
���������
	����������� �������������	! �"$#%�'&�()� �	+*-,�.�/�0(1��(2*354768�'&�	�(2&

9;:=<?>A@CBEDGFHF
I0J @�<?DHKA<2L)>AM�:=N?O�P�>AQ
O

RTS�UWV�XAY[Z�V
\^]`_ba�c�]ed+f+gbhbij]Whkd�]lc�]lmna�oqpsr�f�]Wtuf+iva�oqwla�tbhbivhba7f�]ex1a7f�]lmniya�ovd2f+_ba7fzw{r|gbovh~}/]egbd�]Whkf�r�]Wt��

_ba�tbw{]z������ivx1a7��]Wd�f+_
mnr|g
�|_�f+_b]2gbd+]�r���_u�ups]lm+psr|ova7m?ij�l]Wh�������tugbwlov]Wi���\^]z_ba�c�]2�Hr|gbtbh�f���r
psr�f�]Wt�f+iva�oyoj�`gbd�]l��gbo3_
r|d�f�x1a7f�]lmniva�oyd�a�tbh�_ba�c�]z}s]l�|gbt�f+_
]E��r�m+��ivt�hb]lf�]lmnx1ivtbiyt
��f+_
])pbmnr�p/]lm
h
r�p[ivtb�Em+]W�=gbijmn]Wh��Hr�m�d+g[wlw{]Wd+d���gbo�������ivx1p[oj]Wtuf+a7f+ijr|t�� ��_bivd�]{¡�ps]lmnivxz]Wtuf�_[a�d0}s]l�|gbtTf+_
]�pbm+r7�
w{]Wd+dzr���¢[tbhbivtb��a^d+gbivf+a7}[oj]ex1a7f�]lmniva�oqf+_ba7f1wla�t£}/]egbd�]Wh¤��ijf+_¥�����2a�tbh¤_ba�d)psr|ivtuf�]Wh¤r|g
f
��_ba7f�f+_b]�t
]{¡�f�d�f�]lp�dn_
r|gbovhe}s]�f�r��qa7mnh�f+_
]�gbovf+ivx1a7f�]���r|a�o�r���iyt�f�m+r�hbgbwliyt
�2a�psr|ova7mnij�l]Wh����W�
d+a�xzp[ov];iyt�f�r�a1p[a7f+ij]Wtufl�



���������	��
���������������	������������������ 	�"!#�����
$�J DG<)> Q
O{DGN�>�>&%�M�>AN�DGP�>AQbO)DH<2M/N�>'/DHK7:�O{>'�(=QkO J >TMsN)(�M.> NnO�@*(,+�Q.-sKAFH> :=N2<?MsDHQ¥M/(�F�:uN�D10 :uO{D2(�Q4365 O)DG<2O J >'sN?D27[DHQ982M J > Q:(�P�>AQ9(�Q<;�> J DHQ:'eO J >=+>-sQsK�O{D2(�QsDHQ:8�(,+@?k:,8�Q/>AO{DGK6A�>A<)(�Qs:=QsK >65�P�:,8�DGQ98CBD?EA	5GF�<n@[<?O{>AP�<�3H QI-sQ9'/> N�<nOl:=Q:'sDHQ98<(,+'Q.-sK FG>7:=N <�M/DHQC:=Q9'C<�MsDGQC:=FHD28�QsP�> Q
O�DH<J+>-/Q9'�:=P�> Q
Ol:uFK3$�J >`M J >AQ9(�P�> Q9(�QL(,+�Q.-sK FG>7:=NzM/(�F�:uN�D10 :uO{D2(�QkDG<1:M+>-sQ9'�:uP�>AQbO{:=F0K(=Qs<�>�NO-/> QsKA>M(,+�Q.-sK FG>7:=Nz<?MsDHQ43P DGO?O{FH>�Qs>A>'s<0OQ(�;.>J-sQ:'s> N?<?OQ(O(O'�:R;S(T-�Oq<�M/DHQ DHQeO J DH<'K(�Q
O�>&%[O�>&%�K >AM/O0OQ(�UbQ9(WV�O J :uO�O J >�Q.-sKAFH>7:uNq<�MsDGQB O J >e<?MsDHQ*(R+�: J @X'/N)(T8�>AQ¥Q.-sK FG>-s<�(�N2:�K7:uN);/(�QXY �7� Q.-sK FG>-s<�Z4+>(�N�>&%/:=P�MsFH>�F�K7:uQ¥> DGO J > N[;�>e:=FHD28�Qs>'V DGO J :=Q >&%[O{>AN�Q�:uF�P�:,8�Qs>�O{DGK�\s> F1'](�N�:=Q
O{D^Y�:=FHD28�Qs>�'43 $�J DH<�:=FHD28�QsP�> Q
O1DH<�MS(=<�<�D2;sFH>�;.> K :,-s<�>M(,+;O J >
DHQ
O�N�DHQ/<�DHK�P�:,8�Qs>�O{DHK�P�(=P�>AQbO"(,+ >&7�> Nn@�Q.-sK FG>-s<�3_5 OeDH<�O J >�P�:,8=Qs>AO�DHK�P<(�P�> Q
O�O J :uOeP�:,Uu> <e> :=K J
<�M/DHQ¤:uKAO2:=<2:�<�P�:=FHF P�:,8�Q/>AO6V J DHK J DH< O J >AQkK7:uM�:,;sFG>"(,+qDHQ
O{>AN{:=K�O{DHQ:8<V DyO J O J >�>&%[O{>AN�Q�:=F�P�:,8�Qs>�O{DHK\�>AF1'43 $�J >�M/(�F�:=N?D10 :uO{D2(�Q�(,+�:CP�:�O{> N?D�:=F�DH<`'s> <?K N�D2;�>�' :=<�O J ><'sD^a3>AN�> Q/K >M;.>AObV�> >AQ O J >�Q.-sP�;.> N`(,+
<�M/DHQs<�:=FHD28�Qs>�'cV DyO J O J >d\�> F2' :=Q:'�O J >kQ.-sP�;.> N�:=Q
O{DeY+:=FGD18�Q/>'f'sD^7�D2's>'g;
@ O J > OQ(=O{:=F�Q.-sP�;.> N<(,+
<�M/DHQs<�3 H Qs>8
:�O{D27=> MS(=F�:=N?D107:�O{D1(=QkDHQ:'sDHK :uO{>A<2O J :�O1P�(�N?>e<�M/DHQs<�:=N?>`:=Q
O{D^Y�:=FHD28�Qs>�'~O J :=Q :=N�>`:=FGD18�Q/>'43$�J >=+>(�FGF1(WV DHQ98�>N.-�:�O{D1(=Q�< J (WV < J (WV�M/(�F�:uN�D10 :uO{D2(�QTDG<h's>&\�Qs>'EB>V J > N�>	ikj�DG<�O J >�QO-/P�;�>AN#(,+3:=FHD28�Qs>'
<�M/DHQs<�ZlidmzDG<;O J >1Q.-sP�;.> N6(,+�:=Q
O{DeY+:=FGD18�Q/>'�<?MsDHQs<�Z :=Q9'In DG<�MS(�FH:=N�D207:uO�D1(�QoF&3

n�p idjrqci mi j#s i m$�J >;Q�:�OQ-sN�:=FbMS(�FH:=N�D207:uO�D1(�Q1<nOl:uO�>r(,+ :	8�D27=> QeM/(�M9-/F�:uO�D1(�Qt(,+ Q.-sKAFH> D[DH<u's>AM�>AQ9's> Q
O#(=QTO J >�>&%[O{>AN�Q�:uF
P�:,8�Qs>�O{DHK�\�>AF1'4Z O J >�O{>AP�M.> N�:uOQ-/N�>,Z3:=Q9'CO J >�P�:,8=Qs>AO�DHK�P�(�P�> Q
O	(,+qO J >T<?M�>AK DG> <)DGQEN.-s> <nO{D2(�Q43 $�J >
J D28 J > N^O J >£P�:,8=Qs>AO�DHK¥P<(�P�>AQ
O�Z2O J >£<?O{Nv(�Q98�>ANCO J > DHQ
O{>AN{:=K�O{D1(=Qw;.>AObV�> >AQ5O J > Q.-sKAFH>-/<k:=Q:' O J >
>&%[O�> N�Qs:=F4\�> F2'4Z�:=Q:'CO J > N?>�+>(�N?>,ZsO J > J D18 J > N;O J >zMS(�FH:=N�D207:uO�D1(�Q@3x5y+'O J >AN�>zDH<�Q:(�P�:,8�Q/>AO{DGKz\�>AF1'4Z/O J > N?>
DH<TQ9(£MS(�FH:=N�D207:uO�D1(�Q@3¥B[(WV�>�7�>ANZ;D^+�O J >�O�> P�M�>AN{:uO)-sN�>^DG<�\�QsDyO{>RZ�:uQ9'�:¤P�:,8=Qs>AO�DHK�\s> F1' DG<eMsN�>A<�>AQbOZ
O J > N�>�DH<�:=F2V�:7@�<T<)(�P�>�M/(�FH:=N�D207:uO�D1(�Q�V J DGK J 's> M.> Q:'s<C(�Q O J > <?>M+�:=KAO)(�N�<�3 H OeF1(WV�>AN�O�> P�M�>AN{:uO)-sN�>A<(�N J D18 J >AN^P�:R8�Qs>AO�DHKI\�> F2's<Z�O J DG<�Q�:uO)-sN{:=F2MS(�FH:=N�D207:uO�D1(�Q�DHQ/K N�> :=<�>A<3 $�J DH<^DH<^N?>�+ >AN�N�>�' OQ(�:=<�O J >
O J > N�P�:=F�>N.-sDHFGD1;sN?D1-sP M/(�FH:=N�D207:uO�D1(�Q43u{�Q9's> N=(,-sN;>&%�M.> N?DHP�> Q
Ol:=F3K(�Q9'/DGO{D2(�Qs<|V DGO J :TO{> P�M.> N{:�OQ-sN?>�(,+
� (�Nt}�~1>AF27[DHQ£:uQ9'£:�P�:R8�Qs>AO�DHKt\�> F2'�(,+r� $ >A<�FH:�O J >TO J > N?P�:uF�>N.-sDGFHD2;sN�D2-sP MS(=F�:=N?D107:�O{D1(=Q�(,+�P<(�<?O
P�:uO{>AN�D�:uFH<;DG< :=MsMsNv(W%�DGP�:uO�> Fy@��:3��T��3�B[(WV�>&7�>ANZ�:uO N)(O(�P O�> P�M�>AN{:uO)-sN�>zO J DH<�Q.-sP�;.> N DH< N?>'9-sKA>'�;b@
<�>&7�>AN{:=Fh(=N)'s>AN�<z(R+�P�:,8=QsDGO)-9's>,3	�o(�N�>&%/:=P�MsFH>RZ3:�O �T� ���`Z.O J >�-/<)-�:=Fh?EA65�P�:,8=Qs>AO�DHK�\�> F2'¤<?O�N�>AQ98=O J Z
:=Q9' � �T�,��Z�Nv(X(=P�O{>AP�M.> N�:uOQ-/N�>,Z�O J > O J > N?P�:uF;>N.-sDGFHD1;/N�D1-/P�M/(�F�:uN�D10 :uO{D2(�Q�(R+EO J > ��� 9 Q.-sK FG>-s<`DG<�:3��T� � },�k3 $�J >kN?> F�:�O{D1(=Qs< J DGMc;�>�ObV�>A> Q O J >~O J > N�P�:=F >N.-sDGFHD2;sN�D2-sP M/(�F�:uN�D10 :uO{D2(�Q�:=Q:'�O J >�+�:=K�OQ(�N?<
:,;/(W7�>1DH< :=<=+>(�FGF1(WV <�

n�pw�G�������������� ���V J > N?>tn DH<�O J >)M/(�F�:uN�D10 :uO{D2(�Q4Z � DH<�O J >)P�:,8�Qs>�O{DGKEP<(�P�> Q
O�Z � DH<�O J >)P�:R8�Qs>AO�DHK6\�> F2'�<?O�N�>AQ98=O J Z��� DG<6�r(�FGO)0 P�:=QsQ4� <�K(=Qs<?O{:=Q
O�Z :=Q9'd� DG<;O J >zO�> P�M�>AN{:uO)-sN�>R3
���������	��
����������� � �¡����¢ � � �
5�Q�DGO{<�>A<�<�>AQsK >RZl?k:,8=Qs>AO�DHK6A > <)(=Q�:=QsKA>z5�P�:,8�DHQ:8<BK?EA65GFqDH<�:�7�> Nn@�<)(�M J DH<?O�DHK :uO{>�'<7=> N�<?D1(�Q�(,+@£[-sKAFH>7:uN?k:,8=Qs>AO�DHK�A�>A<)(�Q�:uQsK >*BD£�?�AzF)<?@[<nO{> P�<3I£z?EA DH<�:~P�>AO J (X'L;
@�V J DHK J V�>�K7:=Q >&%�M.> N�DGP�>AQ
Ol:=FGFG@
P�>7:=<v-sN�>�QO-/K FH> :=N�MS(�FH:=N�D207:uO�D1(�Q@3 $�J DG<EO�> K J QsD2N.-s>�O{:,U=>A<z:,':7u:=Q
Ol:R8�>"(R+qO J >`+�:=KAO�O J :uO2> :=K J Q.-sKAFH>7:uN

�



V
ol

ta
ge

Frequency��D28T-sN?> � � $�J DH< DG< :`M/(�<?DGO{D^7�> J @O'sN)(,8�> Q4Zl(�N�M/N)(=O)(�Q4Zs<?D18�Q�:uFK3
<�M.> KADH>A<;MsN�>AK >A<�<�>A< :,;/(T-/O�DGO{<�:�%�DH<�B>V J >AQ�MsFH:=K >�'�DHQ�:�P�:,8�Qs>�O{DHK=\�>AF1'lF�:uO;:�<�M.> KAD2\�K	+ N�>�NO-/> QsK�@TZsO J >P :=N�P<(�Nu+ N�>N.-s>AQsKA@,Z�V J DHK J 's>AM�>AQ9's<�(�QeO J >;>&%[O�> N�Qs:=FsP�:,8�Qs>�O{DHK|\�> F2'43 $�J >�P�:uO�> N?D�:=FbDH<�O J -s<0MsFH:=K >�'
DHQ£:�UbQ9(WV Q P�:R8�Qs>AO�DHK`\�> F2'43 H <?> N?DH> <zDGQ9'9-sK�OQ(�N��[K7:uM�:=K DyOQ(�N��[N�>A<�DG<?OQ(=N2K DGN�K�-sDGOCB :=Q P 9JA KADHN�K�-sDGO F�DG<
<�>�O�-sM�V DGO J O J >�P�:uO�> N?D�:=F�M/(�<�DyO{D1(=Qs>'�:uN)(T-sQ:' O J >�DGQ9'9-sK�OQ(�N�3 $�J > P 9JA KADHN�K�-sDGOTDH<TO)-sQs>�'�<)-sK J
O J :uOzDGO)N�> <v(�Q�:uO�> <�:uO)O J >`<{:=P�>�+ N?>N.-s> Q/KA@ :=<)O J > P :=N�P<(�N[+ N?>N.-s>AQsKA@_(,+�O J > Q.-sK FG> DqDGQ�NO-/> <?O�D1(�Q@3$�J DG<1O)-sQsDGQ98~K :,-s<?> <�:d7,(�FGO{:,8�>`M�> :,U£:uOzO J ><+ N?>N.-s>AQsKA@_V J DGK J V�:=<�K J (�<�>AQ�+>(�NzN�>A<)(�Qs:=QsK >R3 $�J DG<7T(=FGOl:R8�>�N�>A<�M/(�Qs<?>~DG< K(�P�P�(=QsFG@ N�>&+ > N?N�>' OQ(£:u<�:�� K-sNG7�>R3 £	(WVtZ|V J >AQ�O J > P 9JA8K DGN�K-/DGO�� <��
K-/Nv7�> DG<2P�>7:=<v-sN�>�'*(�Q¥:uQ�(�<�KADHFHF2(�<�K�(�M.>,Z.:�M/( V�> Nz'sDHM*(=N2M.>7:,U K7:uQ�;�>�<�> >AQ¥O J :uO2K(�N?N�>A<�M/(�Q9's<2O)(
O J > :=MsMsNv(�MsN�DH:uO{>�Q.-sK FG> DK3 $�J DG< DH<�;.> K :,-s<�>�O J >^Q.-sK FG> D�:uN�>^> <?<�>AQbO�D�:=FGFG@ <)-sK UbDGQ98£MS(WV�> N�+ N)(=P�O J >
K DGN�K�-sDGO):uO)O J >�+ N�>�NO-/> QsK�@ B (�N[8�D27[DHQ:8�MS(WV�> NzDGQkO J > K :=<�>C(R+�:�M�> :,UXF&3"��D18T-/N�> � < J (WV <�:�MS(�<?DGO�D27�>
M/(�F�:=N?D10 :uO{D2(�QM'sDGM DHQC:=QI(=O J >ANvV DG<�>1Q9(�N?P�:=F�� K-/Nv7�>R3?EA65�<n@[<?O{>AP�<�-/<�>C£z?EA O)(�'s>�O{> K�O1Q.-sK FG>7:=NE<�MsDGQs<2O J :uOz:=N?>TM/(�F�:uN�D10A>'k:=Q9'¤KAN�>7:�O{> <1:uQ¤DHP�:,8�>(T-/Ot(R+�O J > PI3<?�(�<nO�<nOl:=Q:'�:=N)'�?EA65EO�> K J QsD2N.-s> <�DHP�:,8�>TO J >`MsN)(uOQ(�Q4Z�(=N J @O'sNv(T8�>AQ Q.-sK FG>-s<�3 $�J >
M�:uO�DH>AQbO;DH<�O J > Q^MsFH:=K >�'^DHQ :e<nO{N)(=Q98 P�:R8�Qs>AO�DHK	\�> F2'LB :=Nv(T-sQ9' �T� ���zF�:uQ9'^O J >2O J > N?P�:uF3>N.-sDGFHD2;sN�D2-sP
<�D28�Q�:=F'O J :uO�V�:=<t'sDG<�K-/<�<�>�' :,;/(W7�>`DH<zDGP�:R8�>'43 $�J >`DHP�:,8�DGQ98M(,+�O J >`O J > N?P�:uFq>N.-sDGFHD1;/N�D1-/P M/(�FH:=NGY
D10 :uO{D2(�Q DH<�(�QsFy@ MS(=<�<�D2;sFH>d;.> K :,-s<�> J @X'/N)(T8�>AQ DH<`<v( MsFG> Q
O{D^+>-sF�DHQ O J > J -sP�:=Q ;/(X'�@ B�<�M.> KAD2\�K :=FHFy@TZ
O J > J @O'sNv(T8�> Q :uO�O{:=K J >�' OQ(^O J >CV;:uO�> N�P�(=FH> K�-sFH>�F&3C£	(=O�<)-sN?MsN�DG<�DGQ98�FG@,Z�'sD2a�> N?> Q
O1O{DG<�<)-/> < J :�7�><'sD2+ Y+ > N?> Q
OzK�(�QsK >AQ
O{N{:�O{D1(=Qs<�(,+�V�:uO{>ANz:=Q9'kO J > N?>�+>(�N?> < J (WV -sM¥DGQ¥:=Q_?EA65 <�K :=Q*V DGO J K(�Q
O{N�:=<?O3t£�?EA
O{>AK J QsD2NO-/> <�< J (WV : <?O�N)(�Q:8�> N <�D28�Q�:=F3D2+�O J >1Q.-sK FG> D :=N?>zP�(=N�>�'s>AQs<�>AFG@ M�:=K Uu>'43

