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!

! "#$%!

&'()!(*+(!(*)!,-..)/)01)! 2/+3 2/+3

% "! !− !,')4!0'(!,)5)0,!'0!(*)!1*'-1)!'.!6*)/)! 2/+3 #!78! = !

!

98!:+;!<*)!.'/1)!'.!2/+3-(=!-4!1'04(+0(>!4'!(*)!6'/?!-(!,')4!-4!2-3)0!@=!" # $= ⋅
! !

>!6*)/)!
!

# -4! (*)! .'/1)! +0,!
!

$ ! -4! (*)! ,-45A+1)B)0(8! <*)! .'/1)! -4! 3)/(-1+AA=! ,'606+/,! +0,! *+4!

B+20-(C,)!%&>!6*)/)!%!-4!(*)!B+44!'.!(*)!.A+?)>!4'!(*-4!/),C1)4!('! 2/+3 >" %&'= !6*)/)!'!

-4!(*)!/+,-C4!'.!(*)!@'6A!+0,!(*)!*)-2*(!./'B!6*-1*!(*)!.A+?)!.+AA48!<*C4!

!

( )( )( )2/+3 9 % 9%8## "# !?2 D8E! B 4 #8%%#!B F89" "# 78" %&' − −= = × = × !

!

:@;!<*)!.'/1)!'.!2/+3-(=!-4!1'04)/3+(-3)>!4'!(*)!1*+02)!-0!2/+3-(+(-'0+A!5'()0(-+A!)0)/2=!'.!

(*)!.A+?)$G+/(*!4=4()B!-4!(*)!0)2+(-3)!'.!(*)!6'/?!,'0)H! 2/+3 2/+3 9F89" "# !78! " −∆ = − = − × !

!

:1;!I.! 2/+3

% #!7! = +(!(*)!@'(('B>!(*)0!+(!(*)!('5!(*)!5'()0(-+A!)0)/2=!-4!!

!
2/+3 9

" F89" "# !78! −= × !

!

:,;!I.! 2/+3

" #!7! = +(!(*)!('5>!(*)0!+(!(*)!@'(('B!(*)!5'()0(-+A!)0)/2=!-4!!

!
2/+3 9

% F89" "# !78! −= − × !

!

:);!JAA!(*)!+046)/4!+/)!5/'5'/(-'0+A!('!(*)!B+44!'.!(*)!.A+?)8!I.!(*)!B+44!-4!,'C@A),>!+AA!

+046)/4!+/)!,'C@A),8!

!

F8!I0!)+1*!1+4)>!6)!C4)!(*)!.+1(!(*+(! 2/+3 2/+3 8" ! %& (= −∆ = − ∆ !

!

:+;!<'!5'-0(!)>!(*)!6'/?!,'0)!@=!2/+3-(=!-4! 2/+3 #!78" %& (= − ∆ = !

!

:@;!<'!5'-0(!*>!(*)!6'/?!,'0)!@=!2/+3-(=!-4! ( )2/+3
% %8" %& ( %& + %&+= − ∆ = − − = !

!!

:1;!<'!5'-0(!,>!(*)!6'/?!,'0)!@=!2/+3-(=!-4! ( )2/+3 8" %& ( %& + %&+= − ∆ = − − = !

!

:,;!K-(* 2/+3 #!78,! = >!6)!'@(+-0! 2/+3 %8*! %&+= !

!

:);!K-(* 2/+3 #!78,! = >!6)!'@(+-0! 2/+3 8)! %&+= !

!

:.;!JAA!(*)!+046)/4!+/)!5/'5'/(-'0+A!('!(*)!B+44!'.!(*)!'@L)1(8!I.!(*)!B+44!-4!,'C@A),>!+AA!

+046)/4!+/)!,'C@A),8!

!

M8!:+;!<*)!'0A=!.'/1)!(*+(!,')4!6'/?!'0!(*)!@+AA!-4!(*)!.'/1)!'.!2/+3-(=N!(*)!.'/1)!'.!(*)!/',!

-4!5)/5)0,-1CA+/!('!(*)!5+(*!'.!(*)!@+AA!+0,!4'!,')4!0'!6'/?8!I0!2'-02!./'B!-(4!-0-(-+A!

!

! "#$%!

&'!()*!+,-!./01-!/.!20)3456!47!1/875)859!7/!5,-!:/0;!45!</-7!47!243-8!=6!! " #= ⋅
! !

9!:,-0-!
!

" ! 47! 5,-! ./01-! )8<!
!

