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A,-$00'-$9! S?%'83$!3$!%?;80/-'87! T,U87!3$!0V8%C'-$!DL'00'$%9!3$!WLH!

`>;%+9#! 2a!V!5NO!(! 5Y2O!333!

s>9%,! 5N!H!Y3!<&9! 5]5P]!

c&<>, ! 22!H!^O!<&9! 5Q]PQ!

J9$#'>(#! 5!( !Q!H!]^ !<&9! 2^QP!̂

oD;HV,! 5!( !25!H!5Q!<&9! 2aYPa!

L&89D! 2!( !5O!H!Y5!<&9! ^OOPa!

C#,!>99#>%*!,89;!G8+<D,!(#!(&F#+,!D'D<#9;,!1$>&''8%*P!:8%,,&.+#,!#;!='8$,!(#!?'>$#6!989!+#?+8%:D,!
#9;+#! #%*! #;! ;8%+9>9;!>%;8%+! (#! `>;%+9#B! E9! $89,&(.+#! \%#! '#,!>,;+#,! ,89;! :89$;%#',P! \%#! '#,!
;+>A#$;8&+#,!,89;!$&+$%'>&+#,!#;!\%#!'#!<8%F#<#9;!#,;!%9&G8+<#B!

5B' W8%+!D;%(&#+!'#!<8%F#<#9;!(#,!,>;#''&;#,!(#!`>;%+9#P!&'!$89F&#9;!(#!,#!:'>$#+!(>9,!%9!+DGD+#9;&#'!
:>+;&$%'&#+!\%#!'M89!:#%;!>::#'#+!p!,>;%+98$#9;+&\%#!q!:>+!>9>'8?&#!T!p!?D8$#9;+&\%#!qB!08<<#9;!
(DG&9&+!'#!+DGD+#9;&#'!p!,>;%+98$#9;+&\%#!q!_!

2B' t!:>+;&+!(%!=&'>9!(#,!G8+$#,!#*#+$D#,!,%+!%9!,>;#''&;#!:>+!`>;%+9#!189!9D?'&?#!'M>$;&89!(#,!>%;+#,!
>,;+#,6P!D;>='&+!'>!+#'>;&89!\%&!+#'&#!'>!F&;#,,#!$!(%!,>;#''&;#P!'#!+>V89!@!(#!,89!8+=&;#P!'>!<>,,#!CD!
(#!`>;%+9#!#;!'>!$89,;>9;#!B!(#!?+>F&;>;&89!%9&F#+,#''#B!!

^B' b989$#+! '>! ;+8&,&.<#! '8&! (#! u#:'#+B! LD;#+<&9#+! T! :>+;&+! (#! $#''#4$&! '>! <>,,#! (#! `>;%+9#! #9!
%;&'&,>9;!'#,!(899D#,!+#'>;&F#,!T!'M%9!(#,!,>;#''&;#,B! !1W8%+!L&89D!X!c `>;%+9#!U!]PO5$532N!d?6!

YB' E9!9D?'&?#!'M>$;&89!(#,!D'D<#9;,!'#,!%9,!,%+!'#,!>%;+#,!(#F>9;!'M>$;&89!(#!'M>,;+#!,%+!$H>$%9!(#,!
D'D<#9;,B!S!#;! /!D;>9;! (#%*!D'D<#9;,! (#!(#%*!>99#>%*!(&GGD+#9;,!&9&;&>'#<#9;!>'&?9D,!>F#$! '#!
$#9;+#!(#!`>;%+9#P!$#;!>'&?9#<#9;!,#+>4;4&'!$89,#+FD!_!s%,;&G&#+!'>!+D:89,#B!

!

"#$%&'&$!()1!*!R<,L.9!?0$&-%'M/$!$-!L,O7?-'M/$!!
@9#! :>+;&$%'#! $H>+?D#! 9D?>;&F#<#9;! (#! :8&(,! 9D?'&?#>='#! :D9.;+#! >F#$! %9#! F&;#,,#!$%! (>9,!
( &GGD+#9;,!$H><:,!%9&G8+<#,!\%&!:#%F#9;!K;+#!D'#$;+&\%#!8%!<>?9D;&\%#B!!

-9(&\%#IP!,#'89!'#!<8%F#<#9;!%';D+&#%+!(#!'>!:>+;&$%'#P!(#!\%#'!;V:#!(#!$H><:!&'!,)>?&;B!v>&;#,!(>9,!
'#,! \%>;+#! $>,! %9! $+8\%&,! #;! +#:+D,#9;#I! '>! ;+>A#$;8&+#! (#! '>! :>+;&$%'#P! '>! G8+$#! \%)#''#! ,%=&;! #;! '#!
F#$;#%+4$H><:!#9!\%#,;&89B!c8;&F#I!F8;+#!$H8&*n!!

L.,!\%)#''#!#9;+#!(>9,!'#!$H><:!
5B' '>!:>+;&$%'#!(D$+&;!%9!<8%F#<#9;!+#$;&'&?9#!%9&G8+<#P!
2B' '>!:>+;&$%'#!(D$+&;!%9!<8%F#<#9;!+#$;&'&?9#!%9&G8+<D<#9;!+#;>+(DP!
^B' '>!:>+;&$%'#!(D$+&;!%9!<8%F#<#9;!$&+$%'>&+#!%9&G8+<#P!
YB' '>!:>+;&$%'#!(D$+&;!%9!<8%F#<#9;!:>+>=8'&\%#B!
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!

"#$%#&'!()#*#+$&$#,!-.+#!/0!12323423256!!!4!7#+,&89!,#:;#<=+#!2323! :>?#!O!
!

"#$%&'&$!()6!*!X0$&-%87!3,79!/7!&<,L.!L,O7?-'M/$ !
@9!D'#$;+89!#,;!#9F8VD!>F#$!%9#!F&;#,,#!$%!H8+&I89;>'#! (#!98+<#!2h53O!<Z,! (&+&?D#!F#+,! '>! (+8&;#!
(>9,! %9#! +D?&89! (#! ')#,:>$#! 8i! +.?9#! %9! $H><:! <>?9D;&\%#! %9&G8+<#!! (#! 98+<#! 53!<o P!
:#+:#9(&$%'>&+#!>%!F#$;#%+!F&;#,,#B!

5B' v>&;#,!%9#!G&?%+#!#;!:+D$&,#I!'#!,#9,!(#!!:8%+!\%#!')D'#$;+89!,8&;!(DF&D!F#+,!'#!=>,B!!

2B' L899#I!'#,!$>+>$;D+&,;&\%#,!(#!'>!G8+$#!!\%)&'!,%=&;!#;!$>'$%'#I!,>!98+<#B!08<:>+#+!$#''#4$&!T!
$#''#!(#!,89!:8&(,!EB! 1F!U!^P23!h5345Y!m!%!535] !E6!

^B' 0>'$%'#I!'#!+>V89!G!(#!'>!;+>A#$;8&+#!#;!(#!'>!(%+D#!9D$#,,>&+#!A!:8%+!:>+$8%+&+!%9!;8%+!$8<:'#;B! !
! 1G!U!5P5Y!$<![!AU!^P]O!9,6!

YB' E9!(8%='#!'>!F&;#,,#!&9&;&>'#B!08<<#9;!F>+&#9;!'#!+>V89!#;!'>!:D+&8(#!_!c8;&F#I!n!! 1G:!U!2GH!A:!U!A6!

]B' j%)#,;4$#! \%&! $H>9?#P! '8+,\%)89! #9F8&#! '>! :>+;&$%'#! >F#$! %9#! F&;#,,#! &9&;&>'#! &(#9;&\%#P! <>&,!
:>+>''.'#!>%!$H><:!<>?9D;&\%#!_!c8;&F#I!n!

!

"#$%&'&$!():!*!+$!9.$&-%8O%,.<$!3$!L,99$!
78&$&!'#!,$HD<>!()%9!,:#$;+8?+>:H#!(#!<>,,#!X!

5B' W+D$&,#I! '>!9>;%+#!(#,!(&GGD+#9;,!$89,;&;%>9;,! (#!$#!
(&,:8,&;&G!#;!+>::#'#I!,89!%;&'&;DB!

2B' j%#''#! #,;! '>! 9>;%+#! (%! <8%F#<#9;! (#! :>+;&$%'#,!
$H>+?D#,!(>9,!$H>$%9#!(#,!$H><=+#,!_!!

^B' S::'&$>;&89X!

L#,!&89,!IJ +KL! ,89;!>$$D'D+D,! ,8%,!%9#! ;#9,&89! (#!
]33! 7B! 1E9! 9D?'&?#! '#! :8&(,! (#F>9;! '#,! >%;+#,!
G8+$#,!\%&!&9;#+F&#99#9;6B!

>B' LD;#+<&9#I!'#,!$>+>$;D+&,;&\%#,!1(&+#$;&89P!,#9,P!
98+<#6! (%! $H><:! <>?9D;&\%#!! \%&! (8&;!
+D?9#+!(>9,!'>!$>F&;D!HD<&$V'&9(+&\%#!:8%+!\%#!'#,!&89,!F&#99#9;!G+>::#+!'#!(D;#$;#%+!#9!S!T!
Y3!$<!(#!')#9(+8&;!8i!&',!:D9.;+#9;!(>9,!'>!$H><=+#B! 16!U!a]P2!<o6!

=B' J;>='&,,#I!%9#!+#'>;&89!#9;+#! '#!+>V89! (#! '>! ;+>A#$;8&+#! (#,!&89,!#;! '>! ;#9,&89!>$$D'D+>;+&$#B!
LD(%&,#I4#9!T!\%#''#!(&,;>9$#!' !(#!S!,#!;+8%F#!'#!'&#%!(M&<:>$;!(M&89,!IM+KL!>$$D'D+D,!,8%,!'>!
<K<#!;#9,&89B! 1' !U!5P5^$<6!

E9!(899#!X! <>,,#!()%9!&89!IJ +KL!X!^YPaNQ!%!