}



���������	��
�������������I�*��� ��� � ���	������ ���<����|�� [�`!#��<�
L2@[Q�:=P�DHK[£[-sKAFH> :=N I (=F�:=N?D107:�O{D1(=Q*B>(�N;L�£ I F�DH<;:eM/N)([K > <?<=;
@�V J DGK J V�>)K :=Q^DHQ/K N�> :=<�>)O J >)M/(�F�:uN�D10 :�Y
O{D2(�Qd(,+�:`Ms:=N?O�DHK-/F�:=N;Q.-sKAFH>�-s<=+�:=N=;�>�@T(�Q:'kDGO�<;O J >AN�P�:=F�>�NO-/DHFHD2;sN�D2-sP MS(�FH:=N�D207:uO�D1(�Q@3
���
	�������������
�$�J > >AQ.7[DGN)(�QsP�> Q
O1DGQ*V J DHK J V�>`:=K J DH>&7�> O J DH< J @[M�>AN�M/(�F�:uN�D10A>'¥<nOl:uO�>eDH<)> %[O{N�>AP�>AFG@kDHP�MS(�NnOl:=Q
O3�5 O
N�>�N.-sDHN?> < :d7�> Nn@ J D18 J P�:,8=Qs>AO�DHK�\�> F2'�(,+	� $ >A<�F�:k:=<`V�> FGF�:u<�N.-sDGO�>�F2( V O{> P�M.> N{:�OQ-sN?> <e:uN)(T-sQ:' �~z> F^7�DGQ43$�J >t\�> F2'~DG<�K N�> :uO{>�'E;
@C:`<)-sM.> N?K(�Q9':-sKAO�DHQ98�<)(�FG> Q9(�D2'^P�:R8�Qs>AO3�5�Qs<�D2's>�O J DH<�P�:,8�Q/>AO�DH<�MsFH:=K >�'
O J >EK�(�F1's>A<?O�> Q9'M(,+ : J > FGD1-sPCY��z>&7=:uMS(�N�:uO{D2(�Q�N�>�+ N?D18�>AN{:uO)(�N3 $�J DG<�N?>�+ N�D28�> N�:uOQ(=N|-/<�> < J > FGD1-sPCY���V J DHK J
N�> :=K J >A<)DGO�<EFGD1N.-sD1'C<?O{:uO{>RZ3:�O):uO�P�(=<�M J >AN�DGK�MsN?> <?<)-sN?>,Z :uO���~C3 P :=N)8�>�M9-sP�Ms<EK N�> :uO{>T:�F2( V MsN�>A<�<)-/N�>
<�DyOQ-�:�O{D1(=Q�DGQTO J >�:uO{P<(�<?M J > N?>;:,;/(W7�>�O J >�FGD1N.-sD2'�M/(X(=FK3 $�J DH<�N�> P<(W7�>A<�O J >|V;:uN�P 7=:uMS(�N':=FGF1(WV DHQ98 O J >
FHD2N.-sD1'�OQ( N�> :=K J O{>AP�M.> N�:uOQ-/N�> <=(R+�:=N)(T-/Q9' � ~C3 $�J (,-98 J DGO�P�:7@�Q9(=O�<�> >AP8P�-sK J Z�O J >�'sD2a�> N?> QsKA>�(,+
� ~ :uOqO J > <?>;O{> P�M.> N{:�OQ-sN?> <0K7:uQ P�> :=Q`:=QC(�Nv's> Nh(R+�P�:,8�Q/DGOQ-:'s>r(�N'P�(=N�>J'sD^a3>AN�>AQsK >�DGQeMS(=F�:=N?D107:�O{D1(=Q43
� ���������! "��#$�&%��(')%
*,+&��-.+/�10 �32 '

4 J >AQdV�>1MsF�:uK >z:eP�:uO{>AN�DH:=FS-/Q9's> N;O J >zK(=Q9'sDGO�D1(�Q/<;:,;/(W7�>,ZsO J >)O J > N�P�:=F�>N.-sDHFGD1;sN?D1-sP M/(�FH:=N�D207:uO�D1(�Q
Q�:uO)-sN{:uFHFG@�DGQsK N?>7:=<?> <3 $�J DG<�DHQsKAN�> :=<�>RZ J (WV�>&7�>ANZ.DH<;Q9(uO J DGQ98 K(�P�M�:=N?>'�O)(eO J >tUbDHQ9'k(R+'M/(�FH:=N�D207:uO�D1(�Q
O J :uO K7:=QI;.>�:uK J DH>&7�>'�;
@ L�£ I 35�Q�(�Nv's> N OQ(EMS(=F�:=N?D10 >�: P�:uO{>AN�D�:uF�DGO�P�-s<nOx\sN�<?O J :�7�>�:E<v(T-sN�KA>r(,+X+ N�>A>�>AFH> K�O{Nv(�Qs<3 $�J DH<�DH<':=K J DG>�7=>';
@~:�MsNv(�KA> <�<2K7:=FGFH>'I'9(�M/DHQ9893 4 >e:R'9'¤:�K J > P�DHK :=F K(�P�MS(,-sQ9'4Z O J :�O J :u<2:�Ms<)-s>�'9(RYK+ N�> >T> FH>AKAO�N)(�Q4Z
OQ(`O J >�P�:uO�> N�DH:=F3DGQ~<?P�:uFHF�:uP�(T-/QbO�<3 $�J > <?>"+ N?> >�> FH>AKAO�N)(�Qs<�:=N?>zO J >�> FG> KAO�N)(�Q/<6V J (�<�>�:=FHD28�QsP�> Q
O�DG<
K(=Qs<�D2's> N?>'CDHQ^O J >1>AQs> Nv8=@ FH>&7�> F�'/D�:,8�N�:=P DHQk\o8T-sN?>"}X3$�J ><U=>A@£DGQ98�N?>'sDG> Q
OzO J :�Ot'sN�D^7�> <zO J >`MS(�FH:=N�D207:uO�D1(�Q~MsN)([K >A<�<�DH<zP�DHKAN)(WV;:�7=>�N�:,'sDH:uO{D2(�Q43 4 >`DHQXY
O{Nv(X':-sK >�P�DHKAN)(WV�:W7=> <C(,+�:¤<?M�>AK D^\�KM+ N�>�N.-s> QsK�@wB :uQ9'4ZqO J > N�>&+>(�N�>RZ0> Qs>AN)8=@:F�O)(kO J >^P�:uO�> N�DH:=FK3 $�J DG<V DHFGFo'sN�D^7�>�O{N{:uQs<�DyO{D1(=Q H (�NJ��DGQ�\o8,-sN�>�}X3 4 J DGK J O{N�:=Qs<�DyO{D2(�Q�DG< '/N�D27=> Qk's>AM�>AQ9's<J(=Q�O J >	+ N�>�NO-/> QsK�@(,+�O J >`P�DHKAN)(WV;:�7=>�>AQs> Nv8=@¥K�(�P�DGQ98^DHQ@3 $�J >C+ N�>�NO-/> QsK�@ DG<�'sDHN?> K�O{FG@~N�>AF�:uO�>'¥OQ(^O J >`> Qs>AN)8=@_(,+�O J >
P�DHK Nv(WV;:�7�>A<e<)(kDGO�DH<TKAFH> :=N J ( V (�Q/>�+ N�>�N.-s> QsK�@�V DGFHF�K7:,-/<�>�O J >�>AQs> Nv8=@65v-/P�M DGQ H :=Q9'�:kF2(WV�>AN+ N�>�N.-s> QsK�@dV DHFHF�K7:,-/<�>1O J >1F1(WV�> N�>AQs> Nv8=@75v-sP�MCDGQ9'sDGK7:uO�>'d;
@�O{N�:=Qs<�DyO{D2(�Qd�z3�o(�N0MS(=F�:=N?D107:�O{D1(=Q�OQ(t([K K�-sNZ
>ADGO J > N�<?O{:uO{>A< � :=Q:' � (�N0<nOl:uO�> < }z:=Q9'8�1P�-s<?O�;.> MS(=M9-sF�:�O{>'@3 $�J DG<
P�>7:=Qs< O J :uO�Z OQ(�MS(�M:-sF�:uO�>1<?Ol:�O{> < � :=Q:' � +>(�N > %s:uP�MsFG>,ZlV�>�P�-s<nO2>AP�M/O�@C<nOl:uO�> <�}�:=Q9'��:36£[-sKAFH> D
DHQ¥<nOl:uO�>�}�K7:uQL8,(�OQ(^<?O{:uO{> � O J N)(,-98 J P�DHK Nv(WV;:�7�>eO�N{:=Q/<�DGO�D1(�Q*�z3 $�J >`>AFH> K�O{Nv(�Qs<)N?> F�: %cB P�> :=QsDHQ:8
O J :uO2O J >A@E'sN)(�M*+ Nv(�P O J > J D18 J > N2>AQs> Nv8=@¤FG>�7=> F'O)(�O J >TF1(WV�>AN�(�Qs>�FEP�-sK J P<(�N?>�N.-sDHK UbFy@~O J :=Q¤O J >
Q.-sK FG> DD3 4 J >AQ�:=Q�>AFH>AKAO{Nv(�Q N�>AF�:�%�> <�Z�Q.-sKAFH>ADr+ N)(�P�<?O{:uO{>9�_8T(¤O)(�}¤:uQ9'�O J (�<?> DHQ�<?O{:uO{> � 8T(¤O)(
� 3C5�Q£O J DG<�V;:7@TZ�>�7=> Nn@[O J DHQ:8~>AQ9's<`-sM DGQ£<?Ol:�O{> < � :=Q9' � 3�5 O�DH<1:^P�-sK J F1(=Q98�> N)O�DHP�>dB�N?> FH:uO{>�'£O)(
O J >�N?> FH:�%/:uO{D2(�Q�O{DGP�>RZ�:CNO-s:=Q
O{DGO�@�O J :uO6V DGFHF@;.>t'sDH<?K-s<?<�>�'kF�:�O{> NQFr;�>&+>(�N�>zO J >1QO-/K FH>AD N�>AF�:�%_B�K7:R-s<�DGQ98
O{N�:=Qs<?DGO{D2(�Qs<z+ Nv(�P:� O)( � :=Q9'�+ N)(�P }�OQ( � F2<v( O J > <?> O{N{:uQs<�DyO{D1(=Qs<�'9( Q9(=O)Qs> >�' O)(I;.> K(=Qs<�D2's> N?>'V J DGFH>zP�DHK Nv(WV;:�7�>1>AQs> Nv8=@ DH<�MsN?> <?> Q
OEO)(�'sN�D^7�>zO J >1M/(�F�:uN�D10 :uO{D2(�Q43
;z7�> N`O{DGP�>RZ�:=< O J > Q.-sK FG> D N�>AF�:�%SZ MS(=F�:=N?D107:�O{D1(=Q DH< N?>'9-/K >'@3 $�J DG<�K :=Qg(�QsFG@�(�KAK-sN�V J >AQ�O J >'sN?D27[DHQ98^P�DHKAN)(WV�:W7=>�>AQs> Nv8=@¥DG<�Q:(=OzO J >AN�>`OQ( K(,-sQ
O{> N�:=KAO�O J >�>&a3>AKAO�<3 $�J DH<1N�>AF�:�%/:uO�D1(�Q¥K :,-s<?> <�:=Q