# ! 47! 5,-! <47>?)1-@-85'! +,-! ./01-! 47! 3-0541)??6! </:8:)0<! )8<! ,)7!

@)2845A<-!$%9!:,-0-!$!47!5,-!@)77!/.!5,-!78/:=)??'!+,-!-B>0-774/8!./0!5,-!:/0;!0-<A1-7!

5/! 20)3 9! $%&= !:,-0-!&!47!5,-!,-42,5!5,0/A2,!:,41,!5,-!78/:=)??!<0/>7'!+,A7!

!

( )( )( )20)3 C"'D#!;2 E'F! @ 7 "C'D!@ "F%!G'! $%&= = = !

!

(=*!+,-!./01-!/.!20)3456!47!1/87-03)543-9!7/!5,-!1,)82-!48!5,-!>/5-854)?!-8-026!/.!5,-!

78/:=)??$H)05,!7675-@!47!5,-!8-2)543-!/.!5,-!:/0;!45!</-7I! 20)3 20)3 "F%!G'' !∆ = − = − ! 
!

(1*!J.!5,-!>/5-854)?!-8-026!/8!5,-!1?4..!47!5);-8!5/!=-! " #!G9' = !5,-!>/5-854)?!-8-026!/8!5,-!

20/A8<!47! C "F%!G'' = − !

!

F'!K5!457!?/:-75!>/4859!5,-!=)??!47!)!3-0541)?!<475)81-!(!=-?/:!5,-!>43/5'!!K5!457!,42,-75!

>/4859!5,-!=)??!47!)!3-0541)?!<475)81-! 1/7( θ !=-?/:!5,-!>43/5'!!!
!

()*! +,-! 3-0541)?! 1/@>/8-85! /.! 5,-! <47>?)1-@-85! 3-15/0! 47! </:8:)0<! :45,! @)2845A<-!

( )" 1/7)# ( θ= − 9!7/!5,-!:/0;!</8-!=6!5,-!20)345)54/8)?!./01-!47!

!

( )20)3 20)3 " 1/7 '! " # $%( θ= ⋅ = −
!!

!

!

(=*!L0/@!HM'!"#$D9!:-!,)3-! ( )20)3 20)3 " 1/7 '' ! $%( θ∆ = − = − − ! 
!

(1*!J.!5,-!>/5-854)?!-8-026!)5!457!?/:-75!>/485!47!5);-8!5/!=-! C #!G9' = !5,-!>/5-854)?!-8-026!

)5!457!0-?-)7-!>/485!47! ( )" " 1/7 '' $%( θ= − !

!!

(<*! L/0! 20-)5-0! )82?-! 9θ ! 5,-! <4..-0-81-! 48! 3-0541)?! >/7454/8! =-5:--8! 5,-! 5:/! 75)5-7! 47!
20-)5-0N:-!-B>-15!)??!5,-7-!MA)85454-7!1)?1A?)5-<!)=/3-!5/!,)3-!?)02-0!@)2845A<-7'!!+,47!

47!0-.?-15-<!48!5,-!-MA)54/879!7481-!)7!θ !4810-)7-79! 1/7θ !<-10-)7-7'!
!

E'!O-!)77A@-!5,-!>/74543-!)!<40-154/8!5/!=-!A>:)0<'!!+,-!1,)82-!48!,-42,5!<A0482!5,47!

P'#7*∆ = !.?42,5!47!

!

( ) ( )( ) ( )( )C CC" "
"! C C

C%@ 7 P'#!7 E'F! @ 7 P'#!7 QC!@') )) + * , *∆ = ∆ + ∆ = + − = −
!

!

+,-0-./0-9! ( )( )( )C20)3 "'#!;2 E'F! @ 7 QC!@ QC#!G'' $% )∆ = ∆ = − = − !

!

"#'!()*!+,-!1/@>0-774/8!/.!5,-!7>0482!47!#!R!#'"C!@'!+,-!:/0;!</8-!=6!5,-!./01-!/.!

20)3456!()15482!/8!5,-!=?/1;*!47!

!

!

! "#$%!

( )( )( )&'() *#+*%!,& -+.! / 0 #+"*!/ #+*-!1+! "#$= = = !

!

234!567!89',!:9;7!3<!=67!0>'?;&!?0!

!

( )( )*0>'?;& *" "
* *

*%#@ / #+"*!/ "+.!1+! %$= − = − = − !

!!

2A4!567!0>77:! "& '9B!=67!3C9A,!DE0=!37B9'7!?=!6?=0!=67!0>'?;&!?0!B9E;:!B'9/!=67!89',$,?;7=?A!

7;7'&<!=679'7/!!
* &'() 0>'?;&"
"*

# +( "& ! !∆ = − = + !

!

