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B() 5)6)&) 28+)/*C*7) *D* 4�/*47*9�/*E'' 4

(/*(<*.4*0*6,7)C*9>/8:�(4*(5)4'%'(,(45)'.�
7,-,/)%;,+,F*7'?,0/GF7,%(*9:�(2/,%'.0,7H'-G�
/)E'''5(/*1,0/GF7,%(*9I6+?0,(,/81,(4*(2*%�
0,7*&*7:�+?,%()+<7810,7H'-G/)E'9,0)584)*(%?I
&(,.)0%'.)+<7894,5.,F789,(4*(=4,%*.<I)4,�
,2D* ,(4*( .,F*( 28(< ' +J28. .*7<C'. &'%+,.I
0/,.*%*.':
� 5)6)&*�;,++,7'? 4%* ,0/GF7,%('I 0)%)JD'*%?

(/*1 6)7781I.,F7,7)9(' ?47,:�);/'.*/I.,F7,
;,%(/,'(< ()0'* ,0/GF7,%(' % ;,.,D<J E'/0G+? '
+'7*90':�67)0,42,+<C'7%(4*6/G-'15)6)&'%&'%+'�
(*+<7,9 -*,.*(/'' .,F7, 7)9(' &'%+, ,23*0(,4 %
5)6)778.'-*,.*(/'&*%0'.%4,9%(4).'I7*7)1,6?;/'
>(,.%).',23*0(8:�)%(,6)F*284)*(I&(,7)9('?47,
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%H,/.G+'/,4)(<'6,0)5)(<4/).0)1'%&'%+'(*+<7,9
-*,.*(/'':

�6*4?(7)6E)(,.4*0*'%&'%+'(*+<7)?-*,.*(/'?28+)
,67,9 '5 %).81 ;,;G+?/781 ,2+)%(*9 .)(*.)('0':
�8+,/*C*7,.7,F*%(4,0,70/*(7815)6)&I)I0/,.*
(,-,I7*.*E0'9.)(*.)('0�*/.)7�G2*/(/)5/)2,()+
*6'789 >HH*0('4789 .*(,6I ;,54,+?JD'9 /*C)(<
5)6)&''%&'%+'(*+<7,9-*,.*(/''%/*6%(4).')+-*2/8:
�G2*/(7)54)+%4,9.*(,6�������	�����������I7,
(*;*/< .*(,6�G2*/() &)D* 7)584)J( �������	���
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%;,%,2,4 48(*0)*( '5 5)6)&' L: �8 F* /)52*/*.
/*C*7'*�G2*/():�/'>(,.7)%2G6G('7(*/*%,4)(<
(,+<0, (* 0,7H'-G/)E'' '5 &*(8/*1 ;/?.81I 6+?
0,(,/81,(4*(0,7*&*7';/'>(,..)0%'.)+*7:�0)58�
4)*(%?I&(,*%+'&G(<�&G(<;,64'-)(<;/?.8*4()0,9
0,7H'-G/)E''I (, ,(4*( 7* '5.*7'(%?: B(, ,6'7 '5
HG76).*7()+<781;/'7E';,4'%&'%+*7'?�G2*/()=
���	&�������
	�	�������
:�,+<5G?%<>('.;/'7E'�
;,.I.,F7,5).*7?(<,67G0,7H'-G/)E'J;/?.817)
6/G-GJI2,+**G6,27GJ:�7)&)+).8;,57)0,.'.%?%
;/'7E';,.%,1/)7*7'?&'%+)42,+**;/,%(,.%+G&)*I
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%(*;*7'�%4*D*%(4*778.'0,>HH'E'*7().' �I I �) )… I
-6* ��) ≠ : �0,+<0, (,&*0 ;*/*%*&*7'? G -/)H'0)
HG70E'' ( )* ' (= M,%<J(NB(,(4,;/,%>04'4)+*7�
(*7 4,;/,%G , (,.I %0,+<0, 4*D*%(4*77810,/7*9G
.7,-,&+*7) ( )' ( I7,6+?7)-+?67,%('.82G6*./'�
%,4)(< -/)H'0HG70E'':�)4)9(* &G(<�&G(< ;,C*4*�
+'. -/)H'0 HG70E'' ( )* ' (= I ) '.*77,I 5).*7'.
.7,-,&+*7 ' 7) .7,-,&+*7 ' + ε I -6* ε  = 4*D*%(�
4*77,* &'%+,I 2+'50,* 0 7G+J: �5.*7'(%? +'
&'%+,(,&*0;*/*%*&*7'?I*%+'4.*%(,-/)H'0)HG70�
E'' ( )* ' (=  /)%%.,(/*(< -/)H'0 HG70E''

( )* ' (= + εN

'%G7,0 � ;,0)584)*(I &(, .,F*( ;/,'5,9('I 6+?

(/*1 .7,-,&+*7,4 ( ) O
� �' ( (= − I ( ) O

O �' ( (= +  '
( ) O

P' ( (= :�1-/)H'0'7)/'%,4)780/)%78.E4*(,.:
�'7'.E4*(,.7)/'%,4)78-/)H'0'HG70E'9 �' + ε I
O' + ε ' P' + ε 6+?ε Q�IP:�/,.*(,-,I5*+*78.E4*(,.
7)/'%,4)78-/)H'0'HG70E'9 �' − ε I O' − ε ' P' − ε :
�).*('.I&(,&'%+,(,&*0;*/*%*&*7'?-/)H'0)HG7�

0E'' �' 7*.*7?*(%?;/';/'2)4+*7'''+'48&'()7''
ε @&'%+,(,&*0;*/*%*&*7'?/)47,OA:�,F*4*/7,'
6+? O' @&'%+,(,&*0;*/*%*&*7'?/)47,7G+JA:�67)�
0,6+? P' &'%+,(,&*0;*/*%*&*7'?.*7?*(%?K-/)H'0
HG70E'' P'  ;*/*%*0)*( ,%< ( 4 ,67,9 (,&0*I (,-6)
0)0-/)H'0HG70E'' P' − ε =464G1I)-/)H'0HG70�
E'' P' + ε  = 7' 4 ,67,9:�/'&*. +*-0, ;/,4*/'(<I
&(,%'(G)E'?7*.*7?*(%?I0)028.87'G.*7<C)+'
ε :�&*./)57'E).*F6G.7,-,&+*7).' �' I O' ' P' N
�,&*.G;/'7E';%,1/)7*7'?&'%+)48;,+7?*(%?6+?
�' ' O' I7,7*48;,+7?*(%?6+? P' N
)57'E)4'67)7)
/'%G70* �K -/)H'0 HG70E'' P'  0)%)*(%? ,%' (I )
-/)H'0' HG70E'9 �'  ' O'  = 7*(: �78.' %+,4).'I
(,+<0, .7,-,&+*7 P'  '.**( 0/)(789 0,/*7<: �).*�
('.I &(, (,&0) 0)%)7'? 6)F* ;/'.)+,.C*4*+*7''
-/)H'0).,F*(/)%;)%(<%?7)64*(,&0';*/*%*&*7'?
'+'I7),2,/,(I'%&*57G(<:
�0)584)*(%?I6+?.7,-,&+*7,4%;/)4*6+'4%+*6GJ�

D'9;/'7E';%,1/)7*7'?&'%+):
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781 0,/7*9I ;,%0,+<0G ()0'* .7,-,&+*78 0/)(781
0,/7*97*'.*J(:
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�����������,0)F'(*I&(,4*D*%(4*7789.7,-,&+*7
%(*;*7'�7*.,F*('.*(<2,+**&*.�4*D*%(4*77810,/7*9:
�/'4*6'(* ;/'.*/ 4*D*%(4*77,-, .7,-,&+*7) %(*;*7' �I
'.*JD*-,/,47,�0,/7*9:

�+?6,0)5)(*+<%(4);/'7E';)7GF7,'%;,+<5,4)(<
(,I &(, -/)H'0 HG70E'' ( )* ' (=  4 (,&0*

( )( )� �I) ( ' (= 1,/,C,;/'2+'F)*(%?0)%)(*+<7,90
-/)H'0G4 (,&0*):�);/'.*/I7)/'%G70*O 4 (/*1
/)5781 .)%C()2)1 '5,2/)F*78 -/)H'0 HG70E''

O�

O
* ( (= + @0/)%7)?+'7'?A'0)%)(*+<7)?07*.G4

(,&0* @�IR�A: �'67,I &(, &*. 2,+<C* .)%C()2I (*.
+G&C*-/)H'0;/'2+'F)*(%?0)%)(*+<7,9:�G%(<(*�
;*/<)=,67)'5(,&*0;*/*%*&*7'?-/)H'0) ( )* ' (=
% ,%<J (: �,%0,+<0G -/)H'0 7* 0)%)*(%? ,%' (I (,
0)%)(*+<7)?4(,&0*)7*-,/'5,7()+<7)I)I%+*6,4)(*+<�
7,I?4+?*(%?-/)H'0,.%(/,-,G284)JD*9'+'%(/,-,
4,5/)%()JD*9+'7*97,9HG70E'':�,>(,.G(,F*4*/�
7, ' 6+? ( )' (  ;/' (I 2+'50,. 0 )I ' HG70E'? '
;/'7'.)*( 0)F6,* 57)&*7'*I 6,%()(,&7, 2+'50,* 0
7G+JI/,47,,6'7/)5:�&)%(7,%('I;/'.)+*7<0,. ε
7)96*(%?/,47,,67)(,&0))′ I2+'50)?0)I()0)?&(,

( )' )′ = −ε :�*.%).8.I0)F6,.G0,/7J).7,-,&+*7)
' %,,(4*(%(4G*( /,47, ,6'7 0,/*7< )′  .7,-,&+*7)
' + ε :
�,1,F'.' /)%%GF6*7'?.' .,F7, 6,0)5)(< 2,+**

,2D**G(4*/F6*7'*:
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'5.*7'(<0)F689'50,>HH'E'*7(,4.7,-,&+*7)I(,
&'%+,*-,0,/7*97*'5.*7'(%?:B(,(;/'7E';%;/)4*6�
+'4()0F*6+?0,.;+*0%781.7,-,&+*7,4'6+?&'%+)
'10,.;+*0%7810,/7*9:�57*-,.,F7,484*%(',%7,4�
7GJ(*,/*.G)+-*2/8:
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�+?'++J%(/)E''%7)&)+)/)%%.,(/'.%+G&)94*D*�
%(4*778104)6/)(781.7,-,&+*7,4:�G6*.'5,2/)F)(<
.7,-,&+*784'6) O' ( 3( 4= + + (,&0).'%0,,/6'7)�
().'( )I3 4 7);+,%0,%(':�,-6).7,-,&+*78I'.*JD'*
0/)(78*0,/7'I2G6G(+*F)(<7)6'%0/'.'7)7(*I(:*:7)

;)/)2,+*
O

S

3
4 = @>(,%+*6G*('5H,/.G+86+?0,/7*9

04)6/)(7,-, G/)47*7'?A:�'%0/'.'7)7( 6*+'( ;+,%�
0,%(< 7) 64* 0,.;,7*7(8 @2*+)?'F*+()? &)%('7)
/'%G70*PA:�).*('.I&(,4%*.7,-,&+*7840)F6,9'5
0,.;,7*7('.*J(,6'7)0,4,*&'%+,7G+*9:�*9%(4'�
(*+<7,I+J28*64*(,&0'I%0)F*.I4F*+(,90,.;,7*7(*
.,F7,%,*6'7'(<;G(*.I7*;*/*%*0)JD'.6'%0/'.'�
7)7(:�/'7*2,+<C'1;*/*64'F*7'?146,+<>(,-,;G('
&'%+,0,/7*9%,1/)7?*(%?I;,>(,.G,7,%,1/)7?*(%?'
7)4%*.;G(':�)0'.,2/)5,.+*-0,6,0)5)(<I&(,4%*
.7,-,&+*78 4 F*+(,9 0,.;,7*7(* '.*J( /,47, 64)
4*D*%(4*77810,/7?=6,%()(,&7,7)9('&'%+,0,/7*9
,67,-,�*6'7%(4*77,-,.7,-,&+*7)'5F*+(,9,2+)%('I
7);/'.*/ .7,-,&+*7) ( )�( ( − : �7)+,-'&7,I .,F7,
;/,4*/'(<I&(,4%*.7,-,&+*7842*+,90,.;,7*7(*7*
'.*J(4*D*%(4*77810,/7*9:�'%+,0,/7*9.7,-,&+*�
7,442*+,90,.;,7*7(*.,F*(,(+'&)(<%?@'6*9%(4'�
(*+<7, ,(+'&)*(%?A ,( &'%+) 7G+*9 .7,-,&+*7,4 4
F*+(,90,.;,7*7(*I;,(,.G&(,'52*+,90,.;,7*7(8
7*+<5?;/,9('4F*+(GJI7*;*/*%*0)?6'%0/'.'7)7(:
�0)584)*(%?I;,1,F**/)%%GF6*7'*40,.;+*0%7,.

%+G&)*6,0)584)*(,%7,47GJ(*,/*.G)+-*2/8:�0)&*�
%(4*;/'.*/)%7,4)/)%%.,(/'.04)6/)(78*.7,-,&+*�
78I ) '.*77,I .7,-,&+*78 4'6) O( )+ I -6* ) =
0,.;+*0%7,* &'%+,: �G6*. '5,2/)F)(< .7,-,&+*7
O( )+ (,&0,9)7)0,.;+*0%7,9;+,%0,%(':�/'>(,.