�



��D28T-sN�>J}X� $�J DH<'DH<0:z8=> Qs>AN{:=F�> Qs>AN)8=@TFH>�7=> F9'/D�:,8�N�:=P < J ( V DGQ98)O J >;N�>AF�:uO�D27�>�> Qs>AN)8�DG> <#(,+ > :=K J MS(=<�<�D2;sFH>
<�M/DHQd(�N�DG> Q
Ol:�O{D1(=Q43
>&%�M/(�Qs>AQbO�D�:=Fu's>AK N�> :=<�>TDHQkM/(�FH:=N�D207:uO�D1(�Qk(W7�>AN2O{DGP�>1FG>7:,'sDGQ98<-s<EO)(M;.>T:,;/FH>1OQ(M'/>AO{>AN�P�DHQs>T:�K J :uN{:=K Y
O{>AN�DG<?O{DGKzN�>AF�:�%/:uO�D1(�Q�O�DHP�>zV J DHK J V DHFGF@;.>1>&%[O{N?> P�> FG@�DHP�MS(�NnOl:=Q
O�DHQ^O J DG<�>&%�M.> N�DGP�>AQ
O�3
2�� �  "��#��������� ���� �� ���*,+ ��+£�?�A-O{>AK J Q9(�F2(T8=@CDH<z-s<�>�'�'9-sN�DGQ98�M/(�F�:uN�D10 :uO{D2(�QC:=<zV�> FGFq:=<EDHQkO J >�?EA65 <?@[<?O�> P�<3�L�-sN�DGQ98�M/(�FH:=NGY
D10 :uO{D2(�Q O J >"(T;�7�D2(T-s<[NO-/> <?O�D1(�QkDH<2N�:=DH<?>'4� J (WV ':(MV�>�P�> :=<)-/N�>TO J >TM/(�F�:uN�D10 :uO{D2(�Q
	 $�J > :=Q/<vV�> N)DG<
O J :uOrV�>�-s<?>�£�?EA OQ(�'s>AO�> KAO�O J >EQO-/K FH> :=N�M/(�FH:=N�D207:uO�D1(�Q�:=<�:�'sDHM�DHQ^: � K-sNG7�>1:=<�< J (WV Q^DHQ�\o8T-sN?>
� 3 4 >�<)-9;/O�N{:=K�O2O J > �-K-sNG7�>�+ Nv(�P O J >�O)(=Ol:=F <?D18�Q�:uF :=Q9'¤:uN�>1FH>&+�O	V DyO J :�<?D18�Q�:uF <)-sK J :=<�O J >�(�Q/>
DHQk\o8,-sN�> � 3$�J >�:uN�>7:d-sQ9'/> N�O J >�K-sNG7�>�DG<�FGDHQs> :=N�Fy@kN?> FH:uO{>�' OQ( O J >�M.> N?K > Q
O�(,+;M/(�F�:uN�D10 :uO{D2(�Q43��X(9Z V�>�:=N?>
:,;sFG> OQ(CK7:=FGK-sFH:uO{>`: K7:=FGD1;sN�:uO{D2(�Q¤K�(�Qs<?O{:=Q
OTO J :uO�K7:=Q£Ol:RU=>`O J >�:=N�> :I-/Q9's> N1O J >�<?D18�Q�:uF0K-sNG7�>�:uQ9'
O{N�:=Qs<?F�:uO�>)O J :uO6'/DHN�>AKAO�FG@�DGQ
OQ(�: MS(�FH:=N�D207:uO�D1(�Q@3
����� �������� ���8���!�7� � ������

;)Qs>E(R+2O J >kP�: 5v(�N�'sD���K�-sFGO�DH> <�(,+2O J DG<�> %/M.> N?DHP�> Q
O�Z;:=<�V�>�V DGFHF�<�>A>kFH:uO{>ANZ�DG<�O J :uO�DGO�DH<�N{:�O J >AN
>&%�M.> Qs<?D27=>�OQ(E(,;/Ol:=DGQ O J >�Q.-sKAFH> D|(,+�DGQ
O{> N?> <nO�3��M�>AK D^\�K7:=FGFG@,ZxV�>^:=N�>�DHQ
O�> N�>A<?O�>'�DHQ O J >�P�(=N�>�N{:=N?>
DH<v(=OQ(=M�>A<|(R+�Q�:uO)-sN{:uFHFG@"([K K-/N�N�DGQ98�QO-/K FH>AD <)-sK J :u<�K :=N);/(�QEB O J >EDG<)(=O)(�M.>=;�>ADHQ98 ��� 9g(�N ��� £zF&3�5�QM(=N)'s>AN
OQ(M8�>AOzK :=N);/(�QXY ��� V�>�V (T-sF1'E;9-/@¥:�P�:uO�> N?D�:=F <)-/K J :u<z-sN?>7:�O J :uO J :u<)K7:=Nv;S(=Q¥DHQkDyOz:=Q:' J :�7�>eO J >
Q�:uO)-sN{:uFHFG@�([K K-/N�N�DGQ98`K7:=Nv;S(=QXY � }TN?> MsFH:=K >�'IV DyO J K7:uN);/(�QXY �7� 3
4 J DHFG>~O J >kM/(�<�<?D1;sFG>E;.> Qs>&\sO{<�+>(=N�?EA65C+�:=NM(,-/ObV�>AD18 J O J >¤K�(�<?O�(,+�:]V (�N)UbDHQ:8 P�:�O{> N?D�:=FDZ V�>

P�-s<nO;> %/M.> N?DHP�> Q
O;DGQM(�Nv's> N�OQ(`\�Q9'^:TP�:uO�> N�DH:=FsO J :uO�DG<�:uMsMsN)(=MsN�DH:uO{>6+>(�N|(T-sN�M:-sN�M/(�<�>A<tB :�<�>AFH> K�O{D2(�Q
�



V
ol

ta
ge

Frequency��D18,-sN�> � � $�J DH< DH< : <)-:;/O{N�:=KAO�>'kM/N)(=O)(�Q <�D18=Q�:=FK3
MsNv(�KA> <�<qO J :uO#V DGFHFO;�>J'/DH<�K�-s<�<?>'�DHQ P<(�N�> 's>AO{:=DHF�F�:uO�> NQF&3u5 O�DH<'O J DH<�>&%�M�>AN�DGP�>AQbO{:uO{D2(�QTO J :uO#;.> K�(�P�>A<�:
MsNv(T;sFH>AP :u<;DGO Vr(T-/F1'^N�>�N.-sDHN?>)O J >)M:-sN�K J :u<�>t(,+ P�:=Q
@�<{:uP�MsFG> < (,+�>&%�M�>AQs<�D^7�>1P�:uO{>AN�D�:uF O J :uOJV (T-sF2'-sFyO{DHP�:uO�> FG@�MsNv( 7=>EDGQs>�a�> K�O{D^7�>6+>(�N ?EA	5 -s<�>R3 $�J > N?>2DH<�Z J (WV�>&7�> N�Zs:tV;:7@�:=Nv(T-sQ9'�O J DG<�q:zO J >(�N?>AO{DGK7:=F
OQ(O(�F3O J :uO DG<�K7:=FGFH>' >�NO-s:=F <�MsDGQCO�> P�M�>AN{:uO)-sN�>R3�;:=<?DHK7:uFHFG@,Z|>N.-�:=F[<�MsDGQ�O�> P�M�>AN{:uO)-sN�>�:=FGF1(WV < -s<�O)(zUbQ9(WV�V J :�O�O J >�M/(�F�:uN�D10 :uO{D2(�Q�(,+s: ��� 9 Q.-sKAFH>�-s<V (T-sF1'M;�>ED2+@V�>�UbQ9(WV O J > J @X'/N)(T8�>AQ^MS(=F�:=N?D107:�O{D1(=Q�+ Nv(�P O J >)<{:=P�>�P�:uO�> N?D�:=FuB V J DHK J V (�N)Ub<rV�> FGF3:u<-sN?>7::Z.:=Q9'~P�:uQb@d(uO J >AN�P�:uO�> N�DH:=FH<�Z J :�7�>";S(uO JCJ @O'sNv(T8�>AQ¥:=Q9'~K7:=Nv;S(�QoF&3r5�QCO J DG<=V;:7@TZ/V�>�K7:uQE;9-/@
DHQ/>&%�M�>AQs<�D^7�>RZ9-sQs>AQ J :=QsKA>'^P�:uO{>AN�DH:=F :=Q9'�M/(�FH:=N�D20 >�O J > J @X'/N)(T8�>AQ43|��N)(�P O J DH<|V�>EK7:=Q J :�7=>z:"8T(O(O'
D1'/>7: J (WV5O J >1K7:=Nv;S(�QOY ��� V (T-sF1'd'9(�V DGO J (T-/O >&7�>AN[;9-�@�DGQ98�:=Q
@T3$�J >2>�N.-�:uO{D2(�QM;.> F2(WV N�>AF�:uO�> <�OQ(=O{:=F MS(�FH:=N�D207:uO�D1(�QeO)(e:1Q.-sK FG>-s<��/P�:,8�Qs>�O{DHK P<(�P�> Q
O�O J Nv(T-98 J :=Q
>&%�M.> N?DHP�> Q
Ol:=FGFG@�'s>AO�> N?P�DGQs>'IN.-�:=Q
O{DyO�@^K7:=FGFH>�'�O J >1<�M/DHQ O{> P�M.> N{:�OQ-sN?>,3

n p �G����� � ������ �����
4 J > N?>�����DG<�O J > <?MsDHQ O�> P�M�>AN{:uO)-sN�>R3 $�J >£<�M/DHQ O{>AP�M.> N�:uOQ-/N�>¥DH<�O J >£<{:uP�>£:=<�O J >£:=K�OQ-�:=F

O{>AP�M.> N�:uOQ-/N�>�-sQ9's>AN�O J > N?P�:=F0>�N.-sDHFGD1;sN?D1-sP K(�Q:'sDGO�D1(�Qs<�:=Q:'�(�QsFy@¥<?O�N{:7@[<e:�V�:�@ :u<�M/(�F�:uN�D10 :uO{D2(�Q¤DG<
> Q J :=QsKA>' ;�>�@T(�Q:' O J >CO J >AN�P�:=FE>�N.-sDHFGD1;sN?D1-sPI3 �X(9Z�D^+z>N.-�:=F�<�M/DHQ�O�> P�M�>AN{:uO)-sN�>k:=MsMsFGDH> <EB>V J DHK J
:=MsM.>7:uN�< OQ(<;�>1O J >�K7:u<�>TDGQ�-/N�>7:TF�O J > Q�(�Qs>�K7:=Q~<�DHP�MsFy@�M/(�F�:=N?D10A>)O J > J @X'/N)(T8�>AQkOQ(�DGO�< P�:�%�DGP�-sP7u:=F1-/>,Z�MsF1-98CO J :�OTDGQbO)(~O J >�>�N.-�:uO{D2(�Q :uQ9' <)(=F27�>�+>(�Nt�`3 $�J > Q�V�>�<?DHP�MsFG@¥N?> MsFH:=K >�O J >�P�:,8�Qs>�O{DHK
P<(�P�>AQ
O6(,+'O J >1MsN)(uOQ(�QkV DGO J O J >1P�:,8�Qs>�O{DHKzP<(�P�> Q
O=(,+ ��� 9 :uQ9'~M/F1-98 DGQd�5OQ(C\�Q9'�n<3