F9C)?;&!B9'!=67!0>77:!<?7C:0!

!

( ) ( )&'() 0>'?;&

"

* * #+*-!1 "+.!1
G+%!/H0+

#+*%!,&

! !
&

"

− + − −
= = = !

!

2:4!IB!87!?;0=7(:!6(:! " J+-K/ 0L& = 87!89EC:!6()7!

!
* &'() 0>'?;& *" "
"* *

# +( "& ! ! "#$ %$∆ = − = + = − !

!

F9C)?;&!B9'!$!2(;:!A6990?;&!=67!>90?=?)7!'99=4!<?7C:0!

!

( )( ) ( ) ( ) ( )( )( )
( )

* * *

"

** ** *#+*%!,& -+. !/ 0 #+*%!,& -+. !/ 0 #+*%!,& *%#! @ / J+-K/ 0

*%#! @ /

#+*G!/+

"# " # "%&
$

%

+ +
=

+ +
=

=

!

!

!

""+!2(4!567!>9=7;=?(C!7;7'&<!A6(;&7!?0!!

!

( )( )( )&'() G * G*+## "# !,& -+.! / 0 #+**#!/ K+G" "# !1+) "#* − −∆ = − = − × = − × !

!

F?;A7!=67!BC(,7!37&?;0!(=!'70=L!?=0!B?;(C!,?;7=?A!7;7'&<!?0! &'()

* L( ) "#*= −∆ = !(;:!?=0!B?;(C!

0>77:!?0! ( )( )*

* * * * -+.! / 0 #+**#!/ *+#.! / 0+& ( " #*= = = = !

!

234!M7!;9=7!B'9/!2(4!=6(=!=67!0>77:!:970!;9=!:7>7;:!9;!=67!/(00!9B!=67!BC(,7+!567!0>77:!

89EC:!37!=67!0(/7L!*+#.!/H0L!'7&(':C700!9B!=67!/(00!9B!=67!BC(,7+!

!



!

! "#$%!

( )( )( )&'() *#+*%!,& -+.! / 0 #+"*!/ #+*-!1+! "#$= = = !

!

234!567!89',!:9;7!3<!=67!0>'?;&!?0!

!

( )( )*0>'?;& *" "
* *

*%#@ / #+"*!/ "+.!1+! %$= − = − = − !

!!

2A4!567!0>77:! "& '9B!=67!3C9A,!DE0=!37B9'7!?=!6?=0!=67!0>'?;&!?0!B9E;:!B'9/!=67!89',$,?;7=?A!

7;7'&<!=679'7/!!
* &'() 0>'?;&"
"*

# +( "& ! !∆ = − = + !

!

F9C)?;&!B9'!=67!0>77:!<?7C:0!

!

( ) ( )&'() 0>'?;&

"

* * #+*-!1 "+.!1
G+%!/H0+

#+*%!,&

! !
&

"

− + − −
= = = !

!

2:4!IB!87!?;0=7(:!6(:! " J+-K/ 0L& = 87!89EC:!6()7!

!
* &'() 0>'?;& *" "
"* *

# +( "& ! ! "#$ %$∆ = − = + = − !

!

F9C)?;&!B9'!$!2(;:!A6990?;&!=67!>90?=?)7!'99=4!<?7C:0!

!

( )( ) ( ) ( ) ( )( )( )
( )

* * *

"

** ** *#+*%!,& -+. !/ 0 #+*%!,& -+. !/ 0 #+*%!,& *%#! @ / J+-K/ 0

*%#! @ /

#+*G!/+

"# " # "%&
$

%

+ +
=

+ +
=

=

!

!

!

""+!2(4!567!>9=7;=?(C!7;7'&<!A6(;&7!?0!!

!

( )( )( )&'() G * G*+## "# !,& -+.! / 0 #+**#!/ K+G" "# !1+) "#* − −∆ = − = − × = − × !

!

F?;A7!=67!BC(,7!37&?;0!(=!'70=L!?=0!B?;(C!,?;7=?A!7;7'&<!?0! &'()

* L( ) "#*= −∆ = !(;:!?=0!B?;(C!

0>77:!?0! ( )( )*

* * * * -+.! / 0 #+**#!/ *+#.! / 0+& ( " #*= = = = !

!

234!M7!;9=7!B'9/!2(4!=6(=!=67!0>77:!:970!;9=!:7>7;:!9;!=67!/(00!9B!=67!BC(,7+!567!0>77:!

89EC:!37!=67!0(/7L!*+#.!/H0L!'7&(':C700!9B!=67!/(00!9B!=67!BC(,7+!

!

!

! "#$%!

