZ[•‹…‰ŸSVmoq\sZ[{‹•eXl¤mosp[

� ) 6{º�,07

qveXljm…YoeXybyV[~Y©a^Yo[Ÿzpe¯‰ŒlµSbl“mosZ[ŸyVe•q\½c[{zµqveXlkzpSVmoSVeXl

]³­

g®mosp[Ÿybac‹…[~Y©yVeX‹…[{‹�yVe•q\½“SVm£‰ŒS€yby™xpYoecška^š’yVª°a^m…m…[{d•xkm

m…e•Y\[{yVe•q\½«a^m”a¹skSVUXsZ[~Y”q~WZYoY\[{lnm”aclpz‚skSVm•mosZ[“q~WZYoYo[{ljm¥ybSbd“Sbm~¿Žq~acWk‹oSblZU¹mosZ[“q~WpYoYo[{ljm•qveXljm…YoeXybyb[~Y”m…e

[{d“Sbmia¬q\spa^m…m…[~YtSblZU`‰©a^YtlpSblZU¬‹oSVUXlpacy

]i‡

sZ[Èybac‹…[~Y•‹osZeXWpy€z•šŽ[¾WklpyVe™qo½c[{z«Sbl–mosp[°Yo[~}c[~Yt‹…[ÈecY\zZ[~Y••ƒS

]

[

]

É 0

‡

‘pYt‹…m~¿’q~WZY\Yo[{lnmŸybac‹…m

†

aclkz•Yo[{yVe™qo½c[{z

] �

‹oWkacybyVª¬mosZ[°ybac‹o[~YŸYo[~moWpY\lp‹›m…e¬mosZ[°qvecY\Yo[{qvmŸd•e™zZ[°eXlpqv[

mosZ[¬qveXlnm…Y\eXybyV[~Y°S€‹¡Wplpybe•q\½c[{z•¿³spe¯‰©[~}c[~Y¾SVm¾Sb‹¥‰©ecYomosˆq\sZ[{q\½•SblpU–eXl¸mosp[±‰œa{}c[{d•[~m…[~Y•mospa^m°mospSb‹°spac‹

spa^xkx®[{lp[{z•¿Zaclpz•acz

�

Wp‹…m›mosZ[”y€ac‹…[~Y•g„Yo[{hjWp[{lpqvª¬Sbg SVm•Sb‹•eXl¹mosZ[¥‰•YoeXlpU“d•e•zp[

]

Â1���

�

���*��+ ��� !"����25&/#%25&/2E��032�� ��+ � ��� � $10

�

+���8

�

x’a^moSbacy™Sblnm…[~Y\g¶[~Yo[{lkqv[œybe•q\½•SblpU•S€‹³aiYo[{y€a^moSV}c[{yVª°lp[~‰ d•[~mosZe™z

9

Ò

7];»]³­

m¢‰œac‹¢Sbln}c[{‹omoSVUXa^m…[{z•[v—™x®[~YtSbd•[{l™u

moacybybªc¿˜š’WZm Sb‹ lZecmTa^m xpY\[{‹…[{lnm³Sbl¾Wp‹…[�S€l”eXWZYT‹…[~moWZx

] ­

l°mospSb‹ d•[~mosZe™z¡mosp[©Sblk‹…moaclnmoaclp[~eXWp‹ y€ac‹…[~Y x’spac‹…[

aclpz¤g„Yo[{h•WZ[{lpqvª¤Sb‹¥qveXd•xka^Y\[{z¤m…e•mosZ[“yV[{a^½^a^Uc[“‘p[{ybz«g„YoeXd mosZ[“q~a¯}•Sbmwªc¿ ac‹”g¶ecY

Î��

aclp‹oqts™uÃ ©eXWpS€ybybacWpz

aclpz¦É eXWklpz™u

_

Yo[~}c[~Y…u

Î

acyby²ybe•q\½•SblpU

]±‡

sZ[•g„Yo[{h•WZ[{lpqvª«Yo[~g¶[~Y\[{lpqv[±Sb‹¥ecškmoacSblZ[{z‚š•ª‚d“Sb‹oacybSbUXlpSblZUµmosZ[