6'%0/'.'7)7(I(:*:.7,F*%(4,.7,-,&+*7,4%0/)(78�
.' 0,/7?.'I 2G6*( %,%(,?(< '5 ,67,9�*6'7%(4*77,9
(,&0')Q�:�).*('.I&(,6'%0/'.'7)7(4>(,.%+G&)*
7* 6*+'( ;+,%0,%(< 7) /)578* 0,.;,7*7(8I ()0 0)0
+J28* 64* (,&0'I ,(+'&78* ,( 7)&)+) 0,,/6'7)(I

.,F7,%,*6'7'(<;G(*.I7*;/,1,6?D'.&*/*57)&)+,
0,,/6'7)(: � &)%(7,%('I .7,-,&+*7 O �5 +   '.**(
%(,+<0, F* 0,.;+*0%781 0,/7*9I %0,+<0, ' .7,-,�
&+*7 O �5 − I ;,%0,+<0G '5 (,&0' � .,F7, ;/,9(' 4
(,&0G =�I 7* 5)1,6? 4 7)&)+, 0,,/6'7)( @/'%:SA:

�).*('.I &(, *%+' /)5/*C'(< 64'-)(<%? (,+<0, ;,
4*D*%(4*77,9;/?.,9@(:*:/)%%.)(/'4)(<(,+<0,4*�
D*%(4*778*57)&*7'?;)/).*(/))AI(,,2,9('7)&)+,
0,,/6'7)( 7*+<5?:� >(,. 0+J&*4)? /)57'E).*F6G
0,.;+*0%78.%+G&)*.'4*D*%(4*778.K40,.;+*0%�
7,.%+G&)*6'%0/'.'7)7(4%*-6).,F7,,2,9(':
������� &� 6��������,� ���� �	�����	� ( )' ( =
P( 3( 4= + + ���������
�	�������	�����
���������

���
,����
� P O73 084 9+ =  

):�/��
����,���������� P O73 084 9+ ≠ ,�����	���
���	�'����������	���������
�	���
����	�����������
�	������	� 
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����	��

�/'4)?I5)6)77)?G/)47*7'*. P OS O� �3 4+ = 7);+,%�

0,%('%0,,/6'7)().'( )I3 4 I7)584)*(%?������"�����
�����
�
"����:�7)'5,2/)F*7)7)/'%G70*L:

��������������������	������
�����
���������� �!�� �"

����#����$��%������&����������'����&�����(���	�)���	�*�+
��	���'��(���	�)
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�*;*/<4*/7*.%?05)6)&*O:�6*?�G2*/()=4.*%(,
&*(8/*1;,;)/7,%0/*D'4)JD'1%?;/?.81/)%%.,(�
/*(<%+*6GJD'9%;*E')+<789%+G&)9K;/?.8* �; ' O;
;*/*%*0)J(%?I';/?.8* P; ' S; =(,F*@7)/'%G70*T
>('&*(8/*;/?.8*7)/'%,4)78%'7'.E4*(,.A:�G%(<

;/?.8* �; ' O; ;*/*%*0)J(�
%?4(,&0*):�,-6),7'+*�
F)(4,67,9;+,%0,%('I0,�
(,/GJ.8,2,57)&'.&*/*5
<:�,&0G;*/*%*&*7'?;/?�
.81 P; ' S; ,2,57)&'.&*/*5
)′ I)%,6*/F)DGJ'1;+,%�
0,%(< = &*/*5 <′ : �*-0,
;/,4*/'(<I &(, /,47, 64*
;/?.8*;*/*%*0)J(4%*&*�
(8/*;/?.8* �; I O; I P; ' S; K
;/?.)?I;/,1,6?D)?&*/*5
(,&0')')′I';/?.)?;*/*�

%*&*7'? ;+,%0,%(*9< ' <′  @7) /'%G70* T >(' 64*
;/?.8*7)/'%,4)780/)%78.E4*(,.A:�,7*&7,I.,F*(
,0)5)(<%?I&(,;/?.)?;*/*%*&*7'?;+,%0,%(*9<'<′
;)/)++*+<7)I%0)F*.I;/?.,9 �; I7,()0)?%'(G)E'?
'%;/)4+?*(%?7*2,+<C'.;,4,/,(,.;/?.,9 �; 4;+,%�
0,%(' < @,(7,%'(*+<7, (,&0' )AI ;,>(,.G ?4+?*(%?
%+'C0,.48/,F6*77,9:
�,I&(,%;*E')+<789%+G&)96)%((,(F*,(4*(I&(,'

,2D'9I�G2*/(7*,2,%7,484)+I';,>(,.G*-,%,4/*�
.*77'0'7*,67,0/)(7,;8()+'%<G+'&'(<*-,I;/'4,6?
;/'.*/8I40,(,/8148/,F6*7789%+G&)96)*(7*4*/�
789,(4*(@,6'7'5()0'1;/'.*/,4H'-G/'/,4)+7)
/'%G70* �A: �67)0, 4, 4%*1 48&'%+*7'?1�G2*/()
,(4*(;,+G&)+%?;/)4'+<78.I(:*:*-,0,7H'-G/)E''
1,(?'28+'%;*E')+<78.'I7,7*28+'48/,F6*778�
.':�)4'6�'+<2*/(40+J&'+;/,2+*.G,2,%7,4)7'?
48&'%+*7'9�G2*/()4%4,957).*7'(89%;'%,0;/,�
2+*.;,67,.*/,.�L:�,;8(0'/*C'(<>(G;/,2+*.G
%;,%,2%(4,4)+'/)54'('J7*0,(,/814)F7817);/)4�
+*7'9%,4/*.*77,9.)(*.)('0'I()0'10)0
��"�
��
����
����������:�(*1;,/.*(,68�G2*/()28+'
&)%('&7,,2,%7,4)78%;,.,D<J���������������	��
@;,%+*67??'28+)%,56)7)4,.7,-,.6+?(,-,I&(,28
H,/.)+'5,4)(< '%&'%+*7'*�G2*/()AI 7, 4 ;,+7,.
,23*.*�L�?;/,2+*.)�'+<2*/();,0)7*/*C*7):
�)4)9(*;,;/,2G*.,2,%7,4)(</)%%GF6*7'*�G2*/�

():�).7GF7,;/,4*/'(<I&(,0,7H'-G/)E'?7)/'%G7�
0*T7*%+'C0,.48/,F6*77)?I(:*:;/'.)+81C*4*+*�
7'?1,(4*(7*.*7?*(%?:�);/'.*/I6)4)9(*;,C*4*+'.
7*.7,-,;/?.GJ �; ()0I&(,287,4)?;/?.)? �;′ GF*7*
;*/*%*0)+);/?.GJ O; :�,+G&'.7,4GJ0,7H'-G/)E'J
'5&*(8/*1;/?.81 �;′ I O; I P; ' S; @7)/'%G70*�;/?.)?

�;′ 7)/'%,4)7)5*+*78.E4*(,.A:�*%+,F7,;/,4*/'(<I
&(, ;,�;/*F7*.G /,47, 64* ;/?.8* ;*/*%*0)J( 4%*
&*(8/*;/?.8*7,4,90,7H'-G/)E'':�*9%(4'(*+<7,I
*%+';/?.)?;;*/*%*0)*(;/?.8* P; ' S; I(,,7)+'2,
;/,1,6'(&*/*5(,&0G)′ I+'2,+*F'(4;+,%0,%('<′ :
�;*/4,.%+G&)*,7),2?5)7)+*F)(<0)04;+,%0,%('I
%,6*/F)D*9(,&0G)′ ';/?.GJ �;′ I()0'4;+,%0,%('I
%,6*/F)D*9(,&0G )′ ';/?.GJ O; I)%+*6,4)(*+<7,I

%,4;)6)*(%;/?.,9;*/*%*&*7'?>('164G1;+,%0,%(*9:
�,4(,/,.%+G&)*;/?.)? ;6,+F7);/,1,6'(<&*/*5
(,&0';*/*%*&*7'?;/?.81 �;′ ' O; %;+,%0,%(<J<′ I&(,
(,F*,;/*6*+?*(;/?.GJ,67,57)&7,@%.:/'%:�A:
�* F* /)%%GF6*7'? ;,0)584)J(I &(, *%+' 4.*%(,

;/?.,9 �; ;,C*4*+'(<+J2GJ6/G-GJ;/?.GJ4'%1,6�
7,90,7H'-G/)E''I(,,(4*(;,�;/*F7*.G7*'5.*7'(�
%?:�*.%).8.I'%1,67)?0,7H'-G/)E'?7*%+'C0,.
48/,F6*77)?=6+?7**48;,+7?*(%?;/'7E';%,1/)7*�
7'?&'%+):

� �� �����
7����*�

�,0).8,21,6'+'%<-*,.*(/'&*%0'.'/)%%GF6*7'?�
.'I ) (*;*/< ,2%G6'. )+-*2/)'&*%0GJ &)%(< .*(,6)
�G2*/():�/*'.GD*%(4,)+-*2/)'&*%0,-,.*(,6)4*-,
G7'4*/%)+<7,%(' = ,7 /)2,()*( ' 4 2,+** %+,F781
5)6)&)1I-6*-*,.*(/'&*%0,9'7(G'E''GF*7*14)()*(:
�;/*6*+'.������� =σ 7);/?.GJ;()0'.,2/)5,.K

G%+,4'* =σ 48;,+7*7,I*%+';/?.)?;;*/*%*0)*(H'0�
%'/,4)77GJ;/?.GJ =; :�%+,4'?.,F7,%0+)684)(<'
G.7,F)(<: �,6 %G..,9 7*%0,+<0'1 G%+,4'9 2G6*.
;,7'.)(<48;,+7*7'*1,(?28,67,-,'5G%+,4'9@(,I
&(,4+,-'0*7)584)*(%?���>%	�&���AI);,6;/,'54*�
6*7'*.=48;,+7*7'*4%*1G%+,4'9,67,4/*.*77,@(:*:
��	>%	�&�%A: �,-6)I %0)F*.I G%+,4'* � Oσ + σ  *%(<
G%+,4'*;*/*%*&*7'?% �; '+' O; I)48;,+7*7'*G%+,4'?
� Oσ ⋅ σ /)47,%'+<7,;*/*%*&*7'J%,2*'.';/?.8.' �;

' O; :�%+,4'*;*/*%*&*7'?;/?.,9;%,4%*.'&*(8/<.?
;/?.8.' �; I O; I P; I S; =>(,G%+,4'* � O P Sσ ⋅ σ ⋅ σ ⋅ σ :
�*-0,;/,4*/'(<I&(,%+,F*7'*'G.7,F*7'*G%+,4'9
G6,4+*(4,/?*(,28&78.%4,9%(4).%+,F*7'?'G.7,�
F*7'?I()0'.0)0;*/*.*%('(*+<789I%,&*()(*+<789'
/)%;/*6*+'(*+<7895)0,78:
�/G-'*;/'.*/8G%+,4'97);/?.GJ;.,F7,;,+G�

&'(<I/)%%.)(/'4)?45)'.7,*/)%;,+,F*7'*;/?.,9;'
H'0%'/,4)77,9(,&0')'+';+,%0,%('<:�);/'.*/I
G%+,4'* )ρ 48;,+7*7,I*%+';/?.)?;%,6*/F'((,&0G
)I)G%+,4'* <τ 48;,+7*7,I*%+';/?.)? ;+*F'(4
;+,%0,%('<:�/,.*(,-,I*%+' ) <∈ I(,.,F7,/)%�
%.,(/*(< G%+,4'* I) <ϕ I 0,(,/,* 48;,+7?*(%?I *%+'
;/?.)?;,67,4/*.*77,+*F'(4;+,%0,%('<'%,6*/�
F'( (,&0G ): �, ,;/*6*+*7'J G.7,F*7'? G%+,4'9I

I) < ) <ρ ⋅ τ = ϕ :
�%+'G%+,4'Jξ G6,4+*(4,/?*(+'C<0,7*&7,*&'%+,

;/?.81I(,.82G6*.,2,57)&)(<>(,&'%+,&*/*5 ξ :
�*;*/< +J2)? 5)6)&) '%&'%+'(*+<7,9 -*,.*(/''I 4
0,(,/,9 /*&< '6*( , &'%+* ;/?.81I 7)1,6?D'1%? 4
5)6)77,.45)'.7,./)%;,+,F*7''%H'0%'/,4)778.'
(,&0).'I;/?.8.''+';+,%0,%(?.'I.,F*(28(<;*/*�
H,/.G+'/,4)7)0)048&'%+*7'*7*0,(,/,-,;/,'54*�

����-�����%�����'.���&��.
$������/&����

����0��1������/&����

� � � � � � � � � � � � � � � � �  ! � � " � � �
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6*7'? G%+,4'9: �);/'.*/I 5)6)&) , (,.I %0,+<0,
;/?.81;/,1,6'(&*/*564*/)5+'&78*(,&0' �) ' O)
= >(, 5)6)&) , 48&'%+*7'' ;/,'54*6*7'? � O) )ρ ⋅ ρ :
�,%0,+<0G&*/*564*/)5+'&78*(,&0';/,1,6'(/,47,
,67);/?.)?I;,+G&)*. � O �) )ρ ⋅ ρ = :