! ! <>,,#!()%9!&89!IM+KL!X!^NPaN]!%!


B


B

F


B
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!

"#$%#&'!()#*#+$&$#,!-.+#!/0!12323423256!!!4!7#+,&89!,#:;#<=+#!2323! :>?#!Q!
!

"#$%&'&$!()@!*!2'0-%$!3$!;'-$99$!
E9! &9;#+$>'#! #9;+#!'>! $H><=+#! ()>$$D'D+>;&89!
126! #;!'>! $H><=+#! (#! (DF&>;&89!1^6! ()%9!
,:#$;+8?+>:H#!(#!<>,,#!%9!G&';+#!1>::#'D!G&';+#!
(#!F&;#,,#!8%!G&';+#!(#!w&#96!;#'!\%#P!:8%+!%9!
;V:#! ()&89,! (899DP! %9&\%#<#9;! '#,! :>+;&$%'#,!
>V>9;! '>! <K<#! F&;#,,#!! :D9.;+#9;! (>9,! '>!
$H><=+#!1^6B!S!'M&9;D+&#%+!(%!G&';+#!+.?9#9;!%9!
$H><:!<>?9D;&\%#!!#;!%9!$H><:!D'#$;+&\%#!

! (89;! '#,! #GG#;,! $89A%?%D,! ,#! $8<:#9,#9;!
:8%+! '#,! :>+;&$%'#,!>V>9;! '>!F&;#,,#!!1$B4T4(B!
\%#!'#%+!<8%F#<#9;!#,;!+#$;&'&?9#!#;!%9&G8+<#!
T!;+>F#+,!'#!G&';+#6B!!

`>$H>9;! \%#! ')&9;#9,&;D! (%! $H><:! <>?9D;&\%#!! #,;! 5]3!<oP! (D;#+<&9#I! '#,! $>+>$;D+&,;&\%#,!
1(&+#$;&89P! ,#9,!#;!98+<#6! (%!$H><:!D'#$;+&\%#!!\%M&'!G>%;! ,%:#+:8,#+!T!! :8%+! \%#! ;8%;#,! '#,!
:>+;&$%'#,!>++&F#9;!(>9,!'>!$H><=+#!1^6!>F#$!'>!<K<#!F&;#,,#!(#!]P2]x53] !<Z,B! 1J!U!OQPQ!d7Z<6!
!
!

"#$%&'&$!()I!*!+$!&U&08-%87!
5B' LD$+&F#I!=+&.F#<#9;!'#!:+&9$&:#!(#!G89$;&899#<#9;!(%!$V$'8;+89B!

2B' @9!:+8;89!:D9.;+#!(>9,!%9!(D!(%!$V$'8;+89!>F#$!%9#!F&;#,,#!&9&;&>'#!(#!2h53O!<Z,B!!

>B' LD;#+<&9#I!'#,!$>+>$;D+&,;&\%#,!(%!$H><:!<>?9D;&\%#!\%&!(8&;!+D?9#+!(>9,!'#,!(D,!:8%+!\%#!
'#!:+8;89!#GG#$;%#!%9!<8%F#<#9;!$&+$%'>&+#!(#!+>V89!2!<!1>%!$8%+,!(%!:+#<&#+!(#<&4;8%+6B!!

=B' j%#''#!(8&;!K;+#!'>!;#9,&89!< !+D?9>9;!#9;+#!'#,!(D,P!,&!89!F#%;!\%#!'#!+>V89!(%!<8%F#<#9;!(%!
:+8;89! ,8&;! >%?<#9;D! (#! ]! y! >%! =8%;! (%!.%$L'$%! 3$L'Y-8/%! 1?>+(#I! Y! $H&GG+#,!
,&?9&G&$>;&G,!n6B!C>!;#9,&89!#9;+#!'#,!(D,!?>+(#4;4#''#!;8%A8%+,!'#!<K<#!,&?9#!_!J*:'&\%#I!n!!!
! 12>!X!6!U!53Y!<o![!2=!X!< !U!25Y!d76!

!

!

!

!

!

!

!

!

!

!

!

!

!

  
!
v

!
B

!
!

  
!
v

!
!
!
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!
B
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!

"#$%#&'!()#*#+$&$#,!-.+#!/0!12323423256!!!4!7#+,&89!,#:;#<=+#!2323! :>?#!a!
!

"#$%&'&$!)J!*!S%8-879!3,79!&U&08-%87!$-!78LC%$!3$!-8/%9!!
D%$.N&<,O$!E/'7!1F)I!H!

!
L>9,!%9!$V$'8;+89P!$8<:8,D!(#! (#%*!(#<&4$V'&9(+#,!#9!G8+<#!(#!p!L !q!>::#'D,!q(D,!qP!#;! :'>$D,!
(>9,!%9!$H><:!<>?9D;&\%#!1/U3Pa!o6!%9&G8+<#!:#+:#9(&$%'>&+#!>%!:'>9!(#! '>!G#%&''#P!(#,!:+8;89,!
,89;!>$$D'D+D,!T!:>+;&+!(%!+#:8,B!C#,!(#%*!+D?&89,!<>?9D;&\%#,!,89;!,D:>+D#,!:>+!%9#!+D?&89!(>9,!
'>\%#''#! '#!$H><:!<>?9D;&\%#!9#!+.?9#! :>,B!C)><:'&;%(#! (#! '>! ;#9,&89!>::'&\%D#!>%*!=8+9#,! (#,!
(#<&4$V'&9(+#,!#,;!(#!@!U!O]d7B!C>!:8'>+&;D!,)&9F#+,#!$H>\%#!G8&,!\%#!'#,!:>+;&$%'#,!:>+$8%+#9;!%9#!
(#<&4+DF8'%;&89B!
!
S%!:8&9;!`P!#9;+#!'#,!(D,P!,#!;+8%F#!%9#!,8%+$#!(#!:+8;89,B!
!
!
!
!
!
!
!
!
!
!
!
!
!
56!c89;+#+!\%#!'#!<8%F#<#9;!(#,!:+8;89,!(>9,!%9!(D!#,;!:'>9P!%9&G8+<#!#;!$&+$%'>&+#B!J9!(D(%&+#!
')#*:+#,,&89!(%!+>V89!(#!'>!;+>A#$;8&+#B!
!
26!LD;#+<&9#+!'#!,#9,!(%!$H><:!<>?9D;&\%#!:8%+!\%#!'#,!:+8;89,!(D$+&F#9;!(#,!(#<&4$#+$'#,!(>9,!
'#!,#9,!(#,!>&?%&''#,!()%9#!<89;+#!1F8&+!G&?%+#!$&4(#,,%,6B!
!
^6!LD;#+<&9#+!')#*:+#,,&89!(%!+>V89!(#!'>!;+>A#$;8&+#!()%9!:+8;89!#9!G89$;&89!(#!#P!<P!/!#;!@!X!!

>6!>:+.,!%9#!(#<&4+DF8'%;&89P!
=6!>:+.,!%9#!:+#<&.+#!+DF8'%;&89!$8<:'.;#P!
$6!>:+.,!m!+DF8'%;&89,B!

!
Y6!J9!(D(%&+#!'#!98<=+#!(#!+DF8'%;&89,!#GG#$;%D#,!:>+!'#!:+8;89!(>9,!'#!$V$'8;+89!()%9!+>V89!(#!
]3 !$<B!! ! ! ! ! ! ! ! ! ! ! 1m!U!N]6!

!

!

!

!
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!

"#$%#&'!()#*#+$&$#,!-.+#!/0!12323423256!!!4!7#+,&89!,#:;#<=+#!2323! :>?#!53!
!

<"#=86%77)*-,58>#1&.-8#-*#7,(%?5-#
!

=86%77)*-,58#('6)&%+,-8 #
!
!
"#$%&'&$!Z)!*!T$998%-!3$!9/9.$79'87!
@9!+#,,8+;!(#!,%,:#9,&89!(#!F8&;%+#!(#!+>&(#%+!N!#;!T!,:&+#,!989!A8&9;&F#,!#,;!G&*D!>F#$!%9#!#*;+D<&;D!
,%+!%9!=>9$!()#,,>&B!@9!,8'&(#!`P!(#!<>,,#!8 P!G&*D!T!')>%;+#!#*;+D<&;D!(%!+#,,8+;!:#%;!?'&,,#+!,>9,!
G+8;;#<#9;!,%+!%9#!;&?#!+&?&(#!H8+&I89;>'#!.:. B!C)>=,$&,,#!(%!$#9;+#!()&9#+;&#!l!(#!`!#,;!+#:D+D#!:>+!
+>::8+;!T! '>! :8,&;&89!E!(#! l!>%!+#:8,B!E9!D$>+;#!`!(#!,>!:8,&;&89!()D\%&'&=+#!#;!89! '#! 'z$H#P!,>9,!
F&;#,,#!&9&;&>'#P!T!')&9,;>9;!#!U!3B!`89!>=,$&,,#!#,;!>'8+,!.!"!O 8B!

>6' "#:+D,#9;#+!,$HD<>;&\%#<#9;!'#!,V,;.<#!D;%(&DB!

=6' v>&+#!'#!=&'>9!(#,!G8+$#,!>::'&\%D#,!>%!,8'&(#!`B!

$6' LD;#+<&9#+! ')D\%>;&89! H8+>&+#! (%! <8%F#<#9;! (#! `P! ,>$H>9;! \%#!N!U!Y!dmZ<P!8 !U!533!d?! #;!
O8 !U!] !$<B! 1 6!

(6' 0>'$%'#+!'>!:D+&8(#!:+8:+#!:8%+!'#,!<K<#,!(899D#,!9%<D+&\%#,B! 1A%!U!3Paa!̂,6!

!