�



��� � ����
������ � ���k!
$�J > M9-sN?MS(=<�>	(,+�O J DH<0> %�M�>AN�DHP�> Q
O�DG<qOQ(t-sFGO�DHP�:uO{>AFG@`;.>E:R;sFH>�O)(t'sN{:=P�:uO�DHK7:uFHFG@�>AQ J :=QsKA>�O J > K(=QbO�N{:=<nO(,+h?EA65�DHP�:,8�>A<�:=Q9' OQ(`<?DHQ98�FG>�(T-/O M�:uN?O{DGK-sFH:=N;<n@�<nO{>AP�<	(,+�O J >t;/(X'/@,3?EA65�Q9(=N�P�:=FHFy@�-s<�>A<;O J >)O J > N?P�:=F.>N.-sDGFHD2;sN�D2-sP MS(�FH:=N�D207:uO�D1(�Q�(,+':=Q :�OQ(�P O J :�O=(�KAK-sN?<�DHQ�8=N�>7:�ON.-�:=Q
O{DyO�@�DHQ�O J >�;/(X'�@S� J @O'sNv(T8�>AQ43 H Q9(=O J > N (�M/O�D1(�Q�DH<�OQ(�-/<�>)Q.-sKAFH> D O J :uOJ'9(TQ9(=O (�KAK-sN;Qs:uOQ-sN�:=FHFy@
DHQ¥O J >C;S(O'/@¥<v-sK J :=<1K7:=Nv;S(�QOY ��� B�:=KAO)-�:=FHFy@TZ ��� 9 '9([> <�([K K-/N�Qs:uOQ-sN�:=FHFy@¤:u<1:=MsMsNv(W%�DGP�:uO�> Fy@ � � (,+
K7:uN);/(�Qs<�:=N�>�O J DH<�DH<)(uOQ(�M.>WF 3 $�J >A<�>[+>(=N�> D28�Q�QO-/K FH>AD.:=N�>�O J > Q�DGQ
O{N)(O'9-sKA>'�DHQ
OQ(1O J >	;/(X'/@ :uO�: J D28 J >AN
M/(�F�:=N?D10 :uO{D2(�Q�O J :uQkO J >�O J >AN�P�:=F >N.-sDHFGD1;sN?D1-sPI3 $�J -s<�Z3O J > J D18 J > N�MS(�FH:=N�D207:uO�D1(�Q^P�:,Uu> <�-sM�+>(�N2:uQb@
F�:uK U�(,+[N.-�:=Q
O{DyO�@T3c5�Q�:R'9'sDGO�D1(�Q@ZqO J > P�:uO{>AN�D�:uF�K7:uQg;.> P�:R's>�OQ(¥Ol:uN)8�>�O�:£Ms:=N?O�DHK-/F�:=Ne<n@[<?O{>AP�(,+
O J >C;S(O'/@T3"�o(�N2> %/:=P�M/FH>,Z�O J > F2(�K :uO{D2(�QE(,+�DGQ 5?> K�O{D1(=Q*V DHFHF J >AFHM¤Ol:uN)8�>�O1:=Q£:=N?>7:k;9-/O1:uFH<)(k'/D2a�> N�>AQ
O
P�:uO{>AN�D�:uFH< :=N?> J :=Q9'sFG>'g'sD2a�> N?> Q
O{Fy@c;b@�O J >I;S(O'/@TZ�P�>�Ol:,;/(�FGD10 >�'�:uO<'sD2a�> N?> Q
O�N�:uO{>A<�:uQ9'�<?> Q
O�O)('sD^a3>AN�> Q
O	(�Nv8
:=Qs<�3$�J >;M/(�F�:uN�D10 :uO{D2(�Qt(,+sO J >;P�:uO{>AN�D�:uFb:=Q9'TO J >;F�:uK U`(R+o;�:=K U.8�Nv(T-sQ9' Q9(=DH<�>�B>V J DGK J Vr(,-sF1'";�>;K :,-s<?>';
@ : J D18 J Q�:uO)-sN{:=F�:,;9-/Q9'�:=QsKA>^DHQ O J >�;S(O'/@:F`V (T-sF1' :=FHF2( V :=Q > %�O�N�>AP�>AFG@ J D18 J K(�Q
O�N{:=<nO DHP�:,8�>(,+0O J >�(�Nv8
:=Q*(�N2<?@[<?O�> P DGQ*N.-s> <nO{D2(�Q¤OQ(k;.>eMsNv(X'9-/K >'�;
@~O J >�?�A	5 <?@[<nO{> PI3 $�J > :,'X7=:uQbO{:,8�>A<�(,+
O J DH<;P�>AO J (X'�:=N�>�(,;.7[D2(T-s<3#5 O K�(T-sF2'�>�7=> Q J > FGM�OQ(eN?> <)(=F27�>)O�DH<?<)-s>A<;O J :uO�:e<?Ol:uQ9'�:=Nv'I?EA	5�K7:uQ^Q9(=O�3$�J >�P�:=DGQ£K(�Qs<?D1's>AN{:uO�D1(�Q DH<zO J :uO�O J >�Q.-sK FG> D�N�> FH:�%£N�:=MsD1'/FG@£:uO�N)(O(�P O�> P�M�>AN{:uO)-sN�>A<3 $�J >AN�>&+>(�N�>RZ
O J >�?�A	5�P�-s<?O	;.>zM�>ANv+>(�N?P�>�'kV DGO J O J > <�>zO�DHP�>zN�> <nO{N�:=DHQ
O{<�O{:,U=>AQ~DGQbO)(�:=K K�(T-sQ
O�3
�  � �  �� ���� ����+&��#�� � ��������+��>AK7:,-s<?>MV�>�M/(�F�:=N?D10A>`:uOT<v-sK J F2( V O{> P�M.> N{:�OQ-sN?> <e:uQ9' J D28 J P�:,8=Qs>AO�DHKC\�> F2's<�DGO�DH<�DHP�MS(=N?Ol:uQbOzO)(
K(=Qs<�D2's> N�O J :uO�O J >1M/(�F�:uN�D10A>'^P�:uO{>AN�DH:=FSV DGFHF J :W7=>�O)(�;.>�V�:=N�P�>'I-sM~:=Q9' Ol:,Uu> QCDHQ
OQ(�: F1(WV�> N=\�> F2'
DHQ�(�N)'s>ANTOQ(E;�>�-/<�>'@3 $�J DG<eM/(�<�>A<`:k<�>&7�> N?> MsN)(T;/FH> P�:=<eM/(�FH:=N�D207:uO�D1(�Q£DH<T<?O{Nv(�Q98�Fy@£O{> P�M.> N{:�OQ-sN?>'s>AM�>AQ9's> Q
O36�l(=N;O J DG<�N?>7:=<v(�Q4Z DGO�DG<�DGP�M/(�NnOl:=Q
O;O)(�:=K J DH>�7=>�;/(=O J :C7�> Nn@ J D18 J M/(�F�:uN�D10 :uO{D2(�Q^:=<6V�> FHF
:=<�-s<?>k:¥P�:uO{>AN�D�:uF V DGO J :¥F2(�Q98£N�>AF�:�%/:uO�D1(�Q O�DHP�>,3 H J D18 J M/(�FH:=N�D207:uO�D1(�Q DH<`DHP�MS(=N?Ol:uQbO�;�>AK7:,-s<?>
<)(�P�-sK J V DGFHF4;.>TF2(�<?O	'9-/N�DHQ:8<V�:=N�P�DHQ:8�O J :uO�DGO�P�-s<nO)<nOl:=NnOz(T-�O[N.-sDyO{> J D18 J O)(M;.>"-s<?>�+>-sF':uO[;S(O'/@
O{>AP�M.> N�:uOQ-/N�>,3 $�J >�N�>AF�:�%/:uO�D1(�Q)O�DHP�>qDH< DGP�M/(�N?O{:=Q
O�;.> K7:R-s<�>�O J >�P�:uO{>AN�DH:=F=P�-/<?O ;.>�:R;sFH>qO)(�P�:=DGQbO{:=DHQ
DGO�<�M/(�F�:uN�D10 :uO{D2(�Q<'9-sN�DGQ98TO J DH<�O�DHP�>[V J >AQ^O J >AN�>�V DHFGFl;�>)Q:( MS(�FH:=N�D20 DGQ98�P�DHKAN)(WV�:W7=>z> Qs>AN)8=@�OQ(C'sN?D27=>
O J >�M/(�FH:=N�D207:uO�D1(�Q43 �X(9Z�DGQd(T-sN�<�> :=N�K J +>(�N�P�:uO{>AN�D�:uFH<�O J > <?>T:uN�>zO J >zObV (�K J DH>�+'K(=QsK >AN�Qs<�3{EQ:+>(=N?OQ-/Q�:uO{>AFG@,Z�DGQ :=Q
@�8�D^7�>AQ�P�:uO�> N�DH:=FKZ J D18 J > NeM/(�FH:=N�D207:uO�D1(�QL-s<)-s:=FHFy@ K�(�P�>A<`:uOeO J >^K(�<nO�(,+
< J (�N?O�> N`N�>AF�:�%/:uO�D1(�Q�O{DGP�>A<3 $�J DG<`DH<�;�>AK7:,-/<�>~: J D28 J >AN K(�QsKA> Q
O{N�:uO{D2(�Qg(,+z':(�MsDHQ:8_V DGFHFJ8=> Qs>AN{:=FGFG@
:=FGF1(WV :�+�:=<nO{>AN2M/(�F�:=N?D10 :uO{D2(�Q�;:-/O2O J :uO)<�:=P�>�'9(�M�:uQbOEO J :�Oz:=FGF1(WV <EO J >TM/(�F�:uN�D10 :uO{D2(�Q^OQ(^<v(
:=N[V J > Q
P�DHK Nv(WV;:�7�>�> Qs>AN)8=@ DG<T:=M/MsFHDG>'_V DHFHF0<?M�>A>' :=F2(�Q98 O J >�N�>AF�:�%/:uO�D1(�Q�V J >AQ�<{:=D2' > Q/> N)8u@ DG<�N?> P<(W7�>'@3
�X(9ZsO J > N?>1DH< :eO{N�:,'s>t(,a*V J >AQE's>AK D2'sDHQ98 J (WV5P�-sK J '9(�M�:=Q
O OQ(�-s<?>,3H Q9(uO J >AN�K�(�Qs<?D1's>AN{:uO�D1(�QkV J DGK J P�-/<?O	;�>�:,':'sN�>A<�<�>�'E;.>�+>(�N?>zO J DG<�>&%�M�>AN�DGP�>AQbO�K :=Q~P<(W7�>zOQ(`O J >
Qs> %�O <nOl:,8=>¤DH<�O J >¥<{:�+ >AO�@ (R+1P�:uO�> N?D�:=FG<3(;�-sN�M/N�DHP�:=Nn@�K J (�DHKA> <�+>(�N J (�<?O P�:uO�> N�DH:=FH<EB -/N�>7:�:uQ9'8�F2-sK(�<?>WF^:=N?>L-/QsFHD2U=> Fy@ OQ( K :,-s<�> MsN)(,;sFH>AP�<k;9-�O�(,-sNd'9(�M�:=Q
OZ $ >AP�M/(9Z2DG<C:�K�(�P�M/FH>&% P�(=FH> K�-sFH>
O J :uOz:=K�O{<z:u<z:=Q*(�%�D1'�:uQbOz:=Q9'EV�:=N�N�:=Q
O{<zKAF1(�<?> N2DGQs<�M.> K�O{D2(�Q43 $�J >A<�> K�(�Qs<�D2's> N�:uO{D2(�Qs<�Z J (WV�>�7�>ANZ�:=N?>
<)(=P�>&V J :uO	;�>�@T(�Q:'CO J >1<�K(=M�>`(,+�O J DG<�M�:=M.> N3