��
�����������)H'0%'/G*.(,&0G)I;/?.8* �; ' O; '
;+,%0,%(' �< ' O< 4,2D*.;,+,F*7''@(:*:(,&0)7*+*F'(
7'4,67,9'5;/?.81'+';+,%0,%(*9I;/?.8*7*%,4;)6)J(
'7*+*F)(4;+,%0,%(?1'(:6:A:�/,4*/<(*I&(,

� O
�< <τ τ = I

�
�) <ρ ⋅ τ = I

� O
�) ; ;ρ ⋅ σ ⋅ σ = I

� O
�< ; ;τ ⋅ σ ⋅ σ = :

�82G6*.%&'()(<64)G%+,4'?/)478.'I *%+''.
G6,4+*(4,/?J(,67''(*F*;/?.8*:�);/'.*/I*%+'
;/?.8* �; ' O; ;*/*%*0)J(%?4(,&0*)I(,,&*4'67,
48;,+7?*(%?()0,*(,F6*%(4,K

� O; ; ) <σ ⋅ σ = ρ + τ I@�A

-6* < = ;+,%0,%(<I %,6*/F)D)? ;/?.8* �;  ' O; :
�+J&*4)?'6*?�G2*/()=5).*7?(<,67'G%+,4'?7)
6/G-'*I;,+<5G?%<7*(,+<0,,(7,C*7'*./)4*7%(4)QI
7,'2,+**C'/,0'.,(7,C*7'*.>04'4)+*7(7,%(' ∼ :
�&)%(7,%('IG%+,4'?I0,(,/8.G6,4+*(4,/?*(+'C<
0,7*&7,*&'%+,;/?.81I*%(*%(4*77,%&'()(<>04'4)�
+*7(78.'I*%+'>(,&'%+,,67,'(,F*:�G6*.,2,57)�
&)(< &*/*5 υ  4%* G%+,4'?I 0,(,/8. G6,4+*(4,/?*(
/,47,,67);/?.)?@7);/'.*/IG%+,4'* �; ;= A:
�*;*/< ,;/*6*+'. ,(7,C*7'* >04'4)+*7(7,%(' 7)

G%+,4'?1
=;

σ I )ρ ' <τ I/)%%.,(/*778148C*I)'.*7�
7,I%0)F*.I&(,

� O; ;σ σ∼ 6+?+J28164G1;/?.81 �; '
O; :B(,6,4,+<7,*%(*%(4*77,*,;/*6*+*7'*I;,%0,+<0G
+J2GJ ;/?.GJ .,F7, ;*/*4*%(' 4 +J2GJ 6/G-GJ
64'F*7'*. ;/,%(/)7%(4): �7)+,-'&7,I ;,+,F'.

� O) )ρ ρ∼ 6+?+J28164G1(,&*0 �) ' O) '
� O< <τ τ∼ 6+?

+J28164G1;+,%0,%(*9 �< ' O< :�)0,7*EI;,+,F'.

� � O OI I) < ) <φ φ∼ I*%+' � �) <∈ ' O O) <∈ :�6)+<7*9C*..8
2G6*.,2,57)&)(<4%*G%+,4'?'5>('10+)%%,4>04'4)�
+*7(7,%(';/,%(,&*/*5σ Iρ I τ 'φ%,,(4*(%(4*77,I
,;G%0)? 7'F7'* '76*0%8: �67)0, ;/' 48&'%+*7''
4%*4,5.,F781;/,'54*6*7'9%σ Iρ Iτ 'φ.84%*-6)
2G6*.(/*2,4)(<I&(,28%,,(4*(%(4GJD'*;/?.8*I(,&�
0'';+,%0,%('7)1,6'+'%<4,2D*.;,+,F*7''@0)04
G;/)F7*7''OA:�);/'.*/I&(,2848&'%+'(< Oσ I7GF�
7,48&'%+'(<

� O; ;σ ⋅ σ 6+?64G1;/?.81 �; ' O; 4,2D*.
;,+,F*7''@4&)%(7,%('I � O; ;≠ A:B(,(/*2,4)7'*7*,2�
1,6'., 6+? (,-,I &(,28 44*6*77,* 7).' ,(7,C*7'*
>04'4)+*7(7,%('28+,%,-+)%,4)7,%G.7,F*7'*.:�5
G;/)F7*7'?O%+*6G*(I&(,

O Oρ τ υ∼ ∼ I �ρτ ∼ I O Oρσ τσ υ∼ ∼ :

�6*%<4)F7,I&(,;,6 Oρ .8;,6/)5G.*4)*.
� O) )ρ ⋅ ρ

6+? � O) )≠ I;,%0,+<0G;/' � O) )= .828;,+G&'+'

� O �) ) )ρ ⋅ ρ = ρ υ/∼ :


)4*7%(4, @�A 6+? 64G1 ;*/*%*0)JD'1%? ;/?.81
7)4,6'(7).8%+<I&(,6+?;/,'54,+<781;/?.81*%(<
>04'4)+*7(7,%(<

Oσ ρ + τ∼ :@OA

�,+<5G?%< >(,9 >04'4)+*7(7,%(<JI 7)96*.I %0,+<0,
;/?.81;*/*%*0)J(&*(8/*6)778*;/?.8*4,2D*.

;,+,F*7'':�+?>(,-,7)6,48&'%+'(< Sσ :�,.7,F'4
,2*&)%('>04'4)+*7(7,%('@OA7) Oσ I;,+G&'.

S O Oσ ρσ + τσ∼ :

�5G;/)F7*7'?O.857)*.I&(, O Oρσ = τσ I,(0G6)
S Oσ = : �*. %).8.I &'%+, ;/?.81I ;*/*%*0)JD'1

&*(8/*6)778*I/)47,64G.:
�(,285)4*/C'(<()2+'EGG.7,F*7'?G%+,4'9σ Iρ I

τ 'φI,%()+,%<%,4%*.7*.7,-,:

��
�����������/,4*/<(*I&(, σρ στ φ∼ ∼ ' σφ υ∼ :

�%&'%+*7'JG%+,4'9'*-,.7,-,&'%+*778.;/'+,�
F*7'?.00,70/*(78.5)6)&).'%&'%+'(*+<7,9-*,.*(�
/'' �G2*/( ;,%4?('+ E*+GJ 07'-G  UVWXYW Z[\
�]^V_W[`Z[`a[bc[d\e[!I'56)77GJ4�f��-,6G:�;G%�
(?%(,+*(07'-)�G2*/()28+)4;*/48*;*/*'56)7)I)
'7(*/*% 0'%&'%+'(*+<7,9 -*,.*(/'' 47,4< 48/,%=
,0)5)+,%<I&(,,7)4)F7)6+?�����������	I7,4,9
H'5'0,�.)(*.)('&*%0,9 (*,/''I ;/'54)77,9 *6'78.
,2/)5,.,23?%7'(<;/'/,6G4%*1H'5'&*%0'145)'.,�
6*9%(4'9:
�'()(*+< 7)4*/7?0) ,(.*('+ 7*6,%()(,&7GJ %(/,�

-,%(<7*0,(,/817)C'1/)%%GF6*7'9:�%,F)+*7'JI7)
>+*.*7()/7,.G/,47*;,+7,%(<J,2,%7,4)(<'%&'%+*�
7'*�G2*/()7*4,5.,F7,:�,+**%(/,-,*'5+,F*7'*
'%&'%+*7'?�G2*/().,F7,7)9('4%()(<*g�h:
�55)6)&'L.,F7,484*%('6/G-,*I2,+**>+*.*7()/�

7,*I/*C*7'*5)6)&'�G2*/():
������� '�/��
����,� ���� ������� ���������	��

������
	����,� �������
%$������� ���
�	�� ����$��
�
%$����� ������,� �
���
%�� ������	����,� �
�
	�
	�%���
�	�	���������	����
:@�)%).,.6*+*I()0)?
;,4*/17,%(<=+'2,,67,;,+,%(789-';*/2,+,'6I+'2,
-';*/2,+'&*%0'9;)/)2,+,'6:A
�,6/,27,%('.,F7,7)9('407'-*O:�GF7,'%;,+<�

5,4)(< (,I &(, 7) -';*/2,+,'6* *%(< 64) %*.*9%(4)
;/?.81:�%()('I>(,(H)0(;/'.*7?*(%?7*(,+<0,4
.)(*.)('0*I7,'4)/1'(*0(G/*@7);/'.*/I40,7%(/G0�
E''�G1,4%0,92)C7'A:

���(	)���*�
�*+
,

�:? @ �A;B=C)��)�D�E)��@).FGH iM_Y][\dMVWMYWYj:=k_[
lc[\eMV`mVd_[cVdeMVWmb`d_WnIo:��Ip��I���OIq:��T�=
��fO:
O:� �I��I�+-*2/)'&*%0)?-*,.*(/'?6+?4%*1:=�:K�'/I

����:
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�����#����������������������
����
0).'28+,;/*6%0)5)7,%GD*%(4,4)7'*7*,28&�
7814*D*%(4=������������������������:�G(<

;,5F*,7'28+',27)/GF*78>0%;*/'.*7()+<7,:B(' .)�
(*/')+8,2+)6)J(E*+8.7)2,/,.G6'4'(*+<781%4,9%(4I
;,6/,2789/)%%0)5,0,(,/815)7?+287*,6'76*%?(,0
%(/)7'E:�,>(,.G%*-,67?.8;,-,4,/'.+'C<,2,67,.I
7,40)0,.�(,%.8%+*-+)47,.I%4,9%(4*I%()4C*.4'5'(�
7,90)/(,&0,9(,;,+,-'&*%0'1'5,+?(,/,4K

�� ���$�� ��$����
� �������������� ��������
�����������J���������,�
����������	�����������
����J���������������� 

�/G-'.'%+,4).'I;,;,4*/17,%('6'>+*0(/'0)>+*0(�
/,7864'FG(%?()0F*%4,2,67,I0)04.*()++*:
�/'&'7,9 %(,+< %(/)77,-, ;,4*6*7'? >+*0(/,7,4

?4+?*(%?5);/*(,(/)F*7'?7)5)6:�>(,-,5);/*()I4
%4,J,&*/*6<I*%(<-+G2,0'*.)(*.)('&*%0'*;/*6;,�
%8+0'@,(0G6)2*/G(%?%).'.)(*.)('&*%0'*;/*6;,�
%8+0'I+G&C*7*5)6G.84)(<%?A:
� >(,9 %()(<* .8 ;,;/,2G*. /)5,2/)(<%?I ;,&*.G

>+*0(/,7I%0,+<5?D'9;,;,4*/17,%('(,;,+,-'&*%0,�
-,'5,+?(,/)I4%(/*('4C'%<%;/*;?(%(4'*.I7*.,F*(
,(%0,&'(<4,2/)(7,.7);/)4+*7'':�+?>(,-,/)%%.,(�
/'.7*%0,+<0,%+)2,%4?5)77816/G-%6/G-,.%JF*(,4
'5/)5781,2+)%(*9H'5'0''.)(*.)('0':�/'%.,(/'�
(*%<47'.)(*+<7,00)F6,.G0G%,&0G>(,9-,+,4,+,.�
0'I'48G4'6'(*I0)0,7'%0+)684)J(%?6/G-%6/G-,.
',2/)5GJ(E*+<7GJ0)/('7G:
�+?>0%;*/'.*7(,4=0G6)F*2*57'1N=4).;,7)�

6,2?(%?+'%(2G.)-'I7,F7'E8I0)/)76)CI-+,2G%2*5
;,6%()40'I0/GF0)%4,6,9'4,,2/)F)*.894,56GC�
789C)/'0:
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�)&7*.'56)+*0):�,5.,F7,I4).;/'1,6'+,%<4'�
6*(<.)?(7'0�G0,:�?F*+89C)/I;,64*C*77897)
(/,%*IG1,6?D*.0G6)�(,448%<I7*%;*C7,'G%(/)C)�
JD*/)%0)&'4)*(%?I %0)F68.45.)1,.;/,1,6?4%*
2+'F*06*/*4?77,96,D*&0*I54G0;)6*7'?0,(,/,97)
./).,/789;,+%()7,4'(%?6+? 5/'(*+*9,%?5)*.8.

6,0)5)(*+<%(4,.4/)D*7'?�*.+':�,6,0)5)(*+<%(4,
,(7J6<7*,&*4'67,9%4?5'.*F6G;,4,/,(,.;+,%0,�
%(' 0,+*2)7'9 .)?(7'0) % 4/)D*7'*. ;+)7*(8I 0)0
;/)4'+,I,%()*(%?5)0G+'%).'>HH*0(7,-,,;8():�)0
' (,( H)0(I &(, 7* 4 +J2,9 (,&0* 5*.7,-, C)/)
;+,%0,%(<0,+*2)7'9.)?(7'0)�G0,2G6*(;,4,/)&'�
4)(<%?=7)>04)(,/*I7);/'.*/I>(,-,7*;/,'5,96*(:
�7);,+J%)1%0,/,%(<;,4,/,();+,%0,%('0,+*2)7'9
2G6*(%).,92,+<C,9=5)%G(0',7);,4*/7*(%?7)PT�
-/)6G%,4:
",('(*G57)(<I0)02*5*6'7,9H,/.G+8,23?%7'(<

;,4,/,(;+,%0,%('0,+*2)7'9.)?(7'0)�G0,'I2,+**
(,-,I '5G&'(< G-+,4GJ 5)4'%'.,%(< %0,/,%(' >(,-,
;,4,/,(),(-*,-/)H'&*%0,9C'/,(8N�,-6)48/*F<(*
'52G.)-'0/G-'7)/'%G9(*;,*-,0/)J/?6;)/)+�
+*+<7814*0(,/,4I0)0;,0)5)7,7)/'%G70*�%+*4):

�)(*.%6*+)9(*7)6/*5;,/)6'G%G'5)-7'(*7*0,(,�
/89%*0(,/0/G-):�*;*/<%,.07'(*0/)?;G%(,-,%*0�
(,/)=G4)%;,+G&'(%?0,7G%I;,0/)J0,(,/,-,'6G(
;)/)++*+<78*4*0(,/8:�;/,&*.I7*(I(*;*/<,7'7*
()0'*GF';)/)++*+<78*r�/',21,6*46,+<,%7,4)�
7'?0,7G%)4*0(,/;,4,/)&'4)*(%?:�*(/G67,4'6*(<I
&(,G-,+;,4,/,()/)4*7G-+G;G%(,-,%*0(,/)/)54*/�
(0'0,7G%):
�*;*/<I*%+'+'%(2G.)-'28+6,%()(,&7,2,+<C'.