"#$%&'&$!Z1!*!S$73/0$!?0,9-'M/$!
@9! :#9(%'#! D'>,;&\%#P! $89,;&;%D! ()%9! ,8'&(#! (#! <>,,#! 233!?! #;! ()%9! +#,,8+;! (#! +>&(#%+! ]!mZ<P!
#GG#$;%#! (#,! 8,$&''>;&89,! '&=+#,! ,%+! %9! =>9$! T! $8%,,&9! ()>&+! H8+&I89;>'B! C)>*#! (#,! >=,$&,,#,! >! '>!
(&+#$;&89!(%!+#,,8+;B!C)8+&?&9#!(#,!>=,$&,,#,!#,;!'>!:8,&;&89!(%!$#9;+#!()&9#+;&#!l!(%!,8'&(#!'8+,\%#!
$#'%&4$&!#,;!>%!+#:8,B!C)8+&?&9#! (#,! (>;#,!$8++#,:89(!>%! :>,,>?#! (#! l! :>+! ')8+&?&9#! (#,!>=,$&,,#,!
>F#$!%9#!F&;#,,#! (#!F>'#%+!3PN3!<Z,! (&+&?D#! (>9,! '#! ,#9,!9D?>;&G! (#! ')>*#B!LD;#+<&9#+! ')D\%>;&89!
H8+>&+#! \%&! (D$+&;! '#!<8%F#<#9;! (#! l! #;! (D;#+<&9#+! '>! (>;#! (#! ,89! :+#<&#+! :>,,>?#!T! ')>=,$&,,#!
. !U!^!$<B!!

! 1 [!#!U!3PNOa!,6!

!
"#$%&'&$!Z6!*!S$73/0$!?0,9-'M/$!
@9! :#9(%'#! D'>,;&\%#! H8+&I89;>'! #,;! G8+<D! (M%9! +#,,8+;! (#! +>&(#%+!N!U!23!mZ<! #;! (M%9#! <>,,#! (#!
233!?![!T!'M&9,;>9;!#!U!3P!'#!$#9;+#!(M&9#+;&#!#,;! '>9$D!T!:>+;&+!(#!'>!:8,&;&89!. !U!2!$<!>F#$!'>!F&;#,,#!
&9&;&>'#!(#!23!$<Z,B!

0>'$%'#+! '>! F>'#%+! (#! 'MD9#+?&#! <D$>9&\%#! ;8;>'#! (#! 'M8,$&''>;#%+! T! 'M&9,;>9;! (%! '>9$#<#9;! #;! #9!
(D(%&+#!'M><:'&;%(#!(#,!8,$&''>;&89,!>&9,&!\%#!'>!F&;#,,#!(#!:>,,>?#!:>+!'>!:8,&;&89!(MD\%&'&=+#B!!

! 1- 8PQ!U!Q!<s![!O8!U!2PQ^!$<![!R8 !U!2QP^!$<Z,6!

× ×x(t)=0,05 cos(6,32 t)

×x(t)=0,12 cos(5t + ) 
2
p
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!

"#$%#&'!()#*#+$&$#,!-.+#!/0!12323423256!!!4!7#+,&89!,#:;#<=+#!2323! :>?#!55!
!

"#$%&'&$!Z:!*!S$73/0$!?0,9-'M/$!
@9!,8'&(#!(#!<>,,#!<!:8%F>9;!?'&,,#+!,>9,!G+8;;#<#9;!,%+!%9!,%::8+;!H8+&I89;>'!#,;!G&*D!T!%9!+#,,8+;!
(#!+>&(#%+!N!U!YQ!mZ<B!`89!D'89?>;&89!*!<#,%+D#!T!:>+;&+!(#!,>!:8,&;&89!()D\%&'&=+#!#,;!(899D#!:>+!

B! W8%+! G>&+#! 8,$&''#+! '>! <>,,#! <P! 89! '%&! G8%+9&;! %9#! D9#+?&#! (#! 3P2Y!sB!
LD;#+<&9#+X!!

>6' C>!<>,,#!8 !(%!,8'&(#B! 1<!U!3PO]!d?6!

=6' C)><:'&;%(#!(%!<8%F#<#9;B! 1{ < !U!53!$<6!

$6' C>!F&;#,,#!<>*&<>'#!(#!')8,$&''>;#%+B! 17 < !U!Q3!$<Z,6!

(6' C)D'89?>;&89!(#!')8,$&''>;#%+!:8%+!'>\%#''#!')D9#+?&#!$&9D;&\%#!#,;!D?>'#!T!'>!<8&;&D!(#!')D9#+?&#!
:8;#9;&#''#B! 1*!U!|QP5N!$<6!

#6' C#,!$8<:8,>9;#,!(#!'>!F&;#,,#!#;!(#!')>$$D'D+>;&89!#9!$#!:8&9;B! 1F*!U!|3PYN!<Z,![!>*!U!|]P2^!<Z,26!

!

"#$%&'&$!Z@!*!K80?&/0$!3$!L?-<,7$!
L>9,!'>!<8(.'&,>;&89!(#!'>!<8'D$%'#!(#!<D;H>9#!1!0fY!6!:8%+!D;%(&#+!,#,!<8(#,!(#!F&=+>;&89P!

89!$89,&(.+#!')>;8<#! ()HV(+8?.9#!#;! ')>;8<#! (#!$>+=89#!$8<<#!<>,,#,!+#'&D#,! :>+!%9!
+#,,8+;!(#!+>&(#%+!dB!C)>;8<#!( )HV(+8?.9#!>!%9#!<>,,#!=#>%$8%:!:'%,!:#;&;#!\%#!$#''#!(#!
')>;8<#!(#!$>+=89#[!>&9,&!89! :8%++>!9D?'&?#+! '#!<8%F#<#9;! (#! ')>;8<#!(#!$>+=89#B!E9!
%;&'&,#!$8<<#!<>,,#!(#!')>;8<#!()HV(+8?.9#!'>!<>,,#!()%9!:+8;89B!

!!!!!!!!!C#! ?+>:H&\%#! $&4(#,,8%,! <89;+#! '#,! 8,$&''>;&89,! (%! $#9;+#!()&9#+;&#! (#! ')>;8<#! HV(+8?.9#!
>%;8%+!(#!,>!:8,&;&89!()D\%&'&=+#!#9!G89$;&89!(%!;#<:,B!!!!!!

!
!
!
!
!
!
!
!
!
!
!
!
!

'''''''''' '

x = XM ⋅sin(8 ⋅ t −π )
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!

"#$%#&'!()#*#+$&$#,!-.+#!/0!12323423256!!!4!7#+,&89!,#:;#<=+#!2323! :>?#!52!
!

'

' >6!@;&'&,#+!'#,!(899D#,!(%!?+>:H&\%#!:8%+X!!

! ! 1&6!!(D;#+<&9#+!')><:'&;%(#!(#,!8,$&''>;&89,!!!!!!!!!! 1{ < !U!5P]P53453!<6!

! ! 1&&6!$>'$%'#+!'>!G+D\%#9$#!(#,!8,$&''>;&89,!! ! 1G!U!aP3a!ofI6 !
! ! 1&&&6!$>'$%'#+!')D9#+?&#!$&9D;&\%#!<>*&<>'#!()%9!>;8<#!()HV(+8?.9#!
! ! ! ! ! ! ! 1J$<>*U!!OP5O!P!5342^!s!U!3PYYO!<#76!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!=6!!0>'$%'#+!#9,%&;#!'>!+>&(#%+!(%!+#,,8+;!dB! ! ! ! 1d!U!^PaQP!5345N!mZ<6!

!!!!!!!!!!!!!!$6!!J$+&+#!')D\%>;&89!H8+>&+#!:8%+!'#!(D:'>$#<#9;!(#!')>;8<#!()HV(+8?.9#!1!')D'89?>;&89!(%!
+#,,8+;!6!>F#$!'#,!F>'#%+,!!9%<D+&\%#,B!

!!!!!!!(6!o+8%F#+!')D\%>;&89!H8+>&+#!:8%+!'>!F&;#,,#!(#!')>;8<#!()HV(+8?.9#B!!!
!!!!!!!!

! #6! o+>$#I! (>9,! '#! ?+>:H&\%#! $&4(#,,8%,! '>!$8<:8,>9;#! (#! '>!F&;#,,#! (#! (D:'>$#<#9;! ()%9!
>;8<#!()HV(+8?.9#!#9!G89$;&89!(%!;#<:,B!SA8%;#+!,%+!')>*#!F#+;&$>'!:8%+!'>!$8<:8,>9;#!(#!
F&;#,,#!'#,!F>'#%+,!9%<D+&\%#,!>%*!#*;+D<&;D,!(%!<8%F#<#9;B!

'''' '
'
!!!!!!!G6!0>'$%'#+!')D9#+?&#!$&9D;&\%#!T!')&9,;>9;!;!U!3P53!P!5345^!,B!

!
!?6!@9!2&.<#!8,$&''>;#%+!>!%9#!<K<#!><:'&;%(#!#;!%9#!G+D\%#9$#!(8%='#B!!

!!!!!!!!!!o+>$#+!,89!D'89?>;&89!,%+!'#!;+>$D!:+#<&#+!?+>:H&\%#!(#!*1;6B!!

!



!"##$%%$"&'()*$"&)+,'-,'./0%$12,' ' 3,42,$+'-5,6,74$4,%'."27'+,%'897,%':! '

!

"#$%#&'!()#*#+$&$#,!-.+#!/0!12323423256!!!4!7#+,&89!,#:;#<=+#!2323! :>?#!5^!
!

=&.-8#451@5-88%2-8#('6)&%+,-8 #
!

"#$%&'&$!ZI!*![73$!.%8O%$99';$!
S6!C)D\%>;&89!(%!<8%F#<#9;!()%9#!,8%+$#!#,;!(#!'>!G8+<#! B!C>!:D+&8(#!(%!
<8%F#<#9;! #,;! D?>'#!T! Q!,B! C>!;+>A#$;8&+#! #,;! %9! ,#?<#9;! (#! (+8&;#! (#! 52!$<! (#! '89?%#%+B! S!
')8+&?&9#! (#,! ;#<:,! '>! ,8%+$#! :>,,#! :>+! ,>! :8,&;&89! ()D\%&'&=+#! #;! ,#! (D:'>$#! F#+,! '#! =>,B!
LD;#+<&9#+!X!