SblpxkWZm²šŽ[{acd Sbljm…e¾mosZ[¥q~a{}™SVmwª

]©‡

spSb‹©q~acWp‹…[{‹›mosp[išŽ[{acd m…e•šŽ[i‹oxkybSVm©WZx¹Sblnm…eÈSVmo‹›qveXd•xŽeXlZ[{ljm

‡ ��Í

q~a¯}•SVm¼ª‚d•e•zp[{‹

]°‡

sp[

‡ �©Í

,

i

d•e™zZ[•Sb‹imosZ[{l‚Wp‹o[{z‚ac‹•mosZ[•g¶Y\[{hjWZ[{lkqvª–Yo[~g„[~Yo[{lpqv[Èg„ecY¥mosZ[

‡ ��Í

, ,

q~a^YoYtSV[~Y

]£‡

sZ[•[~YoY\ecYŒ‹oSVUXlpacyŽSb‹œxkYoecxŽecYomoSVeXlpacy’m…e“mosZ[”d“a^UXlkSVmoWpzZ[iecg mosp[”Sblnm…[~Y\g¶[~Yo[{lkqv[¥š®[~m¼‰�[~[{l•mosZ[

m¼‰�e`d•e™zZ[{‹•aclpzÏSb‹›UXSV}c[{l–šjª`mosZ[°e¯}c[~Y\yba^x«Sbljm…[~UcY\acy

]œ‡

sZ[¡Sbljm…[~Yog„[~Yo[{lpqv[¡S€‹•d•[{ac‹oWZY\[{z•š•ª`Wk‹…[”ecg¢a

‹…x’ybSVm•xkspecm…e•zpSbe•zZ[

]›‡

sp[¡Yo[ �p[{qvm…[{z«šŽ[{acd g¶YoeXd mosZ[¾q~a{}™SVmwª«Sb‹ŒzpSbYo[{qvm…[{z–eXljm…e`aµ‹…x’ybSVm›xksZecm…e™zpSVe™zZ[
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)

Ò

‹…e`mospa^mi[{acq\s¦yVecšŽ[¡ecg£mosZ[

‡ �©Í

,

i

d•e™zZ[°gƒacybyb‹ŒeXl¤a¬‹o[~xka^Y\a^m…[•spacyVg¢ecg£mosp[°xkspecm…e•zpSbe•zZ[¾aclpzÏmosZ[

‡ �©Í

, ,

d•e™zZ[Ÿgƒacybyb‹²[{hjWkacybyVªÈeXl¬š®ecmos¬spacyV}c[{‹

] )

sZ[{lµmosZ[•ybac‹…[~YœSb‹�eXlµY\[{‹…eXlpaclpqv[i‰ŒSVmos±mosZ[iq~a¯}•Sbmwª

mosZ[`xŽe¯‰©[~YÈeXlˆ[{acq\s xksZecm…e™zpSVe™zZ[¬spacyVg•Sb‹°[{hjWkacy©aclkz mosp[µ[~YoY\ecYÈ‹\SVUXlpacy©Sb‹

Ð

[~Y\e

] .

§ Yo[{‹…eXlkaclpqv[

mosZ[•Yo[{‹oeXlpaclnm

‡ ��Í

, ,

d•e™zZ[¥acq~h•WpSVYo[{‹œacl`[{h•WpacyŽxkspac‹…[•‹ospSbg¶mœSbl¬šŽecmosµx’sZecm…e•zkSVe•zp[ŸspacyV}c[{‹{¿•‰ŸspSbyV[

mosZ[ÈlZeXl™u»Y\[{‹…eXlpacljm

‡ ��Í

,

i

d•e™zZ[¾Yo[{d“acSblp‹iWplpqtspaclZUc[{z

]•‡

sZ[

‡ �©Í

, ,

mosZ[{l¤Sblnm…[~Y\g¶[~Yo[{‹•zZ[{‹om…Y\Wpq u

moSV}c[{ybªµ‰ŒSbmosµmosp[

‡ ��Í

,

i

Sbl`eXlZ[”spacyVg ecg mosp[¥xksZecm…e™zpSVe™zZ[iaclkz¹qveXlp‹…m…Y\WpqvmoSb}c[{yVª¬S€lµmosp[¥ecmosZ[~YŒspacyVgÃ¿

xpY\e•zpWkq~SblZUÈacl•[~YoYoecY•‹\SVUXlpacy

]