'+'*%+'4)C-+,2G%6,%()(,&7,.)+I.,F*(*7)6*(<
0,7G%7)-+,2G%()0I&(,28,70,%7G+%?5*.7,-,C)/)
;, 7*0,(,/,9 ;)/)++*+' @%.: /'%: � %;/)4)A: �-,+
;,4,/,() 4*0(,/)I 7)/'%,4)77,-, 7) 0,7G%*I 2G6*(
/)4*7@5)48&*(,. OπAG-+GI7)0,(,/89;,4*/7*(%?
5)%G(0';+,%0,%(</)%;,+,F*77,-,7)>(,9;)/)++*�
+' .)?(7'0)�G0,:�) 6/G-,9 ;)/)++*+' G-,+ ;/'
4*/C'7*0)%)(*+<7,-,0,7G%) 2G6*(6/G-'.I 57)&'(I
'5.*7'(%? ' G-,+ ;,4,/,(): � >(,. .,F7, +*-0,
G2*6'(<%?I '5.*7?? 4*+'&'7G G-+) ;G%(,-, %*0(,/)
/)54*/(0':�);/'.*/I*%+'0,7G%0)%)*(%?-+,2G%);,
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;)/)++*+'I %,,(4*(%(4GJD*9 P�°  %*4*/7,9C'/,(8I
(,4*0(,//)54*/7*(%?7)π/)6')7:
�8(,+<0,&(,;/,'++J%(/'/,4)+'.)(*.)('&*%0,*

;,7?('*;)/)++*+<7,-,;*/*7,%)4*0(,/)7)'%0/'4+*7�
7,9;,4*/17,%(':�G(<*-,%,%(,'(4(,.I&(,28;*/*�
.*D)(<4*0(,/ 0)0.,F7,;)/)++*+<7**%).,.G%*2*!
;/'G%+,4''I&(,4*0(,/4%*4/*.?6,+F*7+*F)(<4
0)%)(*+<7,9;+,%0,%('0;,4*/17,%('I7)0,(,/,9,7
F'4*(:�/G-'.'%+,4).'I*%+';,6,9('0'%0/'4+*77,9
;,4*/17,%('()02+'50,I&(,,7);,0)F*(%?;+,%0,9I
4*0(,/86,+F7828(<;)/)++*+<784,28&7,.%.8%+*
%+,4):�(,.8'4'6'.I/)54*/7G40,7G%7);+,%0,%(':
�(,&0*I+*F)D*97);)/)++*+'=7)(,9,0/GF7,%('I
;,0,(,/,90,7G%0)%)*(%?%H*/8I=G0,7G%)'%H*/8
,2D)?0)%)(*+<7)?;+,%0,%(<:�>(,57)&'(I&(,;)/)+�
+*+<789 ;*/*7,% 4*0(,/) ;, 6)77,9 ,0/GF7,%(' 7)
%H*/*.,F7,'%%+*6,4)(<%;,.,D<J0,7G%):
�,I0)5)+,%<28I0)0)?%4?5<.*F6G4*0(,/).'7)

0,7G%*'.)?(7'0,.�G0,N�+?,(4*()7GF7,4%;,.�
7'(< , .,.*7(* '.;G+<%) ' 5)0,7* *-, %,1/)7*7'?:
�,;G%('.IG7)%*%(<-'/,%0,;40)/6)7,4,.;,64*%*I
;,54,+?JD*.*.G%4,2,67,'5.*7?(<7);/)4+*7'*,%':
�);/)4'. *-, ,%< 7) 7*0,(,/GJ G6)+*77GJ 54*56G
@�,+?/7)?54*56)7).7*;,6,96*(A'/)%0/G('.6'%0:
�,-6) 4*0(,/.,.*7() '.;G+<%)I ;*/;*76'0G+?/789
;+,%0,%('6'%0)I;,%(,?77,2G6*(7);/)4+*77) >(G
54*56GI4%'+G%,,(4*(%(4GJD*-,5)0,7)%,1/)7*7'?:
B(, ,57)&)*(I &(, 4 +)2,/)(,/7,9 %'%(*.* ,(%&*()I
%4?5)77,9%;,4*/17,%(<J�*.+'I,%<-'/,%0,;)2G6*(
;,4,/)&'4)(<%?4%+*65)7);/)4+*7'*.7)482/)77GJ
54*56G:
�*;*/<;/'.*7'.5)0,7%,1/)7*7'?.,.*7()'.;G+<�

%)0.)?(7'0G�G0,:�*0(,/.,.*7()'.;G+<%)2G6*(
7);/)4+*7;*/;*76'0G+?/7,;+,%0,%('0,+*2)7'9.)�
?(7'0):�,I4,(+'&'*,(-'/,%0,;)I.,.*7('.;G+<%)
.)?(7'0)7*.,F*(28(<;,%(,?77,7);/)4+*77),67G
54*56GI;,%0,+<0G.)?(7'00,+*2+*(%?;,66*9%(4'*.
%'+8 (?F*%('I 7);/)4+*77,9 0 E*7(/G .)%% �*.+':
�,+G&)*(%?I&(,4*0(,/.,.*7()'.;G+<%)6,+F*728(<
7);/)4+*7;,0)%)(*+<7,905*.7,9;,4*/17,%('';/'
>(,.;*/*.*D)(<%? 0)0.,F7,;)/)++*+<7**%).,.G
%*2*!I &(, ?4+?*(%? %+*6%(4'*. 5)0,7) %,1/)7*7'?
'.;G+<%)%G&*(,.7)+,F*7781,-/)7'&*7'9:�)0'.
,2/)5,.I 6+? 4*0(,/) .,.*7() '.;G+<%) .)?(7'0)
�G0,I;*/*7,%'.,-,4/)D*7'*.�*.+';,;,4*/17,%('
%H*/8I48;,+7?*(%?G%+,4'*;)/)++*+<7,-,;*/*7,%):
�*9%(4'(*+<7,I ;, 5)0,7G %,1/)7*7'? .,.*7() '.�
;G+<%).)?(7'0 1,&*(!0,+*2)(<%?4%*4/*.?4,67,9
;+,%0,%(':�67)0,I'5�5)(,-,&(,%'+)(?F*%('7)�
;/)4+*7)0E*7(/G�*.+'I4*0(,/7,/.)+'0;+,%0,%('
0,+*2)7'94%*-6)6,+F*728(<7);/)4+*7;,0)%)(*+<�
7,905*.7,9;,4*/17,%(':�78.'%+,4).'I/*&<'6*(
,;)/)++*+<7,.;*/*7,%*4*0(,/)7)%H*/*:�5>(,-,
%+*6G*(I&(,2G.)F7890,7G%%7)/'%,4)778.'4*0(,�
/).'7*?4+?*(%? G;/,D*77,9.,6*+<J!'+' ;,6-,�
7,.;,6,(4*(!K0/'4'57);,4*/17,%('�*.+''*%(<
7*;,%/*6%(4*77)?;/'&'7);,4,/,();+,%0,%('I40,(,�
/,90,+*2+*(%?.)?(7'0�G0,:
�04)7(,4,9.*1)7'0*;,4,/,(4*0(,/);/';)/)+�

+*+<7,.;*/*7,%*7)584)*(%?H)5,9�*//'I;,'.*7'

;*/4,,(0/84)(*+?%>/)�)90+)�*//'I0,(,/89'5G�
&)+4,+7,48*HG70E''4-'+<2*/(,4,.;/,%(/)7%(4*'
47*0,(,/,.%.8%+*,27)/GF'+I&(, �*.+?0/G-+)?!:
�H)5,9�*//'.8*D*4%(/*('.%?:
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�7)*(*+'48I4&*.;/'7E';')+<7)?/)57'E).*F6G
2G+,&0,9'2G2+'0,.N�,-6)48%3*6)*(*2G+,&0GI7*
,%()*(%? 7'&*-,I ) 0,-6) %3*6)*(* 2G2+'0I ,( 7*-,
,%()*(%?68/0):�,6,27,-,/,6),(+'&'?.''5)7'.)�
*(%?(,;,+,-'?:�,4,/?&G(<2,+**%(/,-,I(,;,+,-'?=
&)%(<.)(*.)('0'I '5G&)JD)? %4,9%(4) -*,.*(/'&*%�
0'1 ,23*0(,4I 0,(,/8*7*'5.*7?J(%?;/';+)4781
6*H,/.)E'?1:�/G-'.'%+,4).'I,23*0(.,F7,-7G(<I
.?(<I'5-'2)(<I7,7*+<5?/)5/*5)(<'%0+*'4)(</)578*
&)%(':�)5)+,%<28I*%+'45?(<+J2,9-*,.*(/'&*%0'9
&*/(*F';,54,+'(<%*2*.8%+*77,'5,-7G(<4%*>('
,(/*50'I,0/GF7,%('I;/?.8*=&(,,%()7*(%?,(-*,�
.*(/''N�0/GF7,%(<;*/*%()7*(28(<,0/GF7,%(<JI
;/?.)?%()7*(0/'4,9I7)/GC)(%?4%*4,5.,F78*(*,�
/*.8: �*. 7* .*7**I %GD*%(4GJ( %4,9%(4) H'-G/I
0,(,/8*%,1/)7?(%?;,%+*>('1/)5/GC'(*+<781;/*�
,2/)5,4)7'9:�4CG(0*;/,68/0G,(2G2+'0)=+'C<
6,+?CG(0':
�(,284>(,.G2*6'(<%?I4).;,7)6,2'(%?4,,2/)F)�

*.894,56GC789C)/'0:�/*6%()4<(*I&(,48%F'.)�
*(**-,%6').*(/)+<7,;/,('4,;,+,F781(,&*0I%6)4�
+'4)? 64G.? ;)+<E).' @/'%:OA: � 0)0,9�(, .,.*7(

;)+<E84%(/*(?(%?:�,,2/)5'(*I&(,%,*6'7*778*0G�
%,&0' C)/'0) %0+*'+'%< ' 48 (G( F* ;/,/*5)+' 4
E*7(/*,(4*/%('*:�(,;,+,-''()06*+)(<I0,7*&7,I
5);/*D*7,I7, 5)0/,9(*7) >(, -+)5):�(0/84 -+)5)
%7,4)I48,27)/GF'(*I&(,(*;*/<G4)%4/G0)1GF*7*
4,56GC789C)/'0I),(+'&7)?4*+,%';*67)?0).*/):�
(,&0'5/*7'?(,;,+,-''I4,56GC789C)/'0;/*6%()4+?*(
%,2,9%H*/GI);,4*/17,%(<2G2+'0)=(,/:�,+<0,&(,
.8%,4*/C'+' %0+*'4)(*+<7,�/)5/847,*!;/*,2/)5,�
4)7'*I0,(,/,*;/'4*+,0'5.*7*7'J(,;,+,-'&*%0,-,
'74)/')7()=&'%+),(4*/%('9KG%H*/87*(,(4*/%('9I
) G (,/) ,7, ,67,: �*.G /)47, &'%+, ,(4*/%('9 G
;/,.*FG(,&7,9H'-G/8I;,+G&'4C*9%?4/*5G+<()(*
%0+*'4)7'?64G1;/,('4,+*F)D'1(,&*0%H*/8I(,;,�
+,-'?%0)5)(<7*.,F*(:�)0%'.G.I&(,.,F7,%6*+)(<I
>(,6)(<7)C*9H'-G/*0)0,*�7'2G6<7)54)7'*:�0)�
F*.I �������s��!:
�67'.'50/)*G-,+<7814,;/,%,4(,;,+,-''?4+?*(�

%?%+*6GJD'9K0)0,(+'&'(<,6'7,23*0(,(6/G-,-,N
�6*+)(< >(, 7* ()0 ;/,%(,I 0)0 0)F*(%? 7) ;*/489
45-+?6: �(,28 4'5G)+<7, ,(+'&'(< %H*/G ,( (,/)I
7GF7,7)1,6'(<%?7)7*0,(,/,./)%%(,?7'',(7'1:
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��	��%4,9%(4).)(*.)('&*%�
0'1,23*0(,4:�,+-,*4/*.?+J6'6G.)+'I&(,�*.+?
;+,%0)?:�;/)46)I���
��	�;,4*/17,%(<%H*/87*
,(+'&'(<,(0G%,&0);+,%0,%(':�)0+*'(<;/,2,90)0
4*+,%';*67,90).*/8I()0'4,56GC7,-,C)/'0).,F�
7,,67,9'(,9F*;+,%0,9/*5'7,4,95);+)(0,9:
�)04,5.,F7,+',;/*6*+'(<I7);,4*/17,%('(,/)