>6' '#,!F>'#%+,!(#,!;+8&,!:>+><.;+#,!S%P!&!#;!' ![! 1S%!U!N!$<![!&!U!( ZY![!' !U!( !6!

=6' ')D'89?>;&89!/ >P!'>!F&;#,,#!$/ !#;!')>$$D'D+>;&89!2/ !(#!'>!,8%+$#!>:+.,!5!, ![!
! 1/ !U!4YP2Y!$<![!$/ !U!4̂ P^^!$<Z,![!2/ !U!2PN2!$<Z,26!

$6' '#! ;#<:,!>%!=8%;!(%\%#'! '>! ,8%+$#! ,#! ;+8%F#!:8%+! '>! :+#<&.+#!G8&,!T!^!$<!>%4(#,,%,! (#! '>!
:8,&;&89!()D\%&'&=+#B!! 1#!U!YPNO!,6!

!

/6! E9! ,%::8,#! \%#! '#! <8%F#<#9;! F&=+>;8&+#! ,#!:+8:>?#! ,>9,! ><8+;&,,#<#9;! (>9,! '#! <&'&#%!
#9F&+899>9;P!'>!:D+&8(#!(>9,!')#,:>$#!18i!'89?%#%+!()89(#6!D;>9;!D?>'#!T!^23!$<B!0>'$%'#+!X!

>6' '>!$D'D+&;D!Q!(>9,!'#!<&'&#%!$89,&(D+D![!! 1Q!U!3PY!<Z,6!

=6' ')D'89?>;&89!/ CP!T!')&9,;>9;!#!U!N!,P!()%9!:8&9;!c!(%!<&'&#%!,&;%D!T!23!$<!(#!'>!,8%+$#B! !

1/ C!U!]P]Y!$<6!

!
"#$%&'&$!ZJ!*!!!
C)#*;+D<&;D!`!()%9#!$8+(#!#,;!+#'&D#!T!%9!F&=+#%+!H>+<89&\%#!;+>9,F#+,>'!(#!G+D\%#9$#!T!U!]3!fI!#;!
()><:'&;%(#!2!$<B!E9! ,%::8,#! \%)&'!9)V!>! :>,! (#!+DG'#*&89!T! ')>%;+#!#*;+D<&;D!(#! '>!$8+(#B!0#;;#!
$8+(#P!(#!<>,,#!'&9D>&+#!µ!U!233!?Z<P!#,;!;#9(%#!:>+!%9!:8&(,!(#!23!mB!!

1E9!(DG&9&;!%9!>*#!`*!:>+>''.'#!T!'>!$8+(#P!8+&#9;D!(>9,!'#!,#9,!(#!:+8:>?>;&89!(#,!89(#,!#;!;#'!\%#!
. >!U!3B6!

>6' c89;+#+!\%#!'#!:8&9;!c!()>=,$&,,#!. C!U!5P2!<!#,;!#9!:H>,#!>F#$!'>!,8%+$#!`B!o+8%F#+!%9!:8&9;!
(#!'>!$8+(#!\%&!#,;!#9!8::8,&;&89!(#!:H>,#!>F#$!c!#;! B̀!

=6' C)8+&?&9#! (#,! ;#<:,! $8++#,:89(! T! %9! :>,,>?#! (#! '>! ,8%+$#! `! :>+! ,>! :8,&;&89! ()D'89?>;&89!
<>*&<>'#B!LD;#+<&9#+!')D\%>;&89!()89(#B!!

! 1/ >;.H#U!U!3P32x,&9}2( 1#Z3P32!!) !. Z3P26!g!( Z2~6!

$6' LD;#+<&9#+! ')D'89?>;&89!/ C!(%!:8&9;!c!>&9,&! \%#! '>!F&;#,,#! (#! (D:'>$#<#9;!$C/ !(%!:8&9;!c!T!
')&9,;>9;!#!U!3P352!,B!! 1/ C!U!) 5PN2!$<P!$C/ !U^PNa!<Z,6!

!
!
!

0= × +y( t ) Y sin( t )w j
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!

"#$%#&'!()#*#+$&$#,!-.+#!/0!12323423256!!!4!7#+,&89!,#:;#<=+#!2323! :>?#!5Y!
!

"#$%&'&$!ZQ!*![73$9!.%8O%$99';$9!3,79!/7$!&8%3$!!
@9#!$8+(#!;#9(%#!;+.,! '89?%#!#,;!#*$&;D#!T! ')%9#!(#!,#,!#*;+D<&;D,! :>+!%9!<8%F#<#9;! ;+>9,F#+,>'!
()><:'&;%(#!5!U!53!$<!#;!()D\%>;&89!X!

!

>6' J;>='&+!')D\%>;&89!(#!')89(#!:+8?+#,,&F#!,#!:+8:>?#>9;!(>9,!'>!$8+(#B!J*:'&\%#+!$#!\%)89!#9;#9(!
:>+!(8%='#!:D+&8(&$&;D!(#!QV!W)P3X8Y3VB!

=6' J9! >(<#;;>9;! \%#! '>! $8+(#! >&;! %9#! <>,,#! (#! 533!?! :8%+! 53!<! (#! '89?%#%+P! #;! \%)#''#! ,8&;!
,8%<&,#!T!%9#!;#9,&89!F!U!5] !mP!$>'$%'#+!'>!$D'D+&;D!Q!(%!:HD98<.9#!(#!:+8:>?>;&89!>&9,&!\%#!,>!
'89?%#%+!()89(#!* !,>$H>9;!\%#!'>!G+D\%#9$#!F>%;!5N!fIB!!

! ! 1Q!U!^QPO!<Z,![!* !U!2PY2!<6!

$6' J$+&+#! ')D\%>;&89! (%! <8%F#<#9;! ()%9! :8&9;! c! (&,;>9;! (#! ]!<! (#! '>! ,8%+$#B! 0>'$%'#+! ,89!
D'89?>;&89!T!')&9,;>9;!#!U!2P]!,B!!

1 [!

P!$>'$%'!>F#$!F>'#%+,!9894>++89(&#,6!

(6' S! \%#''#! (&,;>9$#! ,#! ;+8%F#9;!2! :8&9;,!F8&,&9,!F&=+>9;!#9!8::8,&;&89! (#! :H>,#B!0#;;#! (&,;>9$#!
(D:#9(4#''#!(#!'>!;#9,&89!F!_!!

! 1#*!U!* Z2!U U!5P25!<!#;!(D:#9(!(#!F6!

#6' 08<<#9;!G>%;4&'!F>+&#+!F!:8%+!(8%='#+!'>!'89?%#%+!()89(#!_!! 1F:!U!Y!F!U!N3!m6!

!

=&.-8#8*)*%1&&)%5-8#
!

"#$%&'&$!ZG!*!R8%3$!-$73/$!
W>+! \%#''#! G8+$#! G>%;4&'! ;#9(+#! %9#! $8+(#! (#! '89?%#%+!3P]!<! #;! (#! <>,,#! 3PQ! ?! :8%+! \%#! '#! ,89!
G89(><#9;>'!D<&,!,8&;!'#!'>!(#!G+D\%#9$#!223!fI!_!

j%#''#,!,89;!'#,!G+D\%#9$#,!(#,!(#%*!:+#<&#+,!H>+<89&\%#,!>:+.,!'#!,89!G89(><#9;>'!D<&,!:>+!$#;;#!
$8+(#!(>9,!'#,!<K<#,!$89(&;&89,!_!! ! ! ! 1F!U!OOPYY!m![!TZUYY3!fI![!T[!U!NN3!fI6 !
!

"#$%&'&$!Z)F!*!R8%3$!3$!O/'-,%$!
C>!$8+(#!+D!()%9#!?%&;>+#!>!:8%+!G+D\%#9$#!G89(><#9;>'#!2a^PO!fI[!'>!$8+(#!,8'!F8&,&9#!F&=+#!T!^a2!
fIB!C>!'89?%#%+!(#,!:>+;&#,!F&=+>9;#,!(#,!(#%*!$8+(#,!#,;!N]!$<B!E9!,8%H>&;#!+>$$8%+$&+!'>!:>+;&#!
F&=+>9;#!(#!')%9#!(#,!(#%*!$8+(#,!(#!<>9&.+#!\%)#''#!,899#!T!'>!<K<#!G+D\%#9$#!\%#!')>%;+#B!

>6' j%#''#!$8+(#!G>%;4&'!+>$$8%+$&+!_!c8;&F#+!'>!+D:89,#!n! 1+>$$8%+$&+!'>!$8+(#!+D6!

=6' L#!$8<=&#9!G>%;4&'!'>!+>$$8%+$&+!_! 1#K!U!5NP!̂$<!6!

$6' j%#''#!#,;! '>! '89?%#%+!()89(#!(#! '>!F&=+>;&89! ,898+#! :+8(%&;#!>'8+,! :>+! '#,! (#%*!$8+(#,!_!1C>!
$D'D+&;D!(%!,89!(>9,!')>&+!#,;!^Y3!<Z,B6! 1!* !U!QNPO!$<6!

!
"

#$%&
!

"
#$

!
!=

"

[ ]! " # !$" # %&'()* + !', +&%-#= = !M My x t y t t"
!"#$!%#& '%() )(!= ! "!" #

1
2

!
" µ
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!

"#$%#&'!()#*#+$&$#,!-.+#!/0!12323423256!!!4!7#+,&89!,#:;#<=+#!2323! :>?#!5] !
!

"#$%&'&$!Z))!*!A/.$%.89'-'87!3$!3$/#!873$9!.%8O%$99';$9!
C#,!D\%>;&89,!()89(#!(#!(#%*!89(#,!F8V>?#>9;!#9!,#9,!$89;+>&+#!,%+!%9#!$8+(#!,89;!

! !#;! !

1;8%;#,!'#,!?+>9(#%+,!,89;!&9(&\%D#,!#9!%9&;D,!`-6!