&'(!)**!+,!-./!0/12*-1!30/!45'/6/5'/5-!+,!-./!7311!+,!-./!83**95+!:.35;/<!

!

"=<!&3(!>45:/!-./!6+-/5-43*!/5/0;?!.31!5+-!:.35;/'!45!;+45;!,0+7!-./!454-43*!6+45-!-+!6+45-!

!@!-./!A45/-4:!/5/0;?!35'!-./!16//'!30/!-./!137/!31!B/**<!!C./0/,+0/@! "<!" "= !

!

&8(! D6+5! 0/3:.45;! 6+45-! #@! -./! 6+-/5-43*! /5/0;?! .31! :.35;/'! 8?! ;03E F<$ %&'∆ = − !!

G+51/0E45;!/5/0;?!( );03E

"#( ( $− = −∆ */3'1!-+!

!

( ) ( );03E F"
" "F F

"

F F F
<#

( $ %" %&'
" " &'

% %

− ∆ +
= = = + !

!

&:(! D6+5! 0/3:.45;! 6+45-! )@! -./! 6+-/5-43*! /5/0;?! .31! :.35;/'! 8?! ;03E <$ %&'∆ = − !!

G+51/0E45;!/5/0;?!( );03E

")( ( $− = −∆ */3'1!-+!

!

( ) ( );03E F"
" "F F

"

F F
F <)

( $ %" %&'
" " &'

% %

− ∆ +
= = = + !

!

&'(!H-!B4**!0/3:.!3!./4;.-! F @' !3-!B.4:.!6+45-!4-1!A45/-4:!/5/0;?!B4**!8/!I/0+<!!C./!6+-/5-43*!

/5/0;?!.31!45:0/31/'!8?! ( );03E

F <$ %& ' '∆ = − !!J/!:+51/0E/!/5/0;?!( );03E

F "( ( $− = −∆ !

-+!,45'!!
F F"
"" F "

F <
F

%"( "
' ' ' '

%& %& &
= + = + = + !

!

&/(!)**!+,!-./1/!0/12*-1!30/!45'/6/5'/5-!+,!-./!7311!+,!-./!:+31-/0<!!C.21@!3!'4,,/0/5-!7311!

,+0!-./!:+31-/0!721-!*/3'!-+!-./!137/!0/12*-1<!

!

"K<!C./!454-43*!16//'!+,!-./!-02:A!41! L

" "L# "# 7 LM## 1 LM!7 1<" = × = !!C./!0376!73A/1!

35!35;*/! "Kθ = ° !B4-.!-./!.+04I+5-3*<*
!

&3(!C./!:.35;/!45!-./!-02:AN1!6+-/5-43*!/5/0;?!31!4-!:*4781!-./!0376!41! ;03E 145 <$ %&+ θ∆ = !!

J/!:+51/0E/!/5/0;?O! ;03E

F " @( ( $− = −∆ !B.4:.!*/3'1!-+! ( )F F"
F "F

145 <% " " %&+ θ− = − !!J/!

B35-!-./!-02:A!-+!:+7/!-+!3!1-+6@!1+! F #! 7 1<" = !!C./0/,+0/@!!

!

( )
( )( )

FF

"

F

LM !7 1
FM#!7<

F 145 F P<Q !7 1 145"K

"
+

& θ
= = =

°
!

!

&8(!C./!0/R240/'!*/5;-.!'+/1!5+-!'/6/5'!+5!-./!7311!+,!-./!-02:A<!H-!0/73451!-./!137/!4,!

-./!7311!41!0/'2:/'<!

!

! "#$%!

!

&'(!)*!+,-!./--0!1.!0-'2-3.-04!!!0-'2-3.-.!.15'-! 6

" 7! "∝ !

!

"87!9+! 1+.! :;<-.+!/;15+4! +,-!=3::! 1.!3!>-2+1'3:!01.+35'-!!!=-:;<! +,-!/1>;+7! !9+! 1+.!,1?,-.+!

/;15+4!+,-!=3::!1.!3!>-2+1'3:!01.+35'-! ';.! θ !=-:;<!+,-!/1>;+7!!@,-!',35?-!15!1+.!/;+-5+13:!
-5-2?A!3.!1+!+23>-:.!*2;B!1+.!,1?,-.+!/;15+!+;!1+.!:;<-.+!1.! ( )?23> " ';. 7# $%! θ∆ = − − !

!

&3(!@,-!=3::!.+32+.!3+!+,-!,1?,!/;15+!<1+,!5;!C15-+1'!-5-2?A7!!)+.!C15-+1'!-5-2?A! 6& !3+!+,-!