'+'%H*/8.87)1,6'.%?N�0)584)*(%?I&(,4,5.,F7,I
'7*,67'.%;,%,2,.:�/*F6*4%*�
-,I>(,.,F7,%6*+)(<%;,.,D<J
6+'77,94*/*40':�2,96*.7)CG
;+)7*(G;,5).07G(,9(/)*0(,/''I
/)5.)(84)?4*/*40G@/'%:PA:�,%�
+*4,54/)D*7'?4'%1,67GJ(,&0G
4,5<.*.%?5),2)0,7E)4*/*40''
%()7*. ** 48(?-'4)(<: �%+' .8
F'4*.7)%H*/*I(,4'(0'4*/*40'
 %,%0,+<57G(!%7**I'4%?4*/*40)
%7,4),0)F*(%?G7)%4/G0)1:�%+'
F*.8F'4*.7)(,/*'+'7);+)7*(*
%2,+<C'.&'%+,.,(4*/%('9I7)�
;/'.*/'.*JD*9H,/.G4,%<.*/�

0'I(,4*/*40)7*'52*F7, 5)%(/?7*(!7)7'1I'.87*
%.,F*.**48(?7G(<@7* 5)284)9(*I&(,4*/*40)4%*
4/*.?6,+F7)+*F)(<7);,4*/17,%(';+)7*(8A:�/)4�
6)I ,(+'&'(< (,/ ,(  4,%<.*/0'! ()0'..*(,6,. 7*
;,+G&'(%?K4*/*40)5)%(/?7*('4(,.I'46/G-,.%+G&)*:
�(,/,9%;,%,2;,54,+'(;,6%&'()(<0,+'&*%(4,,(�

4*/%('94;+)7*(*I7*%1,6?%**;,4*/17,%('I7,,7
GF* ;,(/*2G*( '5.*/*7'9 ' 48&'%+*7'9: � 0)F6,9
(,&0*;,4*/17,%('.,F7,'5.*/'(<4*+'&'7GI7)584)�
*.GJ-)G%%,4,90/'4'57,9'/)47GJ ( )� O� K K :�6*%<

�K  ' OK  = .)0%'.)+<7,* ' .'7'.)+<7,* 57)&*7'?
/)6'G%)0/'4'578K%*&*7'?;,4*/17,%(';+,%0,%(<JI

%,6*/F)D*97,/.)+<0
;,4*/17,%(' 4 6)77,9
(,&0* @/'%:SA: �%()('I
*%(< '7(*/*%789 ' %,�
4*/C*77,7*,&*4'6789
H)0(K64*;+,%0,%('I%,�
,(4*(%(4GJD'*57)&*7'�
?. �K ' OK I;*/;*76'�
0G+?/78:
�()0I;/*6%()4'.%*2*

5*.+*.*/)I0,(,/89,2�
1,6'(;+)7*(GI'5.*/?�
*(**-)G%%,4G0/'4'57G
40)F6,9(,&0*I6,.7,�

F)*(7)>+*.*7(;+,D)6''%0+)684)*(4%*>('&'%+)
@;/,D*-,4,/?I2*/*(;,4*/17,%(789'7(*-/)+,(0/'�
4'578A:�)5)+,%<28I,75)7'.)*(%?&'%(,9-*,.*(/'*9
=4*6<*%+';+)7*(G6*H,/.'/,4)(<I57)&*7'?/)6'G�
%,40/'4'578'5.*7?(%?r�*.G6'4'(*+<7**/*5G+<()(I
'54*%(789 4 .)(*.)('0* 0)0 (*,/*.) �)G%%)=�,77*K
'7(*-/)+,(-)G%%,4,90/'4'578;,;+,D)6'5).07G(,9
;,4*/17,%('/)4*7 ( )S � Lπ − I-6*L=&'%+,,(4*/%('9I
7)584)*.,*()0F*/,6,.;,4*/17,%(':�/)46)I;/'.*�
7'(< >(G 5).*&)(*+<7GJ (*,/*.G 0 7'(,7'%t'6G 7*
G6)%(%?K 4 E*7(/)+<7,9 (,&0* -)G%%,4) 0/'4'57) 7*
,;/*6*+*7):
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�*/7*.%?0H'5'0*:
�8I 0,7*&7,I 57)*(* ;/, 0,/;G%0G+?/7,�4,+7,4,9

6G)+'5.I(:*:64,9%(4*77GJ;/'/,6G&)%('E:�7,-6)
&)%('E84*6G(%*2?0)0&)%('E8I'7,-6)0)04,+78I
'7,-6)=0)07*&(,%/*67**:�67'.'54;*&)(+?JD'1
>0%;*/'.*7(,4I%4'6*(*+<%(4GJD'1,4,+7,4,9;/'/,�
6*&)%('EI?4+?*(%?,;8(;,6'H/)0E''>+*0(/,7,4:
�;*&)(+?JD'1=;,(,.G&(,>(,(,;8(%(,+<F*%'+<7,
;/,('4,/*&'(56/)4,.G%.8%+GI%0,+<1,/,C,%,-+)%G�
*(%?%04)7(,4,9.*1)7'0,9:
�);G%('.>+*0(/,74%(,/,7G.'C*7'I;/*-/)6'4*.G

;G(<>0/)7,.%64G.?D*+?.':B+*0(/,7,0)F*(%?4
7*0,(,/,9(,&0*.'C*7':�,0)&(,4>(,.7*(7'&*-,
G6'4'(*+<7,-,=,7;/,+*(*+&*/*5,67G'5D*+*9'
;,;)+4.'C*7<:�);G%('.4(,/,9>+*0(/,7I(/*('9I
&*(4*/(89:�G6*.6*+)(<>(,()0/*60,I&(,>+*0(/,78
7* %.,-G( 45)'.,6*9%(4,4)(< 6/G- % 6/G-,.: �,%+*
7)0,;+*7'? 6,%()(,&7, 2,+<C,9 %()('%('0' ;,%.,(�
/'.I40)0'*&)%('.'C*7';,;)+'>+*0(/,78:�G.)�
*(*I,7'/)%;/*6*+?(%?;,.'C*7'/)47,.*/7,N�)028
7*()0r
�).'C*7'2G6G(;,+,%8I40,(,/8*;,;)+,.7,F*�

%(4,>+*0(/,7,4I';,+,%8I40,(,/8*7*;,;)+7',6'7

>+*0(/,7@/'%:LA:�,/.)'?/0,%(<;,+,%2G6G(0)&*�
%(4*77,4,%;/,'54,6'(<6'H/)0E',77GJ0)/('7G%4*�
()7)64G1D*+?1:
�,-+)%'(*%<K /*5G+<()( 7*4*/,?(789: �,+G&)*(%?I

&(, 0)F689 ,(6*+<789 >+*0(/,7  57)*(! ,2, 4%*9
6'H/)0E',77,90)/('7*',2?5)(*+<7,;,;)6)*(4,67G
'5 /)5/*C*7781!;,+,%:�23?%7?*(%?>(,()0K0)F�
689>+*0(/,7I;,6+*()?0>0/)7GI0)028'%;8(84)*(
/)564,*7'*+'&7,%('';/,+*()*(%/)5G&*/*5,2*D*+':
�/'>(,.,7'7(*/H*/'/G*(%).%%,2,9I;,%0,+<0G
?4+?*(%?;,%,4.*%('(*+<%(4G4,+7,9r
�78.'%+,4).'I>+*0(/,7�4,+7)/)56*+?*(%?7)64*

&)%('I0,(,/8*;/,1,6?(&*/*5/)578*D*+''.,-G(
;/'6('4(G'+''7GJ(,&0G>0/)7)%(,9'+''7,9
/)57,%(<JH)5:�%+'40)0,9�(,(,&0*.'C*7'/)57,%(<
H)5 %,%()4+?*( πI (:*: 64*&)%('4,+78;/'1,6?(4
;/,('4,H)5*I>+*0(/,7�&)%('E)4>(G(,&0G7'0,-6)7*
;,;)6*(: �)0'* (,&0' ,2/)5GJ( 7) 0)/('7* (*.78*
;,+,%8:
�8 *D* %(,+07*.%? % >(,9 .)7*/,9 >+*0(/,7) =

482'/)(< ,2) 4)/')7() '5 ;/*6+,F*7781 64G1: �
%*9&)%;,-,4,/'.,*-,%;'7*:
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",/,C,+'6*/F)(%?.)-7'(8G4)%7)1,+,6'+<7'�
0*N�)6G.84)+'%<+'480,-6)�7'2G6<,(,.I;,&*.G
,7'7*;)6)J(N
� 0,7*&7,. %&*(*I .)-7'(78* %4,9%(4) 4*D*%(4)

,;/*6*+?J(%?7)+'&'*.G>+*0(/,7)%;'7):�/'/,6G
%;'7),28&7,,23?%7?J(()0K*%+'28>+*0(/,728+
;/,%(,(4*/68.5)/?F*778.C)/'0,.I(,%;'7G%,�
,(4*(%(4,4)+ 28 *-, %,2%(4*7789 .,.*7( '.;G+<%):
�/)D*7'*5)/?F*77,-,,23*0().,F7,/)%%.)(/'4)(<
0)00,+<E*4,9(,0I)-6*>+*0(/'&*%0'9(,0=().'
.)-7'(7,*;,+*I%,-+)%7,,;8().B/%(*6)@',67,.G
'5G/)47*7'9�)0%4*++)A:
�, >+*0(/,7= >(, 7* 5)/?F*7789C)/'0:B+*0(�

/,7=>(,>+*0(/,7:�)%('E)'4,+7),67,4/*.*77,:
�)04,+7).,F*(4/)D)(<%?4,0/G-%4,*9,%'N�)0,9
,%'N� 0)0,9 G 7** .,F*( 28(< .,.*7( '.;G+<%)N
�%()('%0)5)(<I%;'7>+*0(/,7)7*(,+<0,7*?4+?*(�
%? .,.*7(,. '.;G+<%)I 7, ' 7* ?4+?*(%? 4*0(,/,.
4,,2D*@7*?4+?*(%?,7()0F*(*75,/,.'I(*.2,+**I
%0)+?/,.A:�>('.H)0(,.%4?5)7,,67,*-,%(/)77,*
%4,9%(4,I6+?>0%;*/'.*7()+<7,-,'5G&*7'?0,(,/,-,
4).;,7)6,2'(%?0/GF0)%4,6,9:�*%(,'(7);,+7?(<
**2,+<C*I&*.7);,+,4'7G=4,6)7GF7)+'C<6+?
(,-,I&(,28G4)%7*28+,%,2+)57);*/*4*/7G(<0/GF�
0G44*/167,.:
�,%()4<(*0/GF0G7)%(,+:
G&0)0/GF0';,7'F)*(

**%'..*(/'J=5)6)*(486*+*77,*7);/)4+*7'*:�,�
4*/7'(*0/GF0G7)�f�° ;,&)%,4,9%(/*+0*'+';/,('4
7**I7,(,+<0,7*464G17);/)4+*7'?1%/)5G:�>(,.
%+G&)*/G&0)0/GF0'2G6*(%.,(/*(<47);/)4+*7''I
;/,('4,;,+,F7,.'57)&)+<7,.G:�,4*/7'(* 0/GF0G
*D*/)54(,.F*7);/)4+*7'':�*;*/</G&0)0/GF0'
2G6*( 7);/)4+*7) (G6) F*I 0G6) ' 4 7)&)+* ,;8():
�)5)+,%<28I;/'&*.56*%<%(/)778*%4,9%(4)>+*0(�
/,7)N�/)4'+<7,I%,4*/C*77,7';/'&*.:�%+'48
;,4,/)&'4)*(*+J2,*(4*/6,*(*+,7) PT�° I,7,;*/*�
1,6'( 4 %*2?I ' ()0,* ;/*,2/)5,4)7'* 7)584)*(%?
(,F6*%(4*778.I(/'4')+<78.'+';/,%(,=%0G&78.:
�*;*/< 4,5<.'(* 0/GF0G 4 /G0G ()0I &(,28 ,7)

%(,?+)7)+)6,7':�,4*/7'(* **7) PT�° = >(, 4,5�
.,F7,:�/)46)I/G0);/'>(,.;/'.*(7**%(*%(4*77,*
;,+,F*7'*I ;/,D* -,4,/? = 7*%0,+<0, 484*/7*(%?:
B(,4)F7,I;,%0,+<0G4)C)/G0)%'.4,+'5'/G*(4,+�

7,4GJHG70E'J>+*0�
(/,7):�/' ;,4,/,(*
%;'7)7) PT�° 4,+7,�
4)?HG70E'?>+*0(/,�
7).*7?*(57)0@/G0)
484,/)&'4)*(%?AI(:*:
>(,;/*,2/)5,4)7'*7*
;*/*4,6'( %'%(*.G
 0/GF0) u /G0)! 4

%*2?'7*?4+?*(%?(/'4')+<78.@/'%:TA:�(,28G5�
7)(<I0)0,9;,4,/,(;*/*4,6'(%;'7>+*0(/,7)47)�
&)+<7,*%,%(,?7'*I;,4*/7'(*0/GF0G*D*7) PT�° �
�����������	� ��,4*/<(*I>(,4,5.,F7,'7*'.**(
,(7,C*7'? 7' 0 5)7?('?. 9,-,9I 7' 0 ;,%*D*7'J
(/)4.;G70()r �%+' 4). >(, G6)+,%< = ;/'.'(* ;,�

56/)4+*7'?: �*;*/< 48 57)*(* 7* ;,7)%+8C0*I &(,
>+*0(/,7 4*/7*(%? 4 7)&)+<7,* %,%(,?7'* +'C< ;/'
;,4,/,(*7) �O�° :B(,((/J0;/'6G.)+46*.,7%(/)�
E',7781E*+?14*+'0'9�,+<�'/)0:
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�,4,6'+,%<+'4).4'6*(<+*(?D'94*/(,+*(%7*�
;,64'F78.'+,;)%(?.'N�) G+'E*= *64) +'I ) 7)
>0/)7*(*+*4'5,/)=7)4*/7?0):B(,=,67,'5;/,?4�
+*7'9()07)584)*.,-,%(/,2,%0,;'&*%0,-,>HH*0():
� 2,+<C'7%(4) 4'6*,0).*/ %0,/,%(< %3*.0' %,%()4�
+?*(,0,+,(/'6E)('0)6/,44%*0G76G:�7)&'(I*%+'
4'7( (,F* %,4*/C)*( (/'6E)(< ,2,/,(,4 4 %*0G76GI
7) 4'6*,5);'%' ,7 2G6*( ;,0,'(<%? @,(.*('.I &(,
(/'6E)(< ,2,/,(,4 4 %*0G76G 6+? 7*%GD*-, 4'7() =
E'H/) 7*/*)+<7)?v 7, 4'7( % &*(8/<.? +,;)%(?.'
 ,%()7,4'(%?! GF* 7) %0,/,%(' &G(< 2,+<C* %*.'
,2,/,(,44%*0G76GA:
�/*6%()4'.%*2* .)(*.)('&*%0'9!4*/(,+*(I4'7(

0,(,/,-,.,F*(4/)D)(<%?%0,+<G-,67,28%(/,:�G%(<
,77)&)+;,%(*;*77,/)%0/G&'4)(<%?I'.87)2+J6)�
*.>(,7)>0/)7*(*+*4'5,/):�7)&)+)%0,/,%(<4'7()
7)'5,2/)F*7''2G6*(/)%('I5)(*.,77)&7*(5).*6�
+?(<%?'%,4%*.,%()7,4'(%?v;,%+*&*-,4'7(7)&7*(
4/)D)(<%? 4 ,2/)(7GJ %(,/,7GI %0,/,%(< 6,%('-7*(
.)0%'.G.)'%7,4)G.*7<C'(%?6,7G+?'()06)+**:
�,+G&)*(%?I&(,7)4'6*,5);'%'I%6*+)77,90).*/,9
%&)%(,(,9P�0)6/,44%*0G76GI4%*4,5.,F78*%0,�
/,%(' 4/)D*7'? 4'7() +*F)( 4 '7(*/4)+* ,( .'7G%
�L6,;+J%�L,2,/,(,44%*0G76Gr�>(),-/)7'&*7�
7,%(< ,2+)%(' 6,;G%('.81 %0,/,%(*9 ?4+?*(%? ;/?�
.8.%+*6%(4'*.;*/',6'&7,%('/)2,(84'6*,0).*/8
4,4/*.*7':
�*%<.) ;,1,F)? %'(G)E'? 4,57'0)*(I 0,-6) >+*0(�

/,7 ;G(*C*%(4G*( ;, 0/'%()++G: �)0 48 57)*(*I 4
0/'%()++*)(,.8%(/,-,G;,/?6,&*78=7)1,6?(%?4
G5+)10/'%()++'&*%0,9/*C*(0'I(:*:0/'%()++;/*6�
%()4+?*(%,2,9;*/',6'&*%0GJ%(/G0(G/G4;/,%(/)7�
%(4*:�%*?&*90'0/'%()++)48-+?6?(,6'7)0,4,I;,�
>(,.G 7* '.**( 57)&*7'?I 4 0)0,9 '.*77, '5 7'1
7)1,6'(%? >+*0(/,7:�,'.**( 57)&*7'* (,I %0)0,9
%0,/,%(<J ' 0G6) ,7 64'F*(%?: �/G-'.' %+,4).'I
'.;G+<%>+*0(/,7),;/*6*+?*(*-,%,%(,?7'*:�,>(,�
.G ,28&7, 6+? ,;'%)7'? >7*/-*('&*%0,-, %,%(,?7'?
>+*0(/,7) -,4,/?( , *-, ;,+,F*7'' 4 '.;G+<%7,.
;/,%(/)7%(4*=;/,%(/)7%(4*I0)F6)?(,&0)0,(,/,-,
%,,(4*(%(4G*( 4*0(,/7,.G 57)&*7'J'.;G+<%):� %)�
.,*'7(*/*%7,* (,I &(, %,%(,?7'* >+*0(/,7),;/*6*�
+?*(%? ,-/)7'&*778. 7)2,/,. 57)&*7'9 '.;G+<%)I
(:*:;/,%(/)7%(4*77)?;*/',6'&7,%(<0/'%()++),2G%�
+)4+'4)*( 0,.;)0(7,%(< ,2+)%(' '.;G+<%7,-, ;/,�
%(/)7%(4)I7*,21,6'.,96+?,;'%)7'?%,%(,?7'?>+*0�
(/,7)r�,&7,()0F*I0)0.)(*.)('&*%0'2*%0,7*&7)?
,%< 57)&*7'9 G-+,4,9 %0,/,%(' 4'7()  %F)+)%<! 4
'7(*/4)+@=�Lv�LA,2,/,(,44%*0G76GI4%*;/,%(/)7�
%(4, '.;G+<%,4 >+*0(/,7) 4 0/'%()++* .,F7, %4*/�
7G(<47*2,+<CGJ5).07G(GJH'-G/G:�/G-'.'%+,�
4).'I >+*0(/,7�4,+7)F'4*(7);,4*/17,%('7*0,(,�
/,9;+)7*(847*0,(,/,.1'(/,.;/,%(/)7%(4*:
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�8 *D* 7* 5)28+'I &*.G ;,%4?D*7) >() %()(<?N
�,4*/C*77,4*/7,I(,;,+,-'&*%0'.'5,+?(,/).:�%()�
+,%<;,%+*67**G%'+'*I&(,28%+,F'(<4%*&)%('/)%�
%0)5)4,*6'7,:�+'I.,F*(28(<I,7'GF*%+,F'+'%<4
4)C*.%,57)7''N�%+'7*(I(,-6)*D*7*.7,-,47'.)�
7'?:
�,F7,%0)5)(<I&(,(,;,+,-'&*%0'9'5,+?(,/,(+'�

&)*(%? ,( ,28&7,-, 6'>+*0(/'0)H,/.,9 ;+)7*(8 4
'.;G+<%7,. ;/,%(/)7%(4*I 7) 0,(,/,9 F'4*( >+*0(�
/,7:�)4)9(*G%+,47,'5,2/)5'.**44'6*%H*/86+?
+J2,-,,28&7,-,6'>+*0(/'0)@4)0GG.)4(,.&'%+*A
'44'6*(,/)=6+?(,;,+,-'&*%0,-,'5,+?(,/)@/'%:�A:

�/' >(,.I 57)? 0/'4'57G >(,9 ;+)7*(8 4 0)F6,9
(,&0*I.8.,F*.48&'%+'(<(,;,+,-'&*%0'9'74)/'�
)7(I()07)584)*.89'76*0%�*/7)�I,&*7<;,1,F'9
7)/,6;,4*/17,%('=&'%+,,(4*/%('9:�+?(,;,+,�
-'&*%0,-,'5,+?(,/)'76*0%�*/7)�,(+'&*7,(7G+?I4
7)C*.;/'.*/*�Q�I4(,4/*.?0)06+?,28&7,-,
6'>+*0(/'0)��Q�:
�,%.,(/'.(*;*/<7)-/)7'EG.*F6G,28&78.6'>�

+*0(/'0,. ' 4)0GG.,.: �) 7*9 ;+)7*() >+*0(/,7)
6,+F7)'.*(<7)7)C*.G%+,47,./'%G70*;/,.*FG�
(,&7GJH,/.G.*F6G%4,*9%H*/,9'%H*/,96/G-,-,
/)6'G%)I (:*: 28(< %H*/,9: �, 7) -/)7'E* .*F6G
4)0GG.,.'(,;,+,-'&*%0'.'5,+?(,/,.6,+F7,;/,�
'5,9(' 7*&(, GF)%7,*: �+)7*() >+*0(/,7) 6,+F7)
28(<&*.�(,%/*67'..*F6G%H*/,9'(,/,.I(:*:I0)0
48GF*;,7?+'I7'(,7'%t'6,.rB(,()0F*7*'52*F�
7,I0)0'(,(H)0(I&(,7*;/*/847)?HG70E'?I;/'�
7'.)JD)? ,(/'E)(*+<7,* 57)&*7'* 7) +*4,. 0,7E*
,(/*50)';,+,F'(*+<7,*7);/)4,.I ,2?5)7) -6*�(,
7)>(,.,(/*50*,2/)('(<%?47,+<:
�()0I.84'6'.I&(,>+*0(/,7I%0,+<5?D'9;,-/)�

7'E*.*F6G(,;,+,-'&*%0'.'5,+?(,/,.'4)0GG.,.
@'+'+J28.6/G-'.,28&78.6'>+*0(/'0,.=4,56G�
1,.I 7);/'.*/AI F'4*( 4 '.;G+<%7,. ;/,%(/)7%(4*
7);,4*/17,%('7'(,7'%t'6):�*;*/<;/*6%()4'.I&(,
()0,9 >+*0(/,7 %(,+07G+%? % ;/*;?(%(4'*.: �(,28
,(%0,&'(< 7)5)6I ,7 6,+F*7 ;,.*7?(< 7);/)4+*7'*
'.;G+<%)7);/,('4,;,+,F7,*:�,>(,,57)&)*(I&(,
,76,+F*7;*/*.*%('(<%?;,;,4*/17,%('7'(,7'%t'�
6)4(,&0GI;/,('4,+*F)DGJ(,9I40,(,/,9,7%*9�
&)%7)1,6'(%?:

�,%0,+<0G 7'(,7'%t'6 '%0/'4+*7I 4 1,6* >(,-,
;*/*.*D*7'?>+*0(/,7;/',2/*(*(H)5G�*//'@4%;,.�
7'(*.)?(7'0�G0,A:�7)2G6*(/)47);,.,6G+Jπ:
�7)0 H)58 �*//' 2G6*( 5)4'%*(< ,( ;G('I 0,(,/89
482*/*(>+*0(/,7I=4*6<;,;)%(<4;/,('4,+*F)DGJ
(,&0G.,F7,64G.?;G(?.'I0)0'7) 5*.7,.C)/*:
�67) (/)*0(,/'? 2G6*( %,,(4*(%(4,4)(< /)54,/,(G
'.;G+<%) ;, &)%,4,9 %(/*+0*I ) 6/G-)? = ;/,('4:
�)0,9 F* 4)/')7( 482*/*( >+*0(/,7N �/)4'+<7,I
,2):B(,57)&'(I&(,'.;G+<%,67,9&)%('>+*0(/,7)
/)54*/7*(%? 7) �f�° I ) '.;G+<% 6/G-,9 7) �f�− ° :
�/G-'.'%+,4).'I&(,28;,+G&'(<,67G&)%(<>+*0(�
/,7)'56/G-,9I7GF7,/)54*/7G(<**'.;G+<%7)4%*
PT�° :
�(.*('.I&(,7);/)4+*7'*%;'7)>+*0(/,7)46)7�

7,.%+G&)*F*%(0,%4?5)7,%7);/)4+*7'*.'.;G+<%)I
;,>(,.G %;'7 2G6*( /)54,/)&'4)(<%? %1,F'. ,2/)�
5,.:�;/'()0,./)54,/,(*%;'7)I0)048;,.7'(*I
4,+7)>+*0(/,7);,.*7?*(57)0I(:*:%+,F'4C'%<I64*
&)%('>+*0(/,7)6)6G(4%G..*7,+<:�+*6,4)(*+<7,I
>+*0(/,7I F'4GD'9 7) -/)7'E* .*F6G (,;,+,-'&*%�
0'.'5,+?(,/,.'4)0GG.,.I	�����������
������
	