>6' LD;#+<&9#+!'>!'89?%#%+!()89(#!#;!'>!:D+&8(#B! 1* !U!5P3!8 ![!A!U!3P2!D6!

=6' b$+&+#!')D\%>;&89!()89(#!(#!')89(#!,;>;&899>&+#!\%&!+D,%';#!(#!'>!,%:#+:8,&;&89!(#,!(#%*!89(#,B!

! 1 6!

$6' o+8%F#+!'>!:8,&;&89!(#,!(#%*!9•%(,!'#,!:'%,!:+.,!(#!. !U!3!1:8%+!. !€!36B! 1. U5ZY<!#;!^ZY<6!

(6' o+8%F#+!'>!:8,&;&89!(#,!(#%*!F#9;+#,!'#,!:'%,!:+.,!(#!. !U!3!1:8%+!. !€!36B! 1. U5Z2<!#;!5<6!

#6' o+8%F#+!')><:'&;%(#!5!T!. !U!* ZQB!! 15U^ $<6!

!

"#$%&'&$!Z)1 !*!
@9! F&=+#%+! `5! #,;! >9&<D! (M%9! <8%F#<#9;! 8,$&''>;8&+#! ,&9%,8•(>'! F#+;&$>'! (#! G+D\%#9$#! ^3!fI! #;!
(M><:'&;%(#!2!$<B!S!'>!(>;#!#!U!3P!&'!:>,,#!:>+!,>!:8,&;&89!'>!:'%,!=>,,#B!

>6' LD;#+<&9#+!'MD\%>;&89!H8+>&+#!(#!`5!(>9,!%9!+#:.+#!EV!8+&#9;D!F#+,!'#!H>%;B!!

! ! 1/ >&;#U!U!3P32x,&91N3( !#!) !( Z266!

=6' ` 5!#,;!+#'&D!T!%9#!$8+(#!D'>,;&\%#!H8+&I89;>'#! (#! '89?%#%+!]N!$<! ,%+! '>\%#''#! :+#9(!9>&,,>9$#!
%9#!89(#!\%&!:+8?+#,,#!T!'>!$D'D+&;D!(#!2PY!<Z,B!LD;#+<&9#+!'MD\%>;&89!(%!<8%F#<#9;!(M%9!:8&9;!
c!,&;%D!T!'>!(&,;>9$#!(#!. !U!23!$<!(#!`5B!08<:>+#+!'MD;>;!F&=+>;8&+#!(#!`5!#;!(#!cB!!

! 1/ C&13P2[#6U!3P32x,&91N3( !#!) !55( Z26P!`5!#;!c!#9!8::8,&;&89!(#!:H>,#6!

$6' S!'M>%;+#!#*;+D<&;D!(#!'>!$8+(#!,#!;+8%F#!%9!(#%*&.<#!F&=+#%+!`2P!&(#9;&\%#!T!`5!<>&,!\%&!:>,,#!
:>+!,>!:8,&;&89!'>!:'%,!H>%;#!T!'>!(>;#!#!U!3B!b$+&+#!'MD\%>;&89!H8+>&+#!(#!`2B!!

! ! 1/ >=;#U!U!3P32x,&91N3( !#!g!( Z266!

(6' 08<<#9;! :#%;489! \%>'&G&#+! '#,! 2! ,8%+$#,! `5! #;! `2_! W#%F#9;4#''#,! (899#+! 9>&,,>9$#! T! %9!
:HD98<.9#!(M&9;#+GD+#9$#,!_!

! 1`5!#;!`2!#9!8::8,&;&89!(#!:H>,#!(89$!$8HD+#9;#,6!

#6' b$+&+#! 'MD\%>;&89! H8+>&+#! (%! <8%F#<#9;! (%! <K<#! :8&9;! c! \%M#9! =6! ,8%,! 'M#GG#;! (#! 'M89(#!
:+8?+#,,&F#!&,,%#!(#!`2B!08<:>+#+!'MD;>;!F&=+>;8&+#!(#!`2!#;!(#!cB!

! 1/ C=13P2[#6U!3P32x,&91N3( !#!) !5O( Z26P!`2!#;!c!#9!8::8,&;&89!(#!:H>,#6!

G6' j%#'!#,;!'MD;>;!F&=+>;8&+#!(%!:8&9;!c!,8%,!'M#GG#;!(#,!89(#,!&,,%#,!(#!`5!#;!`2!#9,#<='#!_!

! ! 1/ C13P2![#6U3!+ !c!#,;!%9!9•%(6!

!

!

( )1( , ) 0,03 sin 10 2= × +é ùë û! " # # "p ( )! " # $ %#%& '() *% != ! "# $% &! " # # "'

[ ]! " # $"$% &'(!) # (*+ ,$= × ×!" # $ # $p p

2



!"##$%%$"&'()*$"&)+,'-,'./0%$12,' ' 3,42,$+'-5,6,74$4,%'."27'+,%'897,%':! '

!

"#$%#&'!()#*#+$&$#,!-.+#!/0!12323423256!!!4!7#+,&89!,#:;#<=+#!2323! :>?#!5N!
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!" #$%&'()*&*+,&-.&/-.$01%&2.,*3&-%*&%4/-(,.1%+,*&.+,($1&5%*()$&67+$%&*(+,8%&679$%,:)%"&#$%&

/(**)5)-)19&*%,.)1&67+1)-)*%,&+$&,9.81%+,&6%&'+*)($&$+8-9.),%&.-);%$19&.<%8&6+&6%+19,)+;& &%1&6+6
8;

1,)1)+;& 3&=+)&'+*)($$%$1&%$&-)59,.$1&+$&$%+1,($"<
8;

!"##$%&'(& &&&&>&𝑚(2
1H) = 2,01355 u 𝑚(3

1H) = 3,01550 u

.? @8,),%&-79=+.1)($&6%&-.&'+*)($&$+8-9.),%3&%$&/,98)*.$1&-%*&-()*&6%&8($*%,<.1)($&+1)-)*9%*"&AB?
5? C.-8+-%,&-79$%,:)%&-)59,9%&/.,&-.&,9.81)($&6%&'+*)($&%$&2%D"&AB?

)*%&+,"#'---'('.,/01+,"#&'%+'"#2%& AEF&/()$1*?

E" G+%*1)($*&H&8I()4&;+-1)/-%*&AE&/()$1&/.,&=+%*1)($?"&J-&K&.&+$%&*%+-%&,9/($*%&8(,,%81%&/.,&=+%*1)($"
D%+)--%L&$(1%,&-.&-%11,%&6%&<(1,%&8I()4&*+,&<(1,%&'%+)--%" M$&$%&6%;.$6%&/.*&6%&N+*1)')8.1)($"

)34'5'( #$&/%$6+-%&9-.*1)=+%&I(,)L($1.-&%''%81+%&6%*&(*8)--.1)($*&I.,;($)=+%*&-%&-($:&67+$&.4%&
&(,)%$19&<%,*&-.&6,()1%"&O7(,):)$%& &6%&-7.4%&8(,,%*/($6&.+&;)-)%+&6+&*%:;%$1&(𝑂𝑥) 𝑂

/.,8(+,+&/.,&-%&8%$1,%&67)$%,1)%&P&6+&*(-)6%&6%&;.**%&6 "&O7.5*8)**%&6%&P&%*1&$(19%& "&𝑥
O79=+.1)($&I(,.),%&6%&P&%*1&6($$9%&/.,&Q&&& 3&(R& &%*1&%4/,);9&%$&𝑥(𝑡) = 𝐴 sin(2𝜋 𝑡 + 𝜋) 𝑥
;01,%*&%1& &%$&*%8($6%*"𝑡

.? O7.889-9,.1)($&6%&P
S" %*1&8($*1.$1%
T" %*1&;.4);.-%&.+4&%41,9;)19*&6%&-.&1,.N%81(),%&6%&P
C" %*1&;.4);.-%&%$'7
!" %*1&1(+N(+,*&)$'9,)%+,%&H&𝑔
U" 8I.$:%&6%&*):$%&.+4&%41,9;)19*

5? V&-7)$*1.$1&)$)1).-& 3𝑡 = 0
S" P&*%&1,(+<%&%$&7&%1&*%&69/-.8%&<%,*&-.&:.+8I%
T" P&*%&1,(+<%&%$&7&%1&*%&69/-.8%&<%,*&-.&6,()1%
C" P&*%&1,(+<%&H&-7%41,9;)19&6,()1%&6%&*.&1,.N%81(),%&%1&.&+$%&<)1%**%&$+--%
!" P&*%&1,(+<%&H&-7%41,9;)19&:.+8I%&6%&*.&1,.N%81(),%&%1&.&+$%&<)1%**%&$+--%
U" S+8+$%&6%&8%*&,9/($*%*

8? O.&<)1%**%&;.4);.-%&A%$&;W*?&6%&P&<.+1
&&S"&&E&&&& &&&&T"&& & &C"&& & &!"&& && &&&&&U"&& &&&&&𝐴 2𝜋 𝐴 ∙ 2𝜋 𝐴 ∙ 4𝜋2

6? O.&/9,)(6%&8&6%*&(*8)--.1)($*&A%$&*?&<.+1
S"&&X3Y&& &T"&&E&& &&C"& &!"&&& &&&&U"&&2 𝜋 2𝜋 

%? M$&6(+5-%&-.&;.**%&6 &6+&*(-)6%"&O.&/9,)(6%&6%<)%$1&.-(,*

S"&&& &&&&&&&&&&&&&&&T"&&& &&&&&&&&&&&&&&&C"&&& &&&&&& &&&&&!"&&& &&&& &&U"&&𝑇 2 𝑇 2 𝑇 0,5 𝑇
2

2  𝑇

)34'9'( #$%&($6%&/,(:,%**)<%&1,.$*<%,*.-%&*%&/,(/.:%&-%&-($:&
67+$%&8(,6%&.<%8&+$%&89-9,)19&8&<%,*&-.&6,()1%"&
.? O%&*%$*&6%&69/-.8%;%$1&)$*1.$1.$9&6+&/()$1&Z&*+,

-.&8(,6%&%*1

S"&&�&&&&& &&&T"&&�&& &&&&&C"&&�&& &&&&&!"&&�&&&& &&&U"&&S+8+$%&6%&8%*&,9/($*%*&

5? O7($6%&/,(:,%**)<%&%*1&698,)1%&/.,&-79=+.1)($&67($6%& =𝑦(𝑥,𝑡) = 0,1 sin (6𝑡 ― 3𝑥)
(R& &%*1&%4/,);9&%$&;01,%*&%1& &%$&*%8($6%*"&'>#'0,3,2*-,'8'(%'3+1&(%'?%&'$:/@'A#.-𝑥 𝑡

S"&&& &&&T"&&& &&&& &&&&&C"&&& &&&&& &&&!"&&& && &&U"&&&S+8+$%&6%&8%*&,9/($*%*0,1 0,5 2 2𝜋
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D<#;;#9;!$H>$%9#!%9#!89(#!:+8?+#,,&F#B!
!