�



�  �  � "��# � �� ���*,+&��+

4 >�K(=Qs<�D2's> N?>' <?>�7�>AN{:=F J (�<nOeP�:uO{>AN�DH:=F��I':(�M�:=Q
O�K(�P�;/DHQ�:uO�D1(�Q/<1O J :uO`+�:=DHFG>'_'9-s>�OQ(~> DGO J > N�M/(X(�N
M/(�F�:=N?D10 :uO{D2(�Q�(�Nt+�:=<?O�N�>AF�:�%/:uO�D1(�Q£O{DGP�>�(�N`;S(uO J ;.>�+>(�N?><V�>�+>(,-sQ9' MsNv(�P�DH<�DGQ98 P�:�O{> N?D�:=FD3��X(=P�><(,+
O J > <�>�+�:=DGFH>�'�P�:�O{> N?D�:=FG<�DGQsK F2-9's>�8�F2-sK(=<�>�V DGO J :=Q DHNv(�Q^K(�P�M/(T-sQ9' :=< :C'9(=M�:=Q
O�:=<JV�> FHF�:=<=8�F1-/K(�<?>V DGO J $ > P�MS( B>V J DGK J +�:=DGFH>�' -sFyO{DGP�:uO�> Fy@�;.> K :,-s<�>~O J > $ >AP�M/(]V�:=<�Q9(=O�-sQsD2+>(=N�P�FG@�'/DH<�M.> N?<�>�'4Z :
MsNv(T;sFH>AP O J :uO6V;:u<�FH:uO{>AN�N�>AP�>�'sDH>�'lF&3$�J >EO{:,;sFG>�DGQC\o8T-sN?>���< J (WV <�O J >=7[D�:,;sFG> P�:uO�> N?D�:=FG<3u5 O�DGQ9'sDGK7:uO�> <#+>(�N�>7:=K J O J >ADHN�P�: %/DGP�-sP MS(RY
F�:uN�D10 :uO{D2(�Q<B�M/(�<?DGO{D^7�>�(�N Qs>�8
:uO{D^7�>�F&Z,':(�MsDHQ:82:=P<(T-sQ
OrB :uFHFb:=N?> '9(=M�>�'"V DGO J"$ > P�M/(.F&Zu:=Q9'T:EN�>AF�:�%/:uO�D1(�Q
O{DGP�>CB :=F2(�Q98�V DGO J O J >zO{>AP�M.> N�:uOQ-/N�>�:uO=V J DGK J O J >1N�> FH:�%/:uO{D2(�Qk([K K-/N�N�>�'lF&3$�J DH<'Ol:,;sFG>�>AQsK(�P�M�:=<?<�>A<�:�8�N�> :uOh's> :=F:(R+ DHQ:+>(�N?P�:�O{D1(=Q43 $�J >�DHP�M/(�N?O{:=Q
Oq:=<?M�>AKAO�<�:=N�>�P�:�%�DGP�-sP
M/(�F�:=N?D10 :uO{D2(�Q :=Q9'�N�>AF�:�%/:uO�D1(�Q O{DGP�>R3 4 >IV DGFHF;O{N?>7:uO`O J > <?>~ObV (�:=<�M.> K�O{<�<�> Ms:=N{:uO�> Fy@ DHQg(�N)'s>AN�O)(
MsNv(�M�>AN�Fy@�-/Q9's> N?<?O{:=Q9'_;S(uO J O J >TP�>7:=Q/DHQ98�(,+0O J >�'�:uOl:�:=<[V�> FGFq:=<�O J >�(W7=> N{:uFHFu-s<�>&+>-sFHQs>A<�<�(,+�> :=K J
P�:uO{>AN�D�:uFK3
�  �� ��� ��� ' � ��  ���. �&������o(�N):uQb@E8�D27=> Q¥P�:uO{>AN�DH:=FJB>-sN�> :�(�N�8�F2-sK(=<�>eDGQkO J DG<)K7:u<�>WFEO J > P�:�%�DHP�-sP M/(�F�:uN�D10 :uO{D2(�QC:=K J DG>�7u:,;sFG>'s>AM�>AQ9's<z-/MS(�QCP�:=Q
@�+�:=KAO)(�N�<�3
;)Qs>t(,+'O J >A<�>t+�:=KAO)(�N�<�DH<=':(�MsDHQ:893 $�J DH<�DH<;O J >"(=QsFG@�+�:=KAO)(�N�O J :uO6V�>
J :�7�>�FH>&+�O`7u:=N?D�:,;/FH>�V DyO J DGQ > :=K J P�:uO{>AN�DH:=F0:=Q9' <)(dV�><V DHFGFq<?O)-9'/@£O J >�P�:�%�DHP�-sP MS(=F�:=N?D107:�O{D1(=Q*(,+
>7:uK J P�:uO{>AN�DH:=F�:=<�:�+>-sQsK�O{D2(�Qd(,+ ':(�M�:=Q
O�K(�Q/K > Q
O�N{:uO�D1(�Q435 O;DG<|(,;.7[D2(T-s<�O J :uO|V�>)< J (,-sF1'�K(�P�M�:=N?> O J >z8=F1-sK�(�<�> OQ(�O J >	8�F1-/K(�<?>2:=Q:'�O J >z-sN?>7:�O)(�O J >z-sN?>7::3
B[(WV�>�7=> NZ':�N.-s> <nO{D2(�Q£N�> P�:=DGQs<):=<)O)(�V J >AO J > N�V�>`K7:=Q¥K�(�P�Ms:=N�>�;.>AObV�> >AQ O J >C'sD2a�> N?> Q
OzO�@[M�>A<�(,+
> Q J :=QsKA>'�-/N�>7: <{:uP�MsFG> <�3`L�-sN�DGQ98�O J >�'sDG<�K�-s<�<?D1(�Q_(�Q >N.-�:=F0<?MsDHQ£O{>AP�M.> N�:uOQ-/N�> DGOzV;:=<�DHQ:'sDHK :uO{>�'
O J :uO�(�Qs> K(,-sF1'c-s<?>k:=Qc-sQ/> Q J :uQsK >�' <{:=P�MsFG>�OQ(_8
:,-98=>�V J :uO�:=Q�> Q J :uQsK >�'�<{:uP�MsFG>MV (T-sF1'g'9(93$�J DG<�:u<�<)-/P�>A<�O J :uO0O J > J @O'sNv(T8�>AQ�Q.-sK FG>-s<�DHQ`:1<{:uP�MsFG>rV DGO J K7:=Nv;S(�QOY � }zV (T-sF1'`M/(�F�:uN�D10A>�O J >�<�:=P�>
:=<�O J > J @O'sNv(T8�>AQ�+ N)(�P$:~K :=N);/(�QXY ��� <�:=P�MsFH>R3�O(9Z'O J >�F1(,8�DHK�+>(�FGF1(WV <1O J :uO`V�>�K7:=Q K(�P�M�:=N?>�O J >
J @O'sN)(T8=> Q P�:�%�DHP�-sP MS(�FH:=N�D207:uO�D1(�Q/<C;�>�ObV�>A> Q O J >~K7:=Nv;S(=QXY ��� -sN�> : :=Q9'�O J >~Q9(�N�P�:=F K7:uN);/(�QXY � }-sN?>7::3$�J >�K7:=<?>�(,+�O J >�'s>-�O{> N�:uO{>�'"-/N�>7:�DG< : <?FHD28 J O{FG@	'sD^a3>AN�>AQbOu(�Q/>,3'BE> N?>�DGO DG< Q9(=O <)(=P�>#(=O J > N Q.-sKAFH>�-s<
O J :uOrV�>1:=N�>EN�>AMsF�:=KADHQ98:ZX;9-�O;O J > J @X'/N)(T8�>AQ DGO{<?> F^+|B ;.> DGQ98eN�>AMsF�:uK >'�V DGO J :�'s>-/O�> Nv(�Q4Z J @O'sNv(T8�> QOYG}TF 3$�J >d(�QsFy@ N?>7:=<v(�Q O J :uO�V�>C:=N?> :,;sFH>�OQ(£<�>A>~:¥Q9(=N�P�:=F J @O'sNv(T8�> Q�<�D28�Q�:=F�DHQ O J DH<eP�:uO{>AN�DH:=F�:�O�:=FHFB :u<�O J >�O{:,;sFH>1DGQI\o8,-sN�> ��DGQ9'sDHK :uO{>A< F�DH<6;.> K7:R-s<�>�Q9(=OE>�7�>AN?@ J @X'/N)(T8�>AQ¤DH<�N�>AMsF�:uK >'@3��X(9Z�O J >AN�>�DH<�:V�>7:,U~<�D18=Q�:=F ;:-/O1:�MsNv(�M�>AN)K7:uFHD1;/N{:uO�D1(�QI(,+0O J > <?@[<?O�> P < J (T-sF2'¤<?O�DHFHF':=FGF1(WV�-s<)O)(^N�>7:R'¤O J >eM/N)(=O)(�Q
M/(�F�:=N?D10 :uO{D2(�Q43 $�J DH<�DHQ:'sDHK :uO{>A<�O J :uO|V�>EK7:=Q^:uFH<)(�K(=P�M�:uN�> O J >	's>-�O{> N�:uO{>�'�P�:uO{>AN�D�:uFsOQ(�O J >	(=O J >AN�<�3��D18,-sN�>r��< J (WV <h8�N{:uM J < (R+o'9(�MsDGQ98[7=> N?<)-s<0M/(�F�:uN�D10 :uO{D2(�Q�+>(�N O J > -sN�> : J @O'sN)(T8=> Q :=Q:'TO J > 8�F1-/K(�<?>
J @O'sN)(T8=> QgB O J >�(�Q/FG@ ObVr(^<�:=P�MsFH>A<EO J :uO J :�7=>eP�(=N�>�O J :=Q*(=Qs>�'9(�M/DHQ98�OQ(�MsF2(=O F 3 $�J >C-sN�> :M8�N{:uM J
DHQ�\o8,-sN�>M��< J (WV <e:kV D1'/>�N�:=Q98�>�(,+�P�:�%�DHP�-sP MS(=F�:=N?D107:�O{D1(=Qs<[+>(�NzO J > �T� }�� � � �	��
����� 3 $�J DH<1DG<
:^N�>A<)-sFyO�(,+�:=FHFx(,+�O J >C'sD^a3>AN�>AQbO1>AQ J :=Q/K > P�> Q
O�<"-s<?>'43 $�J (T-98 J DHQ�8=> Qs>AN{:=FDZ�O J >A<�>`> Q J :=QsK >AP�>AQ
O{<
< J (T-sF1'�Q9(=O�':(T:�8�N?>7:uO|'s> :=FsOQ(1K J :=Q:8�>�O J > N�>AP�:=DGQsDHQ:8)Q.-sK FG> DKZ
O J > N?>E:uN�>"B�Q9(uO�<)-sN?MsN�DG<�DHQ:8�FG@:F�<)-:;/O{FG>
DHQ
O�> N{:uKAO{D2(�Qs<0O J :uO�K7:=Q J :�7�>):uQ�>�a�> K�O�31;)Qs>�<)-sK J DHQ
O{>AN{:=K�O{D1(=Q�DG<|;.>AObV�> >AQ�O J >z's>�-/O{>AN)(�Q�:=Q9'M(uO J >AN
Q.-sK FG> DD3 4 J DHFG>�V�>�:uN�>�Q9(=OeDGQ
O{> N?> <nO{>' DHQ£O J >�'s>-/O�> Nv(�Q DGO�<�>AF2+�:u<T:CK7:=Q9'/D1'�:uO�><+>(=N�?EA65�-s<?>�O J >
MsN?> <�>AQsK >z(,+3O J >z's>�-/O{>AN)(�Q�DHQ�:�<�:=P�M/FH> > Q J :=QsK >�'MV DGO J K :=N);/(�QXY ��� K(T-sF2'�FG> Q98=O J > Q`O J >2N�>AF�:�%/:uO�D1(�Q
O{DGP�>[(,+ O J >)K7:=Nv;S(=Q43 $�J :uO DG<�O J >)N�> :=<)(�Qk+>(�N�O J >�'/>-/O�> N{:�O{>' <�:=P�M/FH>):uP�(�Q:8�(T-sN�O{N�DH:=F.P�:uO�> N?D�:=FG<3$�J >�+�:=K�O)O J :uOzDGO)K7:,-s<?> <1:�FG> Q98=O J > Q/>'£N�>AF�:�%/:uO�D1(�QkO�DHP�>e:=FG<)(�DGQ9'sDGK7:uO�> <2O J :uOzDyO{<)MsN?> <?> QsKA>�V (T-sF2'