�
������������������������������I&(,'(/*2,4)�
+,%<;,?%7'(<:
�)0 4'6'(*I .'/ (,;,+,-'&*%0'1 '5,+?(,/,4 ;/*�

0/)%*7'G6'4'(*+*7:�,5.,F7,IG&*78*I;/*6%0)5)4�
C'*'1%GD*%(4,4)7'*I;/'%+GC)+'%<0%+,4).�'�
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>(,-,4/)D*7'?@*-,&)%(,7)584)J(G-+,48..,.*7(,.AI)
(,&7**=;/,*0E'?>(,-,.,.*7()7)7);/)4+*7'*47*C7*-,
4,56*9%(4'?I0)0'6/G-'*1)/)0(*/'%('0'&)%('E8IH'0%'�
/,4)7@04)7(,4)7A:�7/)4*7F� I-6*� =;,%(,?77)?�+)70)I
) F� = ()0 7)584)*.,* %;'7,4,* 04)7(,4,* &'%+,: � 4%*1
04)/0,4'+*;(,7,4FQ�xOI)G&)%('E�;*/*7,%&'0,4F�Q�:
�)0,*/)5+'&'*4%;'7)1;/'4,6'(00)/6'7)+<7,.G/)5�
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04)/0,4'+'+*;(,7,47)1,6'(%?4,67,.04)7(,4,.)7%).2�
+*@ 0,++*0('4*!AI;,6&'7??%<4,56*9%(4'J,;/*6*+*77,-,
;,+?I7);/'.*/>+*0(/'&*%0,-,I,7'7*.,-G(28(<%,4*/�
C*77,,6'7)0,48.':�)F6)?&)%('E)6,+F7)'.*(<%4,J
1)/)0(*/'%('0G4*/,?(7,%(7,-,;,4*6*7'?=4,+7,4GJHG70�
E'J'+'7)2,/04)7(,481&'%*+:�*/,?(7,%(7)?HG70E'?
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+'%(8!:B+*0(/,78;/'7)6+*F)(0H*/.',7).I''.*77,
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.,F7, 7);)+<E)1!I(:*:7*;/'2*-)?0.)(*.)('&*%0,.G
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47G(/*77*9 %'..*(/'*9 >+*0(/,6'7).'0'I 0,(,/)? ;/'4,�
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+)%(,+<2,+<CGJ.)%%G2,5,7)"'--%)I&(,6+?*-,,27)/G�
F*7'?7*14)()+,.,D7,%('%GD*%(4,4)4C'1G%0,/'(*+*9:
�)%(<H'5'0,4;/*6+)-)+'6)F*,(0)5)(<%?,(�()76)/(7,9
.,6*+'''%0)(<7,48*(*,/''&)%('E:�,((,-6)',23?4'+'
2,5,7"'--%)2,F*%(4*77,9&)%('E*9I0,(,/GJ7*4,5.,F7,
;,57)(<:�,47)G&7,..'/*;,2*6'+)4*/)4�()76)/(7GJ
.,6*+<IG&*78*G2*6'+';/)4'(*+<%(4)7*%0,+<0'1%(/)74
(,.I &(, 7* 7)6, F)+*(< 6*7*- 7) %(/,'(*+<%(4, 7,481
G%0,/'(*+*9:�,%0,+<0G>(,28+'7*.)+8*6*7<-'I(,;*/48�
.';/*G%;*+'���:�)7,4,.G%0,/'(*+*I;/,(,7�)7(';/,�
(,77,.0,++)96*/*I5);GD*77,.4��fP-,6G'/)%%&'()77,.
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�()/89 �4*( @�4/,;)A /*C'+ ,2,-7)(< �,489 �4*(
@���A:�4/,;*9%0'*%(/)78,23*6'7'+'%4,'G%'+'?I28+
5);/,*0('/,4)7 ' ;,%(/,*7 ��� = �,+<C,9 )6/,7789
0,++)96*/I57)&'(*+<7,;/*4,%1,6?D'9;,%4,*9.,D7,%�
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%(G+)(8;,54,+?J(,23?%7'(<
+'7*9&)(8*%;*0(/8I7)2+J�
6)4C'*%?4;,-+,D*7''/)5�
+'&781 -)5,4I ' 6)F*;/*6�
%0)5)(< 7,48* %*/'' ()0'1
%;*0(/,4I ,67)0, %.8%+ '1
,%()*(%?5)-)6,&78.:
�/'.*/7, 4 (, F* 4/*.?I

0,-6) �F:�F:�,.%,7 4 �)�
4*76'C%0,9+)2,/)(,/''�*.�
2/'6F%0,-,G7'4*/%'(*()'5G�
&)*(,(0+,7*7'*0)(,6781+G�
&*9 4 >+*0(/'&*%0'1 ' .)-�
7'(781;,+?1I&(,4%0,/*;/'�
4*6*(*-,0-';,(*5*,%GD*�
%(4,4)7''.)(*/''4%,%(,?�
7''*D*2,+**(,70,-,6/,2�
+*7'?I &*.)(,.8I7*.*E0'*
H'5'0';,-+,D*78;,'%0,.,(4*()7)4,;/,%I0)0,4)%4?5<
.*F6G (*.;*/)(G/,9I E4*(,4,9 -)..,9 ' '7(*7%'47,%(<J
%4*()I'5+G&)*.,-,-,/?&'.F*+*578.;/G(,.:�,567**,7
%()+)7)584)(<%?5)6)&*9,2'5+G&*7'')2%,+J(7,&*/7,-,
(*+): B() 5)6)&) 0)F*(%? (/'4')+<7,9I ,67)0, ;/' 4%*1
5)(/)&*7781G%'+'?14/).0)10+)%%'&*%0'1>+*0(/,.)-7*�
('5.)'(*/.,6'7).'0'(*,/*('&*%0'*480+)60';/'4,6'+'
0 )2%G/678. /*5G+<()(). '
;/,('4,/*&'+' '.*JD'.%?
>0%;*/'.*7()+<78.6)778.:

*C'+ >(G 5)6)&G �)0%

�+)70=;/,H*%%,/�*/+'7%�
0,-,G7'4*/%'(*()I0+)%%'&*%�
0'97*.*E0'9G&*789I;*6)7(:
$*7,9I0,(,/GJ*.G;/'C+,%<
5);+)('(<I%()+,;,7?('*04)7�
()>7*/-''I0,(,/,*,744*+4
H'5'0G 6+? %;)%*7'? ,( ()0
7)584)*.,9 G+<(/)H',+*(,�
4,90)()%(/,H8: �,/,(0,-,�
4,/?I(,I&(,?%6*+)+I.,F7,
,;'%)(<(,+<0,0)0)0(,(&)?�
7'?!I=;'%)+�+)704;,%+*6�
%(4'': �)0,7I ;,+G&'4C'9
./)&7,*7)54)7'* G+<(/)H'�
,+*(,4,9 0)()%(/,H8! '+'  0)()%(/,H8
>+*?=�F'7%)!I
28+7)96*74/).0)10+)%%'&*%0,9(*,/''>+*0(/,.)-7*('5�
.)'(*/.,6'7).'0''6)4)+,(4*(7)4,;/,%,5)4'%'.,%('
%;*0(/)+<7,9;+,(7,%(' >+*0(/,.)-7'(7,-,'5+G&*7'?7)�
-/*(,-,(*+),(&)%(,(8'5+G&)*.814,+7',(*-,(*.;*/)�
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(G/8:�;/)4*6+'4,%(<7)96*77,-,%,,(7,C*7'?,57)&)+)28
7*4,5.,F7,%(< (*/.,6'7).'&*%0,-,/)47,4*%'?.*F6G4*�
D*%(4,.''5+G&*7'*.I;,%0,+<0GI%,-+)%7,*.GI4%?(*;+,�
4)?>7*/-'?6,+F7)28+)28;*/*9('4>7*/-'J'5+G&*7'?
0,/,(0,4,+7,4,9,2+)%('%;*0(/):�&)%(7,%('I>(,,57)&)+,
28,1+)F6*7'*�%*+*77,96,)2%,+J(7,-,7G+?(*.;*/)(G/
5)%&*('5+G&*7'?0,/,(0'1>+*0(/,.)-7'(7814,+7:�+)70

G0)5)+7)7*;/'.*7'.,%(<;,�
7?('90+)%%'&*%0,9H'5'0'4
>(,9,2+)%('>7*/-'9'I44*6?
7*,21,6'.,*;,7?('*04)7(,�
4)7'? >7*/-''I 7)C*+ ;/)�
4'+<7,*I47G(/*77*7*;/,('�
4,/*&'4,* 48/)F*7'* 6+?
%;*0(/)+<7,9;+,(7,%('>+*0�
(/,.)-7'(7,-,'5+G&*7'?:
�+*6GJD'9C)-7);G('0

;,7'.)7'J 6'%0/*(7,%('
.'0/,.'/) 6*+)*( �+<2*/(
B97C(*97: � ���L -,6G ,7
;G2+'0G*(/)2,(G%,23?%7*�
7'*.5)-)6,&7,-,6,(,-,.,�
.*7()?4+*7'?H,(,>HH*0()K
'%;G%0)7'?>+*0(/,7,44*D*�
%(4,.;,66*9%(4'*.>+*0(/,�
.)-7'(7,-,'5+G&*7'?@4&)%�

(7,%('I%4*()A:�;*/48**-,7)2+J6)+4�fP�-,6G�+*0%)76/
�*00*/*+<4>+*0(/,+'()1I5)(*.*-,,27)/GF'+4�f�P-,6G
�'++,G2'�.'(4>0%;*/'.*7()1%%*+*7,.'4�ff�-,6G=
�*7/'1 �*/E 7) E'70*: � �fff=�f�� -,6)1 H,(,>HH*0(

%'%(*.)('&*%0''5G&)+�+*0�
%)76/ �(,+*(,4: �)-)6,&78*
%4,9%(4)H,(,(,0)=;/,;,/�
E',7)+<7,%(< *-, ;+,(7,%('
%4*(,4,.G ;,(,0GI +'7*97,*
4,5/)%()7'*.)0%'.)+<7,90'�
7*('&*%0,9 >7*/-'' >+*0(/,�
7,4%&)%(,(,9'**7*5)4'%'�
.,%(<,('7(*7%'47,%('%4*()I
) ()0F* %GD*%(4,4)7'* 6+?
0)F6,-,4*D*%(4)%4,*90/)%�
7,9 -/)7'E8H,(,>HH*0()=
4%*>(,B97C(*97,23?%7?*(I
4,54/)D)?%<0%()/,9I,(4*/-�
7G(,9 �J9-*7%,. 7<J(,7,4%�
0,9'6**0,/;G%0G+:�,+<0,4
;/*6;,+,F*7''I &(, %4*( 4*�
6*(%*2?0)0&)%('E)I,2+)6)�
JD)?'.;G+<%,.'>7*/-'*9I
.,F7, ,23?%7'(< 7*,21,6'�
.GJ0,7E*7(/)E'J>7*/-''4
,23*.*I %,,(4*(%(4GJD*.
>+*0(/,7G 4 .*()++*I &(,28
48/4)(<*-,,((G6):�,5F*I4
����-,6GIB97C(*97;G2+'&�
7, 5)?4+?*(I &(, 4 2G6GD*.
'%%+*6,4)7'* '5+G&*7'? ;,�
54,+'( ,27)/GF'(< %'7(*5
&)%('E'4,+7:
�&*/*67,90'/;'&4%(/,?�

D**%?56)7'*04)7(,4,9H'�
5'0' 5)0+)684)*(H/)7EG5%�
0'9 H'5'0�(*,/*('0 �G' 6*
�/,9+<K ���OP-,6GI;,%+*
6,+-'1G*6'7*7781/)5.8C�
+*7'9'/)56G.'9I?7*,F'�

6)77,;,6G.)+I&(,,(0/8('*I%6*+)77,*B97C(*97,.4���L
-,6GI7)6,,2,2D'(<I/)%;/,%(/)7'4*-,7)4%*.)(*/')+<78*
&)%('E8I 4 ;*/4GJ ,&*/*6< 7) >+*0(/,78!: �* �/,9+<
,%.*+'+%?5)6)(<%*2*;/,%(,94,;/,%K*%+'%4*(,48*4,+78
.,-G(4*%('%*2?0)0&)%('E8I(,;,&*.G&)%('E8I()0'*0)0
>+*0(/,7I7*.,-G(4*%('%*2?0)04,+78NB97C(*971)/)0�
(*/'5,4)+ *-, /)2,(G 0)0  ;*/489 7*G4*/*7789 C)- ;,
7);/)4+*7'J0/)5-)60*,67,9'5%).811'(/,G.781-,+,�
4,+,.,0%,4/*.*77,9H'5'0'!:
�)0,7*EI40,7E*��OT-,6))4%(/'*EB/4'7�/*6'7-*/

,2,2D)*(0,/;G%0G+?/7,�4,+7,4,96G)+'5.�G'6*�/,9+?
7)&)%('E8I64'FGD'*%?4,47*C7*.;,+*:�,54/)('4C'%<%
-,/7,+8F7,-, 0G/,/()I ,7 ;/*6%()4+?*( 7) %G6 0,++*-
G/)47*7'*I %()4C** 4;,%+*6%(4'',%7,478.'7%(/G.*7(,.
.)(*.)('&*%0,-,,;'%)7'?%4,9%(4.'0/,.'/):�7,7);'%)�
7,6+?7*0,(,/,9,;'%84)JD*94,+7,4,9;/,E*%%%;*/*.*7�
7,9 6+'7,9 4,+78HG70E'': �.8%+ ** ;,0) 7* ?%*7I 7,
G/)47*7'*GF*%,6*/F'(4%*2*%(,+<6,+-,F6)77GJIG-)6)7�
7GJ�+)70,.IB97C(*97,.'�,/,.I0)F68.;, %4,*.GI
6'%0/*(7,%(<r�)0I6'%0/*(78*G/,47'>7*/-''>+*0(/,7)4
)(,.*4,57'0)J(56*%<*%(*%(4*778.,2/)5,.'%4?5)78%
0,7*&7,%(<J*-,/)5.*/,4:�7*0,(,/,.%.8%+*)(,..,F*(
28(<G;,6,2+*7%0/';0*K0)0%0/';0);,/,F6)*(54G0'+'C<
,;/*6*+*77816+'74,+7I()0'4)(,.*7)2,/,4%0'1,/2'()1
6,+F7, G0+)684)(<%? E*+,* &'%+, 6+'7 4,+7I 0,(,/8*
.,F7,;/';'%)(<>+*0(/,7GI64'FGD*.G%?4;,+*?6/):
�,%(*;*77,I 46+'(*+<781'7*;/,%(81%;,/)1+G&C'1