!
!
!
!
!
56!b;>='&+! '#,! $89(&;&89,! ,%+! '>!(&GGD+#9$#! (#! <>+$H#!𝑆5𝑆2! :8%+! '#,! :8&9;,! 8i ! %9#!&9;#+GD+#9$#!
$89,;+%$;&F#!>!'&#%B!
!
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(#!Y3!fIP!(D;#+<&9#+!'>!$D'D+&;Dƒ!(#,!89(#,B!
!4!0>'$%'#+!')><:'&;%(#!(%!<8%F#<#9;!()%9!:8&9;!cP!,#!;+8%F>9;!T!%9#!(&,;>9$#!(#!5]P3!$<!
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!!
^6!LD;#+<&9#+!')#*:+#,,&89!(#!')D\%>;&89!(#!')89(#!&,,%#!(#!'>!,8%+$#!𝑆5!>%!:8&9;!cP!,>$H>9;!\%#!'>!
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!!
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1:8&9;,!/ !<D(&>;+&$#!U€!(5!U!(2!U€!&9;#+GD+#9$#!$89,;+%$;&F#![!!W5W2!1:8&9;,!(#!2!G+>9?#,!$89,;+%$;&F#,!F8&,&9#,!,%+!
,#?<#9;!` 5` 26!U!3P]!$<!U!* Z2!U€!* !U!3P353!<![!$!U!3PY33!<Z,![!( 24( 5!U!√15𝑐𝑚& + 8𝑐𝑚& − 15𝑐𝑚 =2P3!$<!U!9P!* Z2!
>F#$!9UYU!:>&+!U€!c!,#!;+8%F#!,%+!G+>9?#!()&9;#+GD+#9$#!$89,;+%$;&F#!()><:'&;%(#!2!P!3P^!$<!U!3PN!$< ![!
V51;6!U!3P33^!,&9!1Q3( !;6!#9!<!,&!;!#9!,![!&9;#+GD+#9$#!(#,;+%$;&F#!#9!c!,&!2!,8%+$#,!F&=+#9;!#9!8::8,&;&89!(#!:H>,#6!

!
! !
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$>+>$;D+&,;&\%#!(#,!G+>9?#,!=+&''>9;#,!8=;#9%#,!#9!'%<&.+#!='>9$H#B!!
1̂@!U!YP2!<<!#;!̂$!U!2Pa!<<P!G+>9?#,!='>9$H#,!>F#$!=8+(,!$8'8+D,!X!='#%!(%!$…;D!(#!'>!G+>9?#!$#9;+>'#P!+8%?#!(#!')>%;+#!

$…;D6!

!

"#$%&'&$!Z)J!*!!!
@9! :&9$#>%! (#! '%<&.+#! <898$H+8<>;&\%#! D<&,! :>+! %9! '>,#+! HD'&%<49D89! D$'>&+#! (#%*! G#9;#,!
:>+>''.'#,!,D:>+D#,!:>+!%9#!(&,;>9$#!2!U!3P]!<<B!@9!D$+>9!#,;!:'>$D!:#+:#9(&$%'>&+#<#9;!>%!:&9$#>%!
'%<&9#%*!T!%9#!(&,;>9$#!, !U!2!<!(%!:'>9!(#,!G#9;#,B!!

>6' L#,,&9#+!'#!(&,:8,&;&G!#*:D+&<#9;>'B!!

=6' -9;#+:+D;#+!'>!G8+<>;&89!(#,!G+>9?#,!=+&''>9;#,!#;!8=,$%+#,B!!

$6' LDG&9&+!'>!(&GGD+#9$#!(#!<>+$H#!>%*!2!G#9;#,!(M%9!:8&9;!c!(#!'MD$+>9!#;!D;>='&+!,>!+#'>;&89!:8%+!
#9!(D(%&+#!'>!:8,&;&89!(#,!$#9;+#,!(#,!G+>9?#,!=+&''>9;#,!#;!8=,$%+#,B!

(6' W+D$&,#+!'>!9>;%+#!(#!'>!G+>9?#!$#9;+>'#!>::>+;#9>9;!>%!:'>9!<D(&>;#%+!(#,!2!G#9;#,B!!

#6' LDG&9&+! ')&9;#+G+>9?#B! j%#''#! #,;! 'M&9G'%#9$#! (#,! (&GGD+#9;,! :>+><.;+#,! ,%+! 'M&9;#+G+>9?#! _!
08<<#9;! (8&;489! <8(&G&#+! '>! (&,;>9$#! #9;+#! '#,! 2! G#9;#,! :8%+! 8=;#9&+! (#,! G+>9?#,! :'%,!
#,:>$D#,!_!!

G6' 0>'$%'#+! '>! '89?%#%+! (M89(#!#;! '>!G+D\%#9$#! (#! '>! '%<&.+#!D<&,#! :>+! '#! '>,#+P! ,>$H>9;! \%#! '#,!
$#9;+#,!(#!N!G+>9?#,!$89,D$%;&F#,!(#!<K<#!9>;%+#!,89;!#,:>$D,!(#!52PO!<<B!!

! 1* !U!N^]9<P!T!U!YO2!ofI6!

?6' J,; 4$#! \%#! '>! '89?%#%+!(M89(#!8%! '>!G+D\%#9$#!$H>9?#!18%!'#,! (#%*6P! ,&! '#!+>V89! '%<&9#%*! ,#!
:+8:>?#!(>9,!'#!F#++#!_!0>'$%'#+!'#,!98%F#''#,!F>'#%+,B!1L>9,!'#!F#++#!'>!$D'D+&;D!(#!'>!'%<&.+#!
F>%;!233!333!d<Z,B6!! 1T!U!YO2!ofI!P!* !U!Y2Y9<6!
! !
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$"#B9/8%+,-#(1.-5&- #
!

C-7)*%2%*'#5-8*5-%&*-#.3D%&8*-%&#
!

S$-'-$9!M/$9-'879!3$!&8L.%?<$79'87!
05! b989$#+!'#,!(#%*!:8,;%'>;,!(#!'>!+#'>;&F&;D!+#,;+#&9;#B!

02! `8&;!%9!<%89!;+>F#+,>9;!')>;<8,:H.+#!;#++#,;+#B!C>!(%+D#!:+8:+#!(#!,89!:>+$8%+,!#;!'>!'89?%#%+!
>%!+#:8,!(#!'>!$8%$H#!>;<8,:HD+&\%#!;+>F#+,D#!,89;4#''#,!<#,%+D#,!(>9,!'#!<K<#!+DGD+#9;&#'B!
s%,;&G&#+!F8;+#!+D:89,#B!
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98V>%!()%+>9&%<!2^]B!

2B' 0>'$%'#+!')D9#+?&#!'&=D+D#!:>+!'>!G&,,&89!;8;>'#!()%9!d&'8?+><<#!()%+>9&%<!2^]B!
1J!U!YPO^P532N!c#7!U!O]PQ!os6!

^B' S:+.,! :'%,&#%+,! (D,&9;D?+>;&89,! (#! ;V:#!" 4P! '#,! :+8(%&;,! :+&<>&+#,! (#! G&,,&89! >=8%;&,,#9;!
+#,:#$;&F#<#9;!T!(#%*!9%$'D&(#,!,;>='#,!X!'#!'>9;H>9#!1C>6!#;!'#!<8'V=(.9#!1c86B!b$+&+#!'#!=&'>9!
?'8=>'! (#! $#,! (D,&9;D?+>;&89,! #9! :+D$&,>9;! '#! 98<=+#! (#! <>,,#! :8%+! $H>\%#! 9%$'D&(#! ,;>='#P!
>&9,&! \%#! ')D\%>;&89! =&'>9! (#! '>! G&,,&89! (%! 98V>%!$89(%&,>9;! >%*! 9%$'D&(#,! ,;>='#,B!
E=,#+F#4;489P!>%!$8%+,!(#!$#,!(D,&9;D?+>;&89,P!%9#!D<&,,&89!(#!+>V899#<#9;!0!_!
!

218Po

14N
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!

"#$%#&'!()#*#+$&$#,!-.+#!/0!12323423256!!!4!7#+,&89!,#:;#<=+#!2323! :>?#!2Y!
!

"#$%&'&$!R)@!*!T?,&-'87!3$!5/9'87!
@9#!(#,!+D>$;&89,!(#!G%,&89!:8,,&='#!>G&9!(#!:+8(%&+#!(#!')D9#+?&#!#,;!X!

(#%;D+&%<!g!(#%;D+&%<!à!HD'&%<!^!g!9#%;+89!
>F#$!'>!+D>$;&89!%';D+&#%+#!(#!(#%;D+&%<!,%+!')HD'&%<!^!:8%+!G8+<#+!(#!')HD'&%<!YB!

5B' b$+&+#!'#,!D\%>;&89,!=&'>9!(#,!(#%*!+D>$;&89,!>&9,&!\%#!'#!=&'>9!(#!')#9,#<='#!(#!'>!G%,&89B!