‡

‰�e•m…ecxŽeXyVecUXSV[{‹›a^Y\[¥x®eX‹\‹oSVškyV[Œg¶ecY›mosZ[”acy€SVUXlpd•[{ljm�ecg³mosZ[¥ybac‹…[~Y•S€lnm…eÈmosZ[•Yo[~g„[~Yo[{lpqv[”q~a¯}•SVm¼ª

]²­

l

mosZ[•‹oS€lZUXyV[¾xkac‹o‹¥d•e™zZ[¾mosZ[•SblZxkWZm•ybac‹…[~Y•šŽ[{acd Sb‹•acybSVUXlp[{zÏSbljm…e`mosZ[“q~a{}™SVm¼ª«ac‹¥zZ[{‹\qvY\SVšŽ[{zÏa^šŽeŠ}c[

]

­

l“mosZ[izZeXWZškyb[›xkac‹o‹²d“e•zZ[ŒmosZ[ŸSblpxkWZm¢ybac‹…[~Y�š®[{acd Sb‹²d±a^moq\sZ[{z¬Sbljm…e¡mosZ[Œq~a¯}•Sbmwª±‹…e°mospa^m²mosp[ŒšŽ[{acd

Sb‹ŒqveXd•xkyV[~m…[{yVª`m…Y\aclk‹od“SVm…m…[{z¹eXl–Yo[{‹…eXlpaclkqv[

]©‡

sp[¥m…Y\aclp‹od“Sbm…m…[{z•šŽ[{acd Sb‹›mosp[{l–Wp‹…[{z–ac‹•mosZ[¡S€lZxkWZm

g„ecY”mosZ[“moS€yVm”yVe™qo½™SblZU•‹oSVUXlkacy ¿´S

]

[

]

SVm”S€‹¥Yo[~m…YoecYo[ �k[{qvm…[{z¦Sbljm…e•mosZ[“q~a¯}•SVm¼ª¸‹oybSVUXsjmoyVª«d“Sb‹oacybSbUXlZ[{z¤aclpz

mosZ[•Yo[ �k[{qvm…[{z¹ybSVUXsjm�g„YoeXd mosZ[¥q~a{}™SVmwª`d“SVY\YoecY©S€‹©Wk‹…[{z¬m…e¾ecš’‹…[~Yo}c[•mosZ[¥‹…xka^moSbacyŽd•e™zZ[•Sbljm…[~Yog¶[~Y\[{lpqv[

]

­

m›‹osZeXWpybz¬šŽ[•lZecm…[{z`mospa^m•Sbl¬mospSb‹œq~ac‹…[¥mosp[•h•WpaczZYtaclnmœxksZecm…e™zpSVe™zZ[•Sb‹©xkybacqv[{z¬eXl`mosZ[¥eXWZm…x’WZm›‹oSbzZ[

ecg©mosZ[ÈYo[~g„[~Yo[{lpqv[“q~a{}™SVm¼ª

]¾‡

sp[Èaczp}˜acljmoa^Uc[“ecg©mosZ[•zZeXWZškyV[¾xkac‹o‹im…ecxŽeXyVecUcª¤Sb‹imospa^m¥mosZ[È‘pY\‹omix’ac‹o‹

mosZY\eXWZUXs•mosZ[Œq~a¯}•Sbmwª“acqvmo‹©ac‹£a”‹…xka^moS€acypd•e™zZ[›‘kyVm…[~Y£‰ŸspSbq\sÈ[{lk‹oWZYo[{‹¢moska^m£eXlpyVª