G.,4 (,-, 4/*.*7' 480/'%()++'5,484)*(%? H'+,%,H%0)?
%G(<(,+<0,&(,%,56)77,904)7(,4,9H'5'0':�'0/,.'/7*
.,F*(28(<,;'%)74;/'48&�
781 6+? 7)%I 0)F6,67*47,
7)2+J6)*.81'+*-0,'5.*/?�
*.81 ;,7?('?1 0,,/6'7)(8I
(/)*0(,/''I '.;G+<%)z �-,
.,F7,,;'%84)(<(,+<0,4*�
/,?(7,%(7,I'04)6/)(.,6G�
+?41,6?D*94G/)47*7'*�/*�
6'7-*/)4,+7,4,9HG70E'',;�
/*6*+?*(/)%;/*6*+*7'*4*/,�
?(7,%(*97)1,F6*7'?04)7(,�
4,9&)%('E84;/,%(/)7%(4*:
�GD*%(4GJ( ;)/8 H'5'&*%�
0'14*+'&'7I()0'*0)00,,/�
6'7)()''.;G+<%I>7*/-'?'
4/*.?IG-+,4,9.,.*7('H)5)I
0,(,/8*7*.,-G(28(<(,&7,
,;/*6*+*78 ,67,4/*.*77,:
�76*(*/.'7'5.41,6'(4H'�
5'0G��4*0)GF*7*0)0/*�
5G+<()( 6,2/,4,+<7,-, ,(0)�
5),((,&7,-,,;'%)7'?%'%(*�
.84;,+<5GG6,2%(4)I)0)0
7*'52*F7,* %4,9%(4, .'0/,�
.'/): � (*. 7* .*7**I ;/'
;/)4'+<7,9 ;,%()7,40* 4,;�
/,%,4 04)7(,4)? .*1)7'0)
;,54,+?*(;,+G&)(<%,4*/C*7�
7, (,&78* ,(4*(8K 0)0 %6*�
+)(< +)5*/ % ,;/*6*+*77,9
6+'7,94,+78v6,0)0,9>7*/�
-'' 7GF7, /)5,-7)(< &)%('�
E8I &(,28 ;,+G&'(< 2,5,7
"'--%)v0)0,4)6,+F7)28(<
.)%%);,+GC)/'9/)6',)0('4�
7,-,>+*.*7()I&(,2845,/4)�
+)%<)(,.7)?2,.2):
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�,4*/7*.%?0%4*/1;/,4,6'.,%(':�0,7E*���4*0)4
%4?5' % /)54'('*. .'/,4,9 %'%(*.8 (*+*-/)H7,9 %4?5'
G4*+'&*7'*;/,4,6'.,%('.*()++,4%()+,4)F7,9(*17'&*%�
0,95)6)&*9:�'5'&*%0)?(*,/'?7*6)4)+),(4*()7)>(,(
4,;/,%I'2,28+7*'54*%(*7.*1)7'5.>+*0(/,;/,4,67,%(':
�,%+*,(0/8('?>+*0(/,7)7)&)+)/)54'4)(<%?>+*0(/,77)?
(*,/'?;/,4,6'.,%(':�)&)+,*96)*(4����-,6G7*.*E0'9
H'5'0�)G+<�/G6*:�).*&)(*+<7,I &(,' %*-,67? (*,/'?
�/G6* 41,6'( 4 G&*278*0G/%8H'5'0'0)00+)%%'&*%0)?
(*,/'?>+*0(/,;/,4,67,%('.*()++,4:�%,4/*.*77,94*/%''
>(,9(*,/''I/)54'(,9(,F*7*.*E0'.H'5'0,.�/7,+<6,.
�,..*/H*+<6,.4��Of-,6GIGF*;,%+*%,56)7'?04)7(,4,9
.*1)7'0'I>+*0(/,78/)%%.)(/'4)J(%?0)004)7(,4,48/,F�
6*7789'6*)+<789-)5I5);,+7?JD'90/'%()++'&*%0GJ/*�
C*(0GI4G5+)10,(,/,97)1,6?(%?',78)(,.,4.*()++)'I
'5/*60)I;/'.*%': �4)7(,4,* 48/,F6*7'*! >(,-, -)5)I 4
&)%(7,%('I,57)&)*(I&(,I4,(+'&'*,(-)5)0+)%%'&*%0,-,I
*-, &)%('E8 = >+*0(/,78 = 6)F* ;/' )2%,+J(7,. 7G+*
;/*284)J(4;,%(,?77,.1),('&*%0,.64'F*7''%,-/,.78�
.'%0,/,%(?.'I'%&'%+?*.8.';/,E*7().',(%0,/,%('%4*�
():�/'+,F*7'*>+*0(/'&*%0,-,;,+?;/'4,6'(07)+,F*7'J
7) >(,( 1),% 7*0,(,/,-, G;,/?6,&*77,-, 6/*9H) = ()0 4
+*(7'94*&*/4*(*/%7,%'(,2+)0,%7GJD*9(G6)�%J6).,C�
0)/87)6,5*/,.:�6'4'(*+<7,I&(,;/'7G+*4,9(*.;*/)(G/*
>+*0(/,784%4,*.%+,F7,.1),('&*%0'7);/)4+*77,.64'�
F*7''2+)-,6)/?;/'&G6).04)7(,4,9.*1)7'0'G.G6/?J(%?
 ,21,6'(<!',78/*C*(0':
)%%*'4)J(%?F*,7'+'2,7)
5).*7?JD'1 ',78 ;/'.*%?1I , .*%(,;,+,F*7'' 0,(,/81
>+*0(/,7).7*4*6,.,@>(,;/,'%1,6'(';/'NQ�AI+'2,7)
,(0+,7?JD'1%?2+)-,6)/?(*.;*/)(G/78.0,+*2)7'?.@'.*�
JD'..*%(,;/',(+'&7,9,(7G+?(*.;*/)(G/*A,(%4,'1
;,+,F*7'9/)47,4*%'?',7)1:
�,7?(7,I&(,4����-,6G4%*-,>(,-,�/G6*57)(<7*.,-=

,%()4)+,%<*D*C*%(<+*(6,%,56)7'? .,6*+';G6'7-)!I
(/'7)6E)(<+*(6,2,/,4%0'1;,%(G+)(,4'2,+**&*(4*/('
4*0)6,%,56)7'?04)7(,4,9(*,/''''5G&*7'?7)**,%7,4*
%4,9%(448/,F6*77,-,-)5)>+*0(/,7,4';,4*6*7'?04)7(,�
4,9&)%('E84;*/',6'&*%0,.;,(*7E')+*/*C*(0':�67)0,
,0)5)+,%<I&(,.,6*+<0+)%%'&*%0,-,'6*)+<7,-,-)5)>+*0(�
/,7,4I;,.*D*77814,47*C7**>+*0(/'&*%0,*;,+*I;,54,�
+'+);,+G&'(<5).*&)(*+<7GJH,/.G+G6+?;/,4,6'.,%('I
%4?584)JDGJ;+,(7,%(< (,0) %7);/?F*77,%(<J >+*0(/'�
&*%0,-, ;,+?: �+*6G? 4 (, 4/*.? GF* 1,/,C, '54*%(7,9
.,+*0G+?/7,9(*,/''I�/G6*;/*6;,+,F'+I&(,;/'%4,*.
64'F*7''>+*0(/,78I;,6,27,%,4,0G;7,%('.,+*0G+'6*�
)+<7,-, -)5)I %()+0'4)J(%? ' 4 ;/,E*%%)1 %(,+07,4*7'9
1),('&7,.*7?J(7);/)4+*7'*%4,*-,'.;G+<%):�*+'&'7)
;/,4,6'.,%('.*()++),0)5)+)%<;/,;,/E',7)+<7,94/*.*�
7'.*F6G()0'.'%(,+07,4*7'?.':�/'>(,.;/'/,6)%(,+�
07,4*7'96+?%;/)4*6+'4,%(';,+G&*77,-,/*5G+<()(),%()�
4)+)%<7*,&*7< %GD*%(4*77,9= >(,.,-+'28(<I0)0'4
'6*)+<7,.-)5*I%(,+07,4*7'?.*F6G%).'.'>+*0(/,7).'I)
.,-+'28(<'%(,+07,4*7'?%6/G-'.',23*0().':�).�/G6*
;/*6;,+)-)+I &(, >+*0(/,78 ,(()+0'4)J(%? ,( %*/6E*4'7
7*;/,7'E)*.81',7,4:
�)0GF*28+,%0)5)7,I%(/,-)?(*,/'?>+*0(/,;/,4,67,%�

('.*()++,42G6*(%,56)7)*D*&*/*5&*(4*/(<4*0)I);,0)
G&*78*%;,/'+',5)4'%'.,%('4/*.*7'/)%%*?7'?I)%+*6,�
4)(*+<7, ' ;/,4,6'.,%('I ,( (*.;*/)(G/8: �.*+'%< (/'
(,&0'5/*7'?:�����-,6GB97C(*976+?,23?%7*7'?;,4*�
6*7'?(*;+,*.0,%('(4*/681(*+;/'7'50'1(*.;*/)(G/)1
;/*6+)-)*( /)%%.)(/'4)(< &)%('E8I ,2/)5GJD'* /*C*(0GI
0)0 ,%E'++?(,/8I '%;8(84)JD'* (*.;*/)(G/78* 0,+*2)�
7'?:�,>(,.G;*/4)?(*,/'?I,%7,484)?%<7).,6*+'B97�
C(*97)'G&'(84)?I&(,;/')2%,+J(7,.7G+*(*.;*/)(G/
64'F*7'*,%E'++?(,/,45).'/)*(IG(4*/F6)+)I&(,;/,4,6'�

.,%(<.*()++);/'%4*/17'50'1(*.;*/)(G/)16,+F7)%(/*�

.'(<%?02*%0,7*&7,%(':�(,/)?(*,/'?I7),2,/,(IG(4*/F6)�
+)I &(, ;/' ;,7'F*7'' (*.;*/)(G/8 5).'/)*( ()0F* '
64'F*7'*>+*0(/,7,4I;,>(,.G;/,4,6'.,%(<.*()++)6,+F�
7)%(/*.'(<%?07G+J:�)0,7*EIG&*(7)+'&'?;/'.*%*9I7)
0,(,/81>+*0(/,78.,-+'28/)%%*'4)(<%?'4,(%G(%(4'*
(*;+,4,-,64'F*7'?I;/'4,6'+0484,6GI&(,4()0,..*()+�
+*;/,4,6'.,%(<,%()*(%?0,7*&7,9';/'7G+*4,9(*.;*/)�
(G/*:�/'>(,.4,(%G(%(4'*;/'.*%*9>+*0(/,7).%()+0'�
4)(<%?,0)584)*(%?7*%0*.I';/,4,6'.,%(<&'%(,-,.*()++)
6,+F7) %(/*.'(<%? 0 2*%0,7*&7,%(' = *-, %,;/,('4+*7'*
;*/*7,%G5)/?6)6,+F7,'%&*57G(<:
�).*/+'7-��77*%;/'7'.)*(G&)%('*4>(,96'%0G%%'''

7)1,6'(%? %/*6' (*1I 0(, 4*/'(I &(, ;/' ;/'2+'F*7''
(*.;*/)(G/8 0 )2%,+J(7,.G 7G+J %,;/,('4+*7'* &'%(,-,
.*()++)%(/*.'(%?07G+J@(:*:*-,;/,4,6'.,%(<=4*+'&'�
7)I,2/)(7)?%,;/,('4+*7'JI=%(/*.'(%?02*%0,7*&7,%('A:
� ,(+'&'* ,( (*,/*('0,4I ,7 ?4+?*(%?  .,7,;,+'%(,.! 4
>0%;*/'.*7()+<7,.'%%+*6,4)7''%4*/17'50'1I;,(*.4/*�
.*7).I (*.;*/)(G/: �,4*/C*7%(4G? ;/*6+,F*7789 /)7**
�J)/,. 0)%0)6789 .*(,6 %F'F*7'? -)5,4I O  �).*/+'7-�
�77*%4���T-,6G%F'F)*(-*+'9=;,%+*67'9'5>+*.*7(,4
()2+'E8�*76*+**4)I,%()4)4C'9%?;/'7,/.)+<7,.6)4+*�
7'' -)5,,2/)578. 4;+,(< 6, (*.;*/)(G/8 SIO � @;,&('
OT� }− ° A:�.*77,�).*/+'7-��77*%4/*5G+<()(*(D)(*+<�

781'6,+-'1'5.*/*7'9,;/*6*+?*((*.;*/)(G/G0';*7'?
-*+'?: �/,64'-)?%< 6)+** 4 ,2+)%(< 7*'%%+*6,4)77,-,I 4
���f-,6G,7,27)/GF'4)*(',;'%84)*(G6'4'(*+<7,*?4+*�
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H H
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= = π ρ 3���������������������*B0

5��� ( )BB = HE3EC BD � &5 �� −= ⋅ ⋅ � ,� 5($���$;�'  $6� �'��'6 �

 $63� =K

=
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K
=

� � �= π ρ -���������������������������*H0
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1 1 1
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=

� � �= π ρ �������������������������*=0
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