2B' c89;+#+!\%#!'#,!(#%*!+D>$;&89,!,89;!#*8D9#+?D;&\%#,!#;!$>'$%'#+!'>!'&=D+>;&89!()D9#+?&#!:8%+!'>!
G%,&89!(#!5!d?!(#!(#%;D+&%<B!

!

!

E9!(899#!'#,!<>,,#,!(#,!98V>%*!,%&F>9;#,!X!
HV(+8?.9#!X!5P33O!2ON!%![!! (#%;D+&%<!X!2P35^!Y]5!%![! HD'&%<!^!X!^P35Y!a^^!%![!!
HD'&%<!Y!X!YP335!]32!%![! ! 9#%;+89!X!5P33Q!N]]!%B!

1J!U!2P5YP532O!c#7!U!^Y^!os6!

! ! ! ! ! ! 1#9;H>':&#,!(#!$8<=%,;&89,!X!#,,#9$#!X!YOP^!csZd?![!(&HV(+8?.9#!X!5Y2!csZd?6!

!

"#$%&'&$!R) I !*!>?9'7-?O%,-'87!3/!.8087'/L!1)F!
C#!:8'89&%<!253P!98V>%!&9,;>='#P!,%=&;!%9#!(D,&9;D?+>;&89!! !#9!(899>9;!%9!98V>%!(#!:'8<=!(>9,!
,89!D;>;!G89(><#9;>'B!

5B' b$+&+#!')D\%>;&89!=&'>9!(#!'>!(D,&9;D?+>;&89!#9!:+D$&,>9;!'#,!98<=+#,!#9!:+D$&,>9;!'#,!98<=+#,!(#!
<>,,#!#;!(#!$H>+?#B!

2B' 0>'$%'#+! ')D9#+?&#! '&=D+D#! '8+,! (#! '>! (D,&9;D?+>;&89! ()%9! 98V>%! (#! :8'89&%<! #9! %;&'&,>9;! '#,!
(899D#,!,%&F>9;#,!X! 1J!U!]P3^!c#76!

m8V>%! c>,,#!1#9!%9&;D,!(#!<>,,#!>;8<&\%#6!

W8! 23aPa5Y!N!

W=! 23]Pa3O!O!

f# ! YP335!]!

^B' j%#!,&?9&G&#!')>GG&+<>;&89!p!'>!(#<&4F&#!(%!9%$'D&(#!:8'89&%<!253!#,;!(#!5^Q!A8%+,!q!_!

YB' 0>'$%'#+! '>! <>,,#! (#! :8'89&%<! 253! +#,;>9;! >%! =8%;! (#! Y5Y! A8%+,! (>9,! %9! D$H>9;&''89! \%&! #9!
$89;#9>&;!&9&;&>'#<#9;!23?B! 1<!U!2P]?6!

!
! !



!"##$%%$"&'()*$"&)+,'-,'./0%$12,' ' 3,42,$+'-5,6,74$4,%'."27'+,%'897,%':! '

!

"#$%#&'!()#*#+$&$#,!-.+#!/0!12323423256!!!4!7#+,&89!,#:;#<=+#!2323! :>?#!2] !
!

"#$%&'&$!R) J!*!>?9'7-?O%,-'87!3/!%,3'/L!11I!
@9!98V>%!(#!+>(&%<!22N!,#!(D,&9;.?+#!#9!%9!98V>%!(#!+>(89B!

5B' b$+&+#!'>!+D>$;&89!9%$'D>&+#!$8++#,:89(>9;#B!

2B' 0899>&,,>9;!'#,!<>,,#,!(#,!98V>%*!(#! +>(&%<!22N!X! 22]Pa]^!2!%P!
! +>(89!222!X! 225PaYN!a!%P!
! HD'&%<!Y!X! YP335!]!%P!
$>'$%'#+!')D9#+?&#!'&=D+D#!'8+,!(#!'>!(D,&9;D?+>;&89!()%9!98V>%!(#!+>(&%<B! 1J!U!YBYO!c#76!

^B' 0#;;#!D9#+?&#!#,;!#9;&.+#<#9;!>$\%&,#!:>+!'>!:>+;&$%'#!! !,8%,!G8+<#!()D9#+?&#!$&9D;&\%#B!

>6! J*:'&\%#+P! #9! ,#! =>,>9;! ,%+! '#! $89$#:;! (#! \%>9;&;D! (#! <8%F#<#9;P!:8%+\%8&! ')D9#+?&#!
$&9D;&\%#!(%!98V>%!G&',!#,;!9D?'&?#>='#B!

=6! LD;#+<&9#+P! #9! >::'&\%>9;! '#,! '8&,! (#! '>! <D$>9&\%#! $'>,,&\%#P! '>! F&;#,,#! ()D<&,,&89! (#! '>!
:>+;&$%'#!! B!C>!F>'#%+!;+8%FD#!A%,;&G&#4;4#''#!')>::'&$>;&89!(#!'>!<D$>9&\%#!$'>,,&\%#!,&!89!>(<#;!
\%)&'!G>%;!+#$8%+&+!T!'>!<D$>9&\%#!+#'>;&F&,;#!,&!'>!F&;#,,#!()%9#!:>+;&$%'#!#,;!,%:D+&#%+#!T!53y!(#!
'>!F&;#,,#!(#!'>!'%<&.+#_!

1F!U!5PYOP53O!<Z,!U!YPa!y!(#!$!Œ!$Z53!à!:>+;&$%'#!$'>,,&\%#6!

!

"#$%&'&$!R)Q!*!"#.?%'$7&$!3$9!L/879!%$;'9'-?$!D%$.N&<,O$!!1F)I!H!
E9!;#9;#!(#!+D:D;#+!'M#*:D+&#9$#!(#,!<%89,!>%!,8<<#;!(%!c89;!/'>9$!1>';&;%(#!Y!Q53!<6!#;!T!
l#9 . F#!1>';&;%(#!^O3!<6B!C#,!<%89,! ,89;! (#,! :>+;&$%'#,!D'D<#9;>&+#,! :+8(%&;#,! (>9,! '>!H>%;#!
>;<8,:H. +#!\%&!,#!(D,&9;. ?+#9;!,:89;>9D<#9;!(M>:+. ,!%9#!'8&!#*:89#9;&#''#!>9>'8?%#!T!'>!'8&!(#!
( D$+8&,,>9$#!+>(&8>$;&F#B!C#%+! (#<&4F&#! (>9,!%9!+DGD+#9;&#'!8i !&',! ,89;!>%!+#:8,!#,;!oU5P]µ,B!
C#%+!F&;#,,#!:>+!+>::8+;!T!%9!8=,#+F>;#%+!;#++#,;+#!#,;!F!U!3Paa]!$B!!

56!b;>='&+!'>!'8&!(#!(D$+8&,,>9$#!+>(&8>$;&F#B!

S%!,8<<#;!(%!c89;!/'>9$P!89!(D;#$;#P!?+z$#!T!%9!(&,:8,&;&G!>::+8:+&DP!N!2]Y!1U!m36!<%89,!#9!
%9#!H#%+#B!S!l#9. F#P!89!(D;#$;#!m5!<%89,!#9!%9#!H#%+#P!!
26!089,&(D+89,!'#,!DFD9#<#9;,!,%&F>9;,!X!!

J5!!!! p!C#!<%89!:>,,#!'#!,8<<#;!(%!c89;!/'>9$B!q!!!
J2!! p!C#!<%89!:>,,#!l#9. F#B!q!!

C)&9;#+F>''#!(#!;#<:,!#9;+#!$#,!(#%*!DFD9#<#9;,!#,;4&'!%9!;#<:,!:+8:+#!8%!%9!;#<:,!&<:+8:+#!
:8%+!%9!8=,#+F>;#%+!;#++#,;+#!_!J*:'&\%#+!n!!
^6!!0>'$%'#+!'#!98<=+#!(#!<%89,!\%M&'!G>%(+>&;!(D;#$;#+!T!'M>';&;%(#!(#!l#9. F#P!,&!89!9#!;#9>&;!:>,!
$8<:;#!(#,!#GG#;,!+#'>;&F&,;#,B! ! ! ! 1$'>,,&\%#!X!#;!U!5PYQP534] !,!#;!m5!U!NP]!<%89,6!
Y6!!0>'$%'#+!'#!98<=+#!(#!<%89,!\%M&'!G>%(+>&;!(D;#$;#+!T!l#9 . F#P!,&!89!;#9>&;!$8<:;#!(#,!#GG#;,!
+#'>;&F&,;#,B! ! ! ! ! 1+#'>;&F&,;#!X!#;:+8:+#!U!5PYaP534N!,!#;!m)5!U!^5Ya!<%89,6!
] 6!`>$H>9;!\%#!'#!<%89!>!%9#!<>,,#!(#!53]PN]!c#7Z$2P!$>'$%'#+!,89!D9#+?&#!$&9D;&\%#B!!

1!J$!U!a]2P^!c#7!6!

N6!W+D$&,#+!(>9,!\%#'!+DGD+#9;&#'! '#,!DFD9#<#9;,!J5!#;!J2!89;!'&#%!>%!<K<#!#9(+8&;!n!0#,!(#%*!
DFD9#<#9;,! :#%F#9;4&',!K;+#! ,&<%';>9D,! (>9,! %9! >%;+#! +DGD+#9;&#'! #9! <8%F#<#9;! +#$;&'&?9#!
%9&G8+<#!:>+!+>::8+;!T!$#!+DGD+#9;&#'!_!s%,;&G&#+!n!!
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!

"#$%#&'!()#*#+$&$#,!-.+#!/0!12323423256!!!4!7#+,&89!,#:;#<=+#!2323! :>?#!2N!
!

D*)*8#'&-5@'*%+,-8#+,)&*%:%'8#
!

"#$%&'&$!R)G!*!+$!9.$&-%$!3$!04<U3%8O`7$!!