�



?k:uO�> N?D�:=F £[-sKAFH>�-s< L�(�M/DHQ98 ?k:�%S3 I (�FD3 A�>AF�:�% $ DHP�> $ > P�M�>AN{:uO)-sN�>{�N�>7: B�@O'sN)(,8�> Q � ����� � 3��T� Q9(�Q/> Q9(�Qs>{�N�>7: B�@O'sN)(,8�> Q �T� � � � � 3���� } � � P�DHQ43 � 3 �T�<~{�N�>7: B�@O'sN)(,8�> Q �T� } � � � 3���� � � }eP�DHQ43 � 3 � ��~{�N�>7: B�@O'sN)(,8�> Q �T� ��� ��� 3���� ���/� P�DHQ43 � 3 � ��~
��� 9 {�N�> : B�@O'sN)(,8�> Q �T� } � � �93���� Q9(�Q/> Q9(�Qs>
��� 9 {�N�> : ��� 9 �T� } � �X3���� � � �eP�DHQ43 � 3 ��� ~
L)>�-/O�3�{�N�>7: B�@O'sN)(,8�> Q �T� } � }T}X3���� },� � P�DHQ43 � 3 � ~
L)>�-/O�3�{�N�>7: B�@O'sN)(,8�> Q �T� ��� ���:3���� � } �`P�DHQ43 � 3 � � ~
L)>�-/O�3�{�N�>7: L)>-/O�> Nv(�Q �T� ��� � �X3���� � � P�DGQ43 � 3 � � ~
�zF1-sK�(�<�> B�@O'sN)(,8�> Q � ��� � �O3���� ��� � ��� P�DHQ43 � 3 � � ~
�zF1-sK�(�<�> B�@O'sN)(,8�> Q }R� ��� � �X3���� } � �`P�DHQ43 � 3 � � ~��D28T-sN�>��9�|?k:uO�> N?D�:=FG<�:=Q:' O J > DGN�M.> NnO{DHQ/> Q
O�DHQX+>(�N�P�:uO{D2(�Q43 $�J >zP�:uO{>AN�D�:uFH<�:=N�>�'/DH<�<v(�F27=>'^DGQk8�FG@[K >AN�DGQ

:=Q9'"V;:uO�> N�3
	 $�J >A<�>='9(�M/DHQ98�<�:=N�> � � � �	� + N�>A>�> FG> K�O{N)(=Qs< �uP P 3�	�	 $�J DH<uV;:u<�O J >�P�:�%�DGP�-sP :=K J DG>�7=>'
M/(�F�:=N?D10 :uO{D2(�QM;9-�OEDyO=Vr(,-sF1' FHD2U=>AFG@ J :W7=>t8T(�Qs> J D28 J > N=8=D27�>AQ~P<(�N?>)O{DHP�>,3
<�F2(WV O J >)M/(�F�:uN�D10 :uO{D2(�Q�V J DHK J K�(T-sF1'k;.>zV J @�O J >)M/(�F�:uN�D10 :uO{D2(�Q<(,+ O J > J @O'sNv(T8�> Q DGQ�O J :�O;<{:uP�MsFG>2DG<
<)(TP�-sK J F1(WV�> N�O J :=Q�O J >�(uO J >AN�P�:uO{>AN�D�:uFH<#(,+ O J >)<{:uP�>	'9(�MsDGQ98dB D2+ :�<{:=P�MsFH>�M/(�F�:=N?D10A> <�OQ(O(T<�F2(WV FG@TZ
Ol:RU[DGQ98�P�:=Q
@ J (,-sN�<�Z�DyO DH<�Q9(=O[-sQsK(=P�P<(�Q^O J :�O[V�>TQs>&7�>AN2N�> :=K J DyO{< P�: %/DGP�-sP8M/(�FH:=N�D207:uO�D1(�Q�':-s>
OQ( O�DHP�>)K(�Q/<?O{N�:=DHQ
O�< F&3$�J > <?>[8=N{:=M J <0DHQ9'sDGK7:uO�>�O J :uOqO J > � 3�}z'9(�MsDGQ98�(,+ O J >=-/N�>7:zDG<h(�M/O�DHP�:=F/:uQ9'eO J :�O�:=Q DHQ
O{>AN�P�>'sDH:uO{>'9(�M/DHQ98�(,+ 8�F1-sK�(�<�>1K�(T-sF1' @[DH>AF1' DHP�MsN)(W7=>'CN�> <v-sFGO�<3|5 O2< J (T-sF2'd;�>�Q9(=O�>' O J :uO O J >���P�? <{:uP�MsFG>�(,+8�F2-sK(�<?>�'sD2'¤Q9(=O1:uK J DH>&7�> DGO�<2P�:�%�DHP�-/P M/(�FH:=N�D207:uO�D1(�QI'9-s>TO)(�O J >"+�:=KAO)O J :uO2DGO)DG<)>&%[O�N�> P�> Fy@k<?F1(WV;9-/O DyO=Vr(,-sF1' Q9(=O FGD1Uu> FG@ J :�7�>t8T(=Qs> J D18 J > N�O J :=QE}T�T��3�B[(WV�>�7�>ANZ J D28 J MS(�FH:=N�D207:uO�D1(�Q/<�:=N?>zQ9(=O O J >(�QsFy@�8T(�:=F4(,+�O J DG<�>&%�M.> N�DGP�>AQ
OE<v(�Q:( V V�>tV DHFGF�O)-sN�Q OQ(`N�>AF�:�%/:uO�D1(�Q�O�DHP�> <�3
� � �� ��� �&����� � � ��� +5 O'DH< Q9(=O)(�N�D2(T-s<�Fy@�'sD ��K-sFyO�O)(EK�(�P�M�:=N�>�:=P<(�Q986'sD^a3>AN�>AQbO'N�>AF�:�%/:uO�D1(�QzO�DHP�> <�;.> K7:R-s<�>�>7:=K J DG< Ol:,Uu> Qe:�O
:�'sD^a3>AN�> Q
OqO�> P�M�>AN{:uO)-sN�>R3 $�J >�N?>7:=<v(�QC+>(�N�O J >;N�>AF�:�%/:uO�D1(�Qs<x;�>ADHQ98)O{:,U=>AQ�:uO#'sD^a3>AN�> Q
O0O�> P�M�>AN{:uO)-sN�>A<
DH<�O J :uO`DyOeDG<�'sD2a�K-/FGOeO)(�>�P�:=DGQbO{:=DHQ <?O{:,;sFH>�O�> P�M�>AN{:uO)-sN�>A< DHQf(T-/NeN�>&+ N�D18=> N{:�OQ(�N"( 7=> N`QsD28 J O�3 $�J >
O{>AP�M.> N�:uOQ-/N�>�'sD^a3>AN�> Q/K > < P�:,U=>EO J DG<=NO-s:=Q
O{DGO�@,Z/O J (T-98 J :=Nv8T-�:,;sFy@�P<(�N?>)DHP�MS(=N?Ol:uQbO�O J :uQk-sFGO�DHP�:uO{>
P�:�%�DHP�-sP M/(�F�:=N?D10 :uO{D2(�Q4Z[P�(�N?>�'sD ��K�-sFGO�O)(�:=Q�:=Fy@X0A>,3
4 >[V DHFHFl(�Q/FG@�:=Q�:=Fy@O0 >2O J >)N�>AF�:�%/:uO�D1(�Q�'�:uO{:"+>(�N�O J >2ObV ( J D18 J > <nO='9(�MsDGQ98�< (,+ -sN�> :�;�>AK7:,-/<�>)O J >