‡ ��Í

, ,

d•e™zZ[•ybSVUXsjm

Sb‹•Wp‹o[{z¤m…e¹ecšpmoacSbl«mosZ[È[~YoYoecY”‹oSbUXlpacy

]”­

m¥acyb‹…e`Yo[{zpWpqv[{‹•mosp[¾[v§Ž[{qvm”ecg©SblZxkWZmiybac‹…[~Y”d“S€‹oacybSVUXlpd“[{lnm~¿

‹…eˆmospa^mµmosZ[

Ð

[~Y\e qvYoeX‹o‹\SblZU¦xŽeXSbljm“ecg¥mosZ[«[~YoYoecY¬‹oSVUXlpacyŸSb‹±lpecm¬a˜§Ž[{qvm…[{z šjª|}™SVšpY\a^moSbeXlp‹“Sbl mosZ[

ecxpmoS€q~‹µšŽ[~g„ecYo[«mosZ[ÏY\[~g¶[~Yo[{lkqv[¤q~a¯}•Sbmwª

] ‡

sp[ÏzpSb‹\aczZ}˜acljmoa^Uc[¤ecg”mosZ[‚zZeXWZš’yV[•xkac‹o‹`d•e™zZ[¤Sb‹µmospa^m

mosZ[ÈškaclkzZ‰ŒSbzZmos–ecg²mosZ[È[~YoY\ecY•‹\SVUXlpacyTSb‹•ybSbd“Sbm…[{z•š•ª–mosZ[•q~a{}™SVm¼ª«ybS€lZ[~‰ŒSbzZmos´¿kac‹•g¶ecY”‹\SbzZ[¾ecg²g„Y\SblZUc[

yVe™qo½™SblZU¬m…e`mosZ[Èm…Y\aclp‹od±Sb‹o‹oSVeXl–ecg£mosZ[•q~a{}™SVm¼ª–g„Y\SblZUc[

] .

xpmoS€q~acy g„[~[{zZškacq\½Ïd“a¯ªÏacyb‹…e`e™q~q~WZY¥zpWZ[¾m…e

mosZ[¡Yo[~m…YoecYo[ �p[{qvm…[{z–šŽ[{acd Yo[~moWZY\lpS€lZUÈm…e•mosZ[¡ybac‹…[~Y•‹\Sblpqv[”Sbl`xpYtSblpq~SVxkyb[Œacybd•eX‹…mŒmosZ[¥[{lnmoSbYo[”acd•eXWpljm

ecgTxŽe¯‰©[~YŒWp‹…[{z•g¶ecY•g„Yo[{h•WZ[{lpqvª`‹…moa^škSby€Sb‹oa^moSVeXl`q~acl•Y\[~moWZY\l`m…e“mosZ[”y€ac‹…[~Y

]

‡

sZ[–q~a^xpmoWZY\[–Y\aclZUc[Ïecg•mosZ[Ï‹oS€lZUXyV[¹xkac‹o‹µd•e™zZ[–Sb‹“Wpx m…e spacybgimosp[•g¶Y\[~[Ï‹…xŽ[{qvm…Y\acyŒY\aclZUc[•ecg

mosZ[“q~a¯}•Sbmwª

]±Î

e¯‰©[~}c[~Y{¿³mosZ[
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q~a¯}•SVmoSb[{‹”Wp‹…[{z¤m…e–‹omoa^škSbybSb‹o[¡mosZ[“ybac‹o[~Y\‹”Sbl«mosZ[•[v—™xŽ[~Y\Sbd•[{ljm¥a^Yo[

lZeXlZuwqveXlZg¶e™q~acy ¿jYo[{zpWpq~SblpU¥mosZ[Œq~a^xpmoWZY\[•Y\aclZUc[•m…e¾spacyVg®ecgŽmosZ[ŒzpSb‹omoaclpqv[•šŽ[~mw‰©[~[{l“mosZ[