C)D9#+?&#!(#!')>;8<#!()HV(+8?.9#!#,;!(899D#!:>+! P!>F#$!- &!U!) 5^PN!#7B!

>6! J*:'&\%#I!'>!,&?9&G&$>;&89!(#,!,V<=8'#,!- &!#;!3B!

=6! 7+>&!8%!G>%*!_!s%,;&G&#I!F8;+#!+D:89,#!n!

5B!! C)D9#+?&#!(%!2#!9&F#>%!#*$&;D!#,;!) 2PY2$53) 5a!sB! 1F+>&6!

2B! C)>;8<#!()HV(+8?.9#!:#%;!>F8&+!%9#!D9#+?&#!D?>'#!T!) 2PQ!#7B! 1G>%*6!

^B! C#!,:#$;+#!()D<&,,&89!(#!')HV(+8?.9#!#,;!$89;&9%B! 1G>%*6!

YB! C#!9&F#>%!()D9#+?&#!3!#7!$8++#,:89(!T!')>;8<#!()HV(+8?.9#!(>9,!,89!D;>;!G89(><#9;>'P!989!
#*$&;DB! 1G>%*6!

]B! C)>;8<#!()HV(+8?.9#!:#%;!D<#;;+#!%9#!+>(&>;&89!(#!'89?%#%+!()89(#!53^!9<!#9!:>,,>9;!(%!
9&F#>%!3!U!^!>%!9&F#>%!3!U!5! 1F+>&6!

$6! @9!>;8<#!()HV(+8?.9#!:>,,#!(%!9&F#>%!3!U!^!T!%9!9&F#>%!,%:D+&#%+!3!€!^!#9!>=,8+=>9;!%9#!
+>(&>;&89!(#!'89?%#%+!()89(#!52Q2!9<B!!

S!\%#''#!:>+;&#!(%!,:#$;+#!D'#$;+8<>?9D;&\%#!>::>+;&#9;!$#;;#!+>(&>;&89!_!! 1-"6!

0>'$%'#I!'#!98<=+#!3!(%!9&F#>%!,%:D+&#%+B! 19!U!]6!

!

"#$%&'&$!R1F!*!(-8L$!34<U3%8O`7$!
5B' 0>'$%'#+!'#,!D9#+?&#,!(#,!^!:+#<&#+,!D;>;,!#*$&;D,!19€56!(#!')>;8<#!()HV(+8?.9#!>&9,&!\%#!

𝐸8!B!
2B' L>9,!\%#'!D;>;!,#!;+8%F#!')>;8<#!,&!𝑛 → ∞	_!
^B' E9!$89,&(.+#!'#,!;+>9,&;&89,!D'#$;+89&\%#,!>=8%;&,,>9;!,%+!'>!$8%$H#!u!1,D+&#!(#!CV<>96P!,%+!

'>!$8%$H#!C!1,D+&#!/>'<#+6!#;!,%+!'>!$8%$H#!c!1,D+&#!W>,$H#96!X!

>6!L#,,&9#+!'#!(&>?+><<#!D9#+?D;&\%#!(#!')>;8<#!()HV(+8?. 9#!1D$H#''#!X!5!#7≜5!$<6B!!

=6!" #:+D,#9;#+!:>+!(#,!G'. $H#,!\%#'\%#,!;+>9,&;&89,!D'#$;+89&\%#,!>=8%;&,,>9;!,%+!'>!$8%$H#!
u!1,D+&#!(#!CV<>96P!,%+!'>!$8%$H#!C!1,D+&#!/>'<#+6!#;!,%+!'>!$8%$H#!c!1,D+&#!W>,$H#96B!!

YB' j%#''#!,D+&#!,#!;+8%F#!(>9,!'#!(8<>&9#!(#!')@7!#;!\%#''#!,D+&#!,#!;+8%F#!(>9,!')-"!,>$H>9;!
\%#!$#''#!(#!/>'<#+!,#!;+8%F#!:>+;&#''#<#9;!(>9,!'#!(8<>&9#!F&,&='#!(%!,:#$;+#!(#!'>!
'%<&.+#!_!s%,;&G&#+!,>9,!$>'$%'!9%<D+&\%#B!

]B' 0>'$%'#+!'>!'89?%#%+!()89(#!(%!:H8;89!$8++#,:89(>9;!+#,:#$;&F#<#9;!T!'>!;+>9,&;&89!X!
𝑛 = 2 → 𝑛 = 1, 𝑛 = 4 → 𝑛 = 1	et	𝑛 = 3 → 𝑛 = 2!

!

!

!

1
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!

"#$%#&'!()#*#+$&$#,!-.+#!/0!12323423256!!!4!7#+,&89!,#:;#<=+#!2323! :>?#!2O!
!

"#$%&'&$!R1)!*!
`%::8,89,! \%)%9!:+8;89P!>$$D'D+D!T!:>+;&+!(%!+#:8,! :>+!%9#!;#9,&89!< !U!2Y!7P!$.(#!2]!y!(#!,89!
D9#+?&#!$&9D;&\%#!T!%9!>;8<#!()HV(+8?.9#B!

>6' W#%;4&'!&89&,#+!')>;8<#!f!,#!;+8%F>9;!(>9,!')D;>;!G89(><#9;>'!_!

=6' W#%;4&'!&89&,#+!')>;8<#!f!,#!;+8%F>9;!(>9,!'#!:+#<&#+!D;>;!#*$&;D!_!

$6' W#%;4&'!>,,%+#+!'>!;+>9,&;&89!()%9!D'#$;+89!(#!'>!$8%$H#!u!F#+,!'>!$8%$H#!C!_!
s%,;&G&#+!'#,!+D:89,#,B!! 1#- !U!N!#7![!989![!8%&![!9896!

!
!

"#$%&'&$!R11!*!
C#!2Y!A>9F&#+!233aP!%9!'>=8+>;8&+#!(#!:HV,&\%#!9%$'D>&+#!>!+#r%!%9#!,8%+$#!+>(&8>$;&F#!(#!$8=>';!N3P!
D<#;;#%+!βE!>V>9;!%9#!>$;&F&;D!T!$#;;#!(>;#!(#!]3P5a!c/\B!C>!(#<&4F&#!(#!$#;!&,8;8:#!(%!$8=>';!#,;!
(#!]P2O5!>99D#,B!C#!98V>%!G&',!#,;!D<&,!(>9,!%9!D;>;!#*$&;DB!

>6' b$+&+#! '#,! D\%>;&89,! (#,! ;+>9,G8+<>;&89,!
9%$'D>&+#,B!

=6' 0>'$%'#+!'>!<>,,#!(%!$8=>';!$89;#9%#!(>9,!
'>! ,8%+$#! T! '>! (>;#! (#! ')>$H>;B! C>! <>,,#!
()%9!>;8<#!(#!$8=>';!#,;!]aPa^!%B!

$6' 0>'$%'#+! ')>$;&F&;D! (#! '>!,8%+$#! '#! 2Y!
A>9F&#+!235NB!

(6' `>9,! $>'$%'#+P! (899#+! '>! (>;#! T! '>\%#''#!
')>$;&F&;D!9)#,;!:'%,!\%#!52P]y!(#!')>$;&F&;D!
&9&;&>'#B!

#6' C>! G&?%+#! $&4$89;+#! <89;+#! '#! (&>?+><<#!
D9#+?D;&\%#! (%! 98V>%! G&',B! 0>'$%'#+! '#,!
'89?%#%+,! ()89(#! (%! +>V899#<#9;! D<&,!
'8+,! (#,! ;+>9,&;&89,! ,%$$#,,&F#,! (#! ')D;>;!
#*$&;D! (! F#+,! ')D;>;! =! #;! (#! ')D;>;! =! F#+,!
')D;>;!G89(><#9;>'!>B!!

! ! ! ! ;8 %" &9=%!3*H!5"kj9=C6g !H!#"&J9i/!H!* ' ca"&9%j!T89!* ac2"%9dI%!T8U!

!
!
!
!

!

!

!

E (en keV)

0
a

1333b

2159c

2506d
2626

60Co ��
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"#$%#&'!()#*#+$&$#,!-.+#!/0!12323423256!!!4!7#+,&89!,#:;#<=+#!2323! :>?#!2Q!
!

"#$%&'&$!R16!*!+$!0,9$%!a?0'/LYb?87!D!9'L.0'5'?!H!

C#!<&'&#%!'>,#+!()%9!0,9$%!<?0'/LY7?87!#,;!%9!<D'>9?#!?>I#%*!()HD'&%<!#;!(#!9D89!,8%,!;+.,!G>&='#!

:+#,,&89B!C8+,\%#!'#!'>,#+!G89$;&899#P!'#,!>;8<#,!()HD'&%<!,89;!#*$&;D,!:>+!(D$H>+?#!D'#$;+&\%#!

1F8&+!G&?%+#6B!0#,!>;8<#,!#*$&;D,!#9;+#9;!#9!$8''&,&89!>F#$!'#,!>;8<#,!(#!9D89!(>9,!'#%+!D;>;!

G89(><#9;>'B!C8+,!(#!$#;;#!$8''&,&89!&'!V!>!%9!;+>9,G#+;!()D9#+?&#!(#,!>;8<#,!()HD'&%<!F#+,!'#,!

>;8<#,!(#!9D89!\%&!,#!+#;+8%F#9;!(>9,!%9!D;>;!#*$&;D!J2!()D9#+?&#!23P!NN!#7B!C>!+>(&>;&89!'>,#+!,#!

G>&;!'8+,!(#!'>!;+>9,&;&89!(#!')D;>;!J2!F#+,!J5!X!

!

!

!

!

!

!!

!
`8%+$#!X!<--.*ccBBBPL,#'&8/%9P&8Lc9$c5'&<$cGc:c:)F::GP<-L0c-9!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

>6' S%!$8%+,!(#!$#;;#!;+>9,&;&89!(#,!:H8;89,!(#!'89?%#%+!()89(#!d!U!N^2PQ!9<!,89;!
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