:;<-.+!/;15+!1.! ( )?23>

6 " ';. 4& # $%! θ= −∆ = − !.;!+,-!./--0!3+!+,-!:;<-.+!/;15+!1.!

!

( ) ( )( )( )66
6

6
6 " ';. 6 D7%! B . 67##!B " ';.E#7# 676D !B .7

&
" %!

$
θ= = − = − ° = !

!

&=(!@,-!./--0!0;-.!5;+!0-/-50!;5!+,-!=3::F.!B3..7!@,G.4!3!01**-2-5+!B3..!*;2!+,-!=3::!

<;G:0!5;+!',35?-!+,-!2-.G:+7!

!

"H7! &3(! @,-! ',35?-! 15! /;+-5+13:! -5-2?A! 3.! +,-! .5;<=3::! *3::.! 3! 01.+35'-! "67I!B' = ! 1.!
?23> 7# $%'∆ = − !!J2;B!';5.-2>3+1;5!;*!B-',351'3:!-5-2?A4!+,-!C15-+1'!-5-2?A!<,-5!1+!,1+.!

+,-!?2;G50!1.!
?23> 6"

6 " "6
7& & # $" $%'= − ∆ = + !

!

@,-2-*;2-!+,-!./--0!;*!+,-!.5;<=3::!KG.+!3.!1+!,1+.!+,-!?2;G50!1.!

!

( ) ( )( )6 66

6 " 6 "L7#! B . 6 D7%! B . "67I!B 6"7# !B .7" " %'= + = + = !!!

!

&=(!!@,-!./--0!0;-.!5;+!0-/-50!;5!+,-!012-'+1;5!;*!+,-!151+13:!>-:;'1+A4!;5:A!+,-!B3?51+G0-!

;*!+,-!151+13:!>-:;'1+A7!!@,-2-!<;G:0!=-!5;!',35?-!15!+,-!./--07!

!

&'(!!@,-!./--0!0;-.!5;+!0-/-50!;5!+,-!B3..!;*!+,-!.5;<=3::7!!!@,G.4!',35?15?!+,-!B3..!;*!

+,-!.5;<=3::!0;-.!5;+!',35?-!+,-!./--07!

!

"%7!M-+!+,-!;21?15!3+!+,-!/;.1+1;5!;*!+,-!G5';B/2-..-0!./215?!<1+,!+,-!/;.1+1>-!(!3N1.!

/;15+15?!G/7!!!

!

&3(!!O,-5!+,-!.+;5-!1.!15!+,-!-PG1:1=21GB4!+,-!5-+!*;2'-!3'+15?!;5!+,-!.+;5-!1.!Q-2;4!.;!
?23> ./215?7( () )= !!@,-!./215?!';5.+35+!1.!+,-2-*;2-!!

!

( )( )6
"

%7##!C? D7%! B .
H%L! R B7

#7"##!B

$%
*

(
= = = !

!

&=(!SG.+!=-*;2-!2-:-3.-4!+,-!/;+-5+13:!-5-2?A!;*!+,-!./215?!1.!

!

! "#$%&!

( )
( ) ( ) ( ) ( )( )( )

'() % %"
% "%

% % %"
%
*#!+, %%' - %.' - *#!+, /01' - ".!'

""!+20

! " # $ % % $& '∆ = ∆ + ∆ = − + ∆

 = − + − 
= −

!

!
.*0!34(!)456,(!76!'()4567)58!(6(9,:!;<(!=>!579!;95,!7-!!
!

( )
( ) ( ) ( ) ( )( )( )

'() % %"
% "%

% % %"
%
#0#?@!+, "#0@' - "%' - #0#?@!+, /01' - "0#!'

#0@&!20

! " # $ % % $& '∆ = ∆ + ∆ = − + ∆

 = − + 
= −

!

!

.?0!A6!B6,87-4!<67=-C!=4(!767=758!-D((;!>E!=4(!F588!7-! " "%#!E= -% = !56;!=4(!'5--!>E!=4(!F588!7-!

#0#"?@!-8<,0$ = !!GH((!IDD(6;7J!K!E>9!)>6L(9-7>6!E5)=>9-0M!!34(!)456,(!76!'()4567)58!

(6(9,:!;<(!=>!579!;95,!7-!!
!

( )
( ) ( ) ( )

'() % %"
% "%

% %"
%
#0#"?@!-8<, ""#E= - "%#E= -

%#0"!E= 8F0

! " $ % %∆ = ∆ = −

 = − 
= − ⋅

!

!
!
.10!G5M!K<976,!>6(!-()>6;C!=4(!)456,(!76!,95L7=5=7>658!D>=(6=758!(6(9,:!7-!
!
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