‡ ��Í

, ,

d•e™zZ[

aclpz`mosp[•lp[v—•mœ[~}c[{l¹d•e™zZ[c¿Za^xpxpYoe¯—™S€d“a^m…[{yVªµaÈh•Wpa^Yom…[~Y›ecg³a°g„Yo[~[¥‹…xŽ[{qvm…Y\acyŽY\aclpUc[

]¢­

l`zZeXWZš’yV[Ÿx’ac‹o‹

d•e™zZ[¥mosZ[°q~a^xpmoWZYo[¥Y\aclpUc[¡Sb‹œYo[{zpWkqv[{z¹m…e±a^xpxpY\e{—ZSbd“a^m…[{yVª¬mosZ[”q~a{}™SVm¼ª•ybSblZ[~‰ŒS€zZmos

]

‡

sZ[”aczZ}^aclnmoa^Uc[¾ecg moskSb‹•d•[~mosZe™z`e¯}c[~Y•É

_•Î

yVe™qo½™SblZU“Sb‹œmoska^mŒlZe“[{yV[{qvm…Y\e^u»ecxpmoSbq”d•e™zpWpy€a^m…ecY•Sb‹

Yo[{h•WpSVY\[{z¡‹oSblkqv[²mosZ[©g¶Y\[{hjWZ[{lkqvª¥Yo[~g¶[~Y\[{lpqv[›Sb‹´xpY\e¯}™SbzZ[{z°šjª¥mosZ[©Yo[ �p[{qvm…[{zÈd“S€‹oacybSVUXlZ[{z°q~a{}™SVmwª¾d•e™zZ[{‹

]

‡

sp[”‹…[{lp‹oSVmoSb}•SVm¼ª“ecgT‹…xka^moSbacy•d•e™zZ[¥Sbljm…[~Yog„[~Yo[{lpqv[”yVe™qo½™SblZU•Sb‹›‹oS€d“Sbyba^Y©m…e•mospa^m•ecgTÉ

_•Î

yVe•q\½•S€lZU•aclpz

zpS€‹…xkyba¯ª•‹œmosZ[”‹\acd•[”g„Yo[{hjWp[{lpqvªµY\[{‹…xŽeXlp‹…[

]

‡

sZ[²d“a

�

ecY zpS€‹oaczZ}^aclnmoa^Uc[�ecg•moS€yVm´yVe™qo½™SblZU•Sb‹ mospa^m SVm S€‹´spSVUXspybªŸ‹…[{lp‹\SVmoSV}c[¢m…eŒmosp[�ybac‹…[~Y acybSVUXlpd•[{ljm

Sbljm…e¾mosZ[¥q~a{}™SVmwªc¿kaclkzµsZ[{lkqv[•acljª“}™SVšpY\a^moSbeXlµSblµmosZ[iecxpmoSbq~acy®[{yV[{d•[{ljmo‹œšŽ[~mw‰©[~[{l¬mosZ[¥ybac‹…[~Y›aclpzµmosZ[

Yo[~g„[~Yo[{lpqv[°q~a{}™SVmwª¹m…Y\aclk‹oyba^m…[{‹•zpSbYo[{qvmoyVªµS€lnm…e“a“qtspaclZUc[¡S€l`mosZ[”[~YoYoecYŸ‹oSVUXlpacyŽg„YoeXd mosZ[¡q~a¯}•Sbmwª

]�‡

spSb‹

zZYta{‰•škacq\½•Sb‹•x’a^YomoSbacybyVª¬[{ybSbd±Sblpa^m…[{z¹š•ª¹Wp‹oSblZU•mosp[°zZeXWZš’yV[”xkac‹o‹Ÿd•e™zZ[”ecg¢ecxŽ[~Y\a^moSVeXl•¿®sZe¯‰©[~}c[~Y¥Sbl

mospS€‹°q~ac‹…[`mosZ[¬g„Yo[{hjWp[{lpqvª¸Yo[{‹…xŽeXlp‹o[±ecg•mosZ[¬[~YoYoecYÈ‹oSVUXlkacy�‹oWZ§®[~Y\‹¾zpWZ[µm…e¤mosZ[¬Wk‹…[µecgŒmosZ[¬q~a¯}•Sbmwª

m…Y\aclk‹od“Sb‹o‹\SVeXl`d•e•zp[

]

(a> �a>@= )+*-, D."SJ/� D.�gL	�#" (jD"LZH ,

�TSVUXWZY\[ŸÒ

] 6~Ê

‹\sZe¯‰Œ‹²mosZ[Œ[v—™xŽ[~Y\Sbd•[{ljmoacyp‹…[~moWpx±g„ecY²moSbyVm�yVe•q\½•S€lZU

] ­

m�q~aclµšŽ[•‹…[~[{lµmospa^m²mosZ[Ÿd“a

�

ecYtSVmwª

ecg¢mosZ[¡ecxpmoSbq~‹Œa^Y\[”mosZ[°‹\acd•[¡ac‹ŸmosZ[¡É

_•Î

yVe™qo½™SblZU“‹o[~moWZx´¿,�TSVUXWpYo[¡Ò

] *

¿’‰ŸSVmos¹mosZ[¡Ñ �|[{yV[{qvm…YoeXlkSbq~‹

šŽ[{SblZU±Yo[~xkybacqv[{zÏšjªÏaµh•WpaczZY\acljmŒx’sZecm…e•zkSVe•zp[”m…e¬d“[{ac‹oWZYo[¾mosZ[È‹…xka^moSbacy d•e•zp[¾Sbljm…[~Yog„[~Yo[{lpqv[

]i‡

sZ[

ecxpmoS€q~‹¹a^g¶m…[~Y•mosp[‚Yo[~g¶[~Y\[{lpqv[¸q~a{}™SVmwª a^Yo[¤eXlpybª Wp‹…[{z Sbl mosp[¤zpeXWZškyV[«xkac‹o‹¹d•e™zZ[¤ecg¾ecx®[~Yta^moSVeXl•¿

ecmosZ[~Y\‰ŒSb‹…[¥mosZ[~ª¹a^Yo[¥Y\[~xkybacqv[{z¹š•ª¬a±q~acd•[~Y\a±aclkz`xksZecm…e™zpSVe™zZ[¥ac‹ŒSbl �TSVUXWZY\[¡Ò

] *

‡

sZ[µ‹oS€lZUXyV[“xkac‹\‹¡[~YoY\ecY¾‹oSbUXlpacy£ecšpmoacS€lZ[{z¦Wp‹\SblZU

6~ÊcÊ���)

ecg•ybSVUXsjm°Sb‹°‹osZe¯‰Ÿl Sbl �TSVUXWZYo[`Ò

] 606^]

‡

sp[µm…ecx|‹oq~acl ‹osZeŠ‰Œ‹¾mosZ[`ybSVUXsjm°m…Y\aclk‹od“SVm…m…[{z mosZYoeXWZUXs mosZ[¹q~a{}™SVm¼ª ac‹Èa«g„WplkqvmoSVeXl¸ecgŸmosZ[¬y€ac‹…[~Y
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�TSVUXWZY\[¾Ò

] 6~Ê �Ÿ‡

SbyVmŒyVe™qo½™SblZUµ[v—•xŽ[~Y\S€d•[{lnmoacy³‹…[~moWZx

] .

xpmoS€q~‹Œa^g„m…[~YiY\[~g¶[~Yo[{lkqv[Èq~a¯}•Sbmwª–a^Yo[¾eXlpyVª•Wk‹…[{z

Sbl¹zpeXWZškyV[•xkac‹o‹Œd•e•zp[c¿pSbl¹‹oSblZUXyb[Ÿxkac‹\‹•d•e™zZ[¥mosZ[~ª`a^Yo[”Yo[~xky€acqv[{z`šjª¹aÈxksZecm…e™zpSVe™zZ[¥aclpz¹q~acd•[~Yta

]

g„Yo[{h•WZ[{lpqvªc¿pmosZ[¥šŽecm…m…eXd ‹oq~acl–‹ospe¯‰Œ‹›mosp[”‹oSblZUXyV[•xkac‹\‹›moSbyVm•yVe™qo½¬[~YoYoecYŸ‹oSVUXlpacy

]

­

m�q~acl±šŽ[Œ‹…[~[{l“moska^m�a”Uce•e™z±zpSb‹ox®[~Yt‹oSVeXlÈ‹ospa^xŽ[{zÈ[~YoYoecY©‹oSVUXlpacykSb‹¢ecšpmoacSblp[{z±a^m²mosp[•g¶Y\[{hjWZ[{lkq~SV[{‹

‰Œsp[~Yo[±mosZ[`ybac‹…[~YÈSb‹°Yo[{‹…eXlpacljm¾‰ŒSVmos mosZ[

‡ �©Í

,

i

d•e™zZ[±ecgŒmosZ[¬q~a¯}•Sbmwªc¿£mosZ[`yba^YoUc[¬xŽ[{a^½•‹¾Sbl¦mosZ[

m…Y\aclk‹od“SVm…m…[{zÏybSVUXsjm

] �

a^YoUc[¾x®[{a^½™‹ŒS€l•mosZ[°moSbyVmŒyVe™qo½¹‹oSbUXlpacy a^Yo[¾acyb‹…eµ}•Sb‹\SVškyV[•‰ŒsZ[{l–mosZ[°y€ac‹…[~YŸSb‹ŒeXl

Yo[{‹oeXlpaclpqv[²‰ŸSVmos”ecmosZ[~YTq~a{}™SVm¼ª¡d•e™zZ[{‹~¿˜[~}c[{l°mospeXWZUXs”eXlpybª•aŸ‹od“acybynacd•eXWpljm ecgpybSVUXsjm Sb‹ m…Y\aclp‹od±SVm…m…[{z

mosZY\eXWZUXs¹mosZ[”q~a¯}•SVm¼ª

]

‡

sZ[•sZ[{SVUXsjmiaclpz«e^§•‹…[~m¥ecg²mosp[Èd±acSbl–xŽ[{a^½™‹¥SblÏmosZ[ÈmoSbyVm•yVe•q\½Ï‹oSbUXlpacy ‰©[~Yo[Èecšk‹…[~Y\}c[{z¤m…e¹}˜a^Yoª

‰Œsp[{lZ[~}c[~Y“mosZ[•šŽ[{acd acy€SVUXlpd•[{ljm•Sblnm…e‚mosp[–q~a{}™SVmwª|qtspaclZUc[{z•¿œg„ecY“[v—™acd“xkyV[•zpWZ[¹m…e d•[{q\spaclkSbq~acy

}™SVšpY\a^moSbeXl•ecY•Yo[{yba˜—Za^moSVeXlÏecg£mosZ[°d±SVYoYoecY\‹ŸSbl•mosp[°šŽ[{acd xka^mos–m…e`mosZ[¾q~a{}™SVmwª

]”‡

spSb‹•‹…[{lk‹oSVmoSV}™SVmwª`ecg

mosZ[•[~YoY\ecYœ‹\SVUXlpacy’eXl`mosZ[•š®[{acd acybSbUXlpd•[{ljm�xpY\[~}c[{lnm…[{z`moSbybm©yVe™qo½™SblZU°šŽ[{SblZUÈWp‹…[{z¬ac‹œmosZ[•g¶Yo[{h•WZ[{lpqvª

‹…moa^š’SbybSb‹oa^moSbeXl d•[~mospe•zˆg„ecY•mosZ[•Ò

7

Ò^lpdfybac‹…[~Y

]¦­

m•Sb‹¾xpYoecš’a^škyV[±moska^m“a«d“ecYo[¹‹…moa^škyV[¹yVe™qo½¦qveXWkybz
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