ObV ()F1(WV�> Nu(�Qs> <x'9()Q9(uO�< J (WV > Q9(T-:8 J MsNv(�P�DG<�>0OQ([;�>�K(�Q/<�D1'/> N�>�'�;�:=<?>'�(=Q�O J > DHN�F1(WV�M/(�FH:=N�D207:uO�D1(�Qs<�3$�J >zF2( V�> N=':(�MsDHQ:8C(,+ 8�F1-/K(�<?>zDH<�:=FG<)(eDGQ�:,'s>�N.-�:uO{>1:u<J+�:=N�:=<;P�:�%�DHP�-sP MS(�FH:=N�D207:uO�D1(�Q�DH<�K(�QsKA> N?Qs>'
:=Q9'�V DGFHF[Q9(=O�;.>;K(=Qs<�D2's> N?>'43 $�J >	8=N{:=M J DGQ�\o8T-/N�> � < J ( V�N�>AF�:�%/:uO�D1(�Q�O{DHP�> <u+>(�N�O J >J7u:=N�D2(T-s<�Q.-sKAFH>AD
K(=QsK >AN�Qs>�'43
4 >�K7:=Qf;.>8�DGQ�;
@ > %/:=P�DGQsDHQ:8~O J >�8�F1-/K(�<?>M'�:uO{::3 $�J >�DHP�MS(�NnOl:=Q
O�O J DGQ98kO)(¤K(�Q/<�D1'/> NeDG<�O J >

K J :=Q:8�>=(,+.N�>AF�:�%/:uO�D1(�Q�O{DHP�> V DyO J O�> P�M�>AN{:uO)-sN�>R3 $�J >[�uPM? <{:uP�MsFG>�<?> > P�<0OQ(�'/N)(�M�(,a�7�> Nn@eN�:=MsD1'/FG@V DGO J O{>AP�M.> N�:uOQ-/N�>,Z.V J DGK J DH<�Q9(=O�:`8T(O(X'�<�D18=Q43h5y+ O J >)N�>AF�:�%/:uO�D1(�Q`O{DGP�>68�>�O{<�O)(X(�<�P�:=FHF.:=<�O{> P�M.> NGY
:uO)-sN�>�DHQsKAN�> :=<�>A<�O)(�Nv(X(�P O{> P�M.> N{:�OQ-sN?>,Z�O J >AN�>tV DHFGF4;�>�Q9(`O{DGP�>)O)(�M.> NG+>(�N�P O J >�?EA	5�O{> <nOz(=Q~O J >
M�:uO�DH>AQbO3h�o(�N�>&%/:=P�MsFH>RZ=D^+sO J >�N�>AF�:�%/:uO�D1(�Q1O{DGP�>|;�>AK(�P�> <'FH>A<�<�O J > Q � <�> K�(�Q9'`:uO�N)(O(�P O{>AP�M.> N�:uOQ-/N�>,Z

�



0

10

20

30

40

50

60

0.8 0.9 1 1.1 1.2 1.3

Po
la

ri
za

tio
n 

(%
)

Doping (e19 s/mL)

10

20

30

40

50

60

70

4 6 8 10 12 14 16 18 20

Po
la

ri
za

tio
n 

(%
)

Doping (mM)��D28T-sN�>"�X� $�J >"\�N?<?Oz8�N{:=M J DH<	-sN?>7: J @O'sNv(T8�> QgB>;S(uO J > Q J :uQsK >�'¥<{:=P�MsFH>A<2:uQ9'*-sQs>AQ J :=Q/K >'oF&3 $�J >
<�>AK(�Q:'kDH<;O J >t8�F1-/K(�<?> J @O'sNv(T8�> Q@3

�



100

150

200

250

300

350

400

450

500

1.3 1.35 1.4 1.45 1.5 1.55 1.6 1.65 1.7 1.75 1.8 1.85

T
im

e 
(m

in
ut

es
)

Temperature (K)

Urea 1.2e19s/mL
Urea 1.3e19s/mL

D. Urea 1.2e19s/mL
D. Urea 1.3e19s/mL

Glucose 5mM
13C Urea 1.2e19s/mL

��D28T-sN�> � �kA > F�: %s:�O{D1(=Q O{DGP�>A<�7�>AN�<)-/<�O�> P�M�>AN{:uO)-sN�>R3 H FGFr(,+ O J > <�> O{DGP�>A<eN�>&+ > NeO)(¤O J > J @O'sN)(T8=> Q
Q.-sK FG>-s<�>&%�KA> M/O	+>(�N;O J > ��� 9 Q.-sK FG>-s<�3
O J > Q P�(�<nO�(,+�O J > M/(�FH:=N�D207:uO�D1(�QIV DHFHFu;.>C8T(�Qs>�V DyO J DGQ � <?> K�(�Q9' :=Q9'¥O J >AN�>`DH<zQ:(=O)O{DGP�>�OQ( DHP�:,8�>
O J >�M/(�FH:=N�D20 >'^Q.-sKAFH>ADK3$ -/N�QsDGQ98�(T-sNT:uO�O�> Q
O{D2(�Q OQ(¤O J >�N?>8T-sFH:=N`-sN�> :¤<{:=P�MsFH>A<"V�>^K7:=Q�<?> >�O J :uOTO J >A@ :=FHF#+�:=FGF�DGQ O J >
<{:uP�>^FGDHQs>R3 4 J DGFH>MV�>kVr(T-/F1'sQ4� O�>&%�M.> KAO`O J DH< N?> F�:�O{D1(=Qs< J DGM OQ(_;.> FHDHQ/>7:=N�ZhV�> K7:uQ�DGP�:R8�DHQs>�O J :�O(�Q£O J >A<�>�<�P�:=FHF�O{> P�M.> N{:�OQ-sN?>�<?K7:=FG> <�:CFGDHQs> :=N1:=MsM/N)(�%�DHP�:uO{D2(�Q¥DH<zQ9(uO"-/QsN�> :=FHDG<?O{DGK,3 4 >�K :=Q]8=>AO�:
N�> :=<)(=Q�:,;sFG>C-sQ9's>AN�<?O{:=Q9'sDGQ98I(,+�O J >`N�>AF�:�%/:uO�D1(�Q~O{DHP�>eK J :uN{:=K�O{> N?DH<nO{DHKA<�-s<�DGQ98^O J >A<�>�FHDGQs> <�3 $�J >C+�:=K�O
O J :uO�:=FHF (,+2O J > N�>8,-sF�:=NC-/N�>7:£M/(�DHQ
O{<�+�:uFHFJ(�Q�O J >~<�:=P�>^FHDHQ/>^DHQ9'sDGK7:uO�> <eO J :uO<(�Qs> <{:uP�MsFG>^DH< Q9(uO
<�D28�QsD^\�K7:=Q
O�FG@�'/D2a�> N�>AQ
O�O J :=Q`O J >	(=O J > N#V DGO J N?>8
:uN)'s<0OQ(�N�>AF�:�%/:uO�D1(�Q O�DHP�>,3 $�J -/<Z�O J >6;�>A<?O (,+3O J > <?>
ObV (�P�:uO{>AN�DH:=FH<rV DGFHFS;�>zO J > �,� } � � � �	��
����� <{:uP�MsFG>�;�:=<?>'C<)(�FG> FG@M(�QCP�:�%�DGP�-sP MS(�FH:=N�D207:uO�D1(�Q@3$�J >�'s>-�O{> N�:uO{>�'£<{:=P�MsFH>A<Z J ( V�>�7=> N�Z�:=M/M�> :=N2OQ( J :W7=>`F1(�Q98=> N)N?> F�: %s:�O{D1(=Q~O{DGP�>A<2O J :=Q¤O J >eObV (-sQs>AQ J :=Q/K >'C<{:uP�MsFG> <�3 $�J DH<;DG<;Q9(=O;<)-sN?MsN�DG<�DHQ:8�;�>AK7:,-/<�>,Z :u<JV;:=<�P�> Q
O�D1(�Qs>�'k;�>&+>(�N�>RZ�O J >�'s>-�O{> Nv(�Q
O{>AQ9's< OQ(`FH>AQ98=O J > Q O J >1N?> F�: %s:�O{D1(=Q�O{DGP�>�(,+�O J >`(uO J >AN�QO-/K FH>ADK3��DHQs:=FHFy@TZ�O J >~K7:=Nv;S(�QOY ��� N�> FH:�%/:uO{D2(�Q O{DHP�> DH<�O J > J D18 J > <?O�(,+zO J > P :=FGF	;:-/O�DyO�DG<�'/D���K-sFyO�O)(
K(=P�M�:uN�><;�>AK7:,-s<?>^DGO�:=FG<)(E([K K�-sN�<e:uOe:~F1(WV�>AN�O�> P�M�>AN{:uO)-sN�>�O J :uQ O J >�(=O J > N�<�3 H 8T(X(O'_+>(�FHF2( V6-/M
>&%�M.> N?DHP�> Q
O�V (T-sF1'�;�>�OQ(*(T;�Ol:=DGQ P�(=N�>�N�> FH:�%/:uO{D2(�Q O�DHP�> <T:uO�7u:=N?D1(T-s<1O{>AP�M.> N�:uOQ-/N�> <T<)(¤O J :uO�V�>
K7:uQ~>&7=:uF1-�:uO�>�+>-sN?O J > N�O J >1MsN)(�<?M�>AKAO�<	+>(�NJV�:=N?P�DGQ98eO J >1P�:uO{>AN�DH:=FH<�3
�)����- � ��+&������+?�(�<nO�(,+ O J >k's:uOl:¤MsN?> <?> Q
O{>�'�DHQ O J DH<TM�:=M.> N J :=<�;�>A> Q�K(�QsKA> N?Qs>'cV DGO J O J > J @O'sN)(,8�> Q�Q.-sK FG>-s<�3
4 >kP�-s<nO^:=F^V;:7@[<�N?> P�> P�;.> N�O J :uO�O J >¤P�:uDHQ�M9-sN�M/(�<?>*(,+)O J DH<�<?OQ-:'/@�DG<�O)( >�7u:=F2-�:uO�>~P�:uO{>AN�DH:=FH<(=O J > N2O J :=Q J @O'sN)(,8�> Q£O J :�O)K7:uQL;.>�-s<?>'�V DGO J ?EA65E<n@�<nO{>AP�<�3���@~O J >e:=N)8T-/P�>AQbO�<�(,+�>N.-�:uFq<�MsDGQ
O{>AP�M.> N�:uOQ-/N�>zB>V J DGK JTJ :�7�> J > F2'TDGQ�O J >�K :=N);/(�QXY ��� -sN�> :�F&Z J (WV�>&7�> N�ZTV�>�K7:uQe>�7u:=F2-�:uO{> J @O'sN)(,8�> Q :uQ9'

� �



>&%[O�N{:=M/(�F�:�O{>�K7:uN);/(�QXY �7� '�:uOl:X3 H O�F1(WV�> N0M/(�F�:=N?D10 :uO{D2(�Qs<=B V J DHK J DG<hV J :uO�V�>=V DGFHF:;.>�K(=QsK >AN�Qs>�'�V DGO J
DHQzO J >hV;:uN�P�-sM�MsNv(�KA> <�<':=< :=FGF�M/(�F�:=N?D10 :uO{D2(�Q[V DGFHF,'/N)(�Mt(,a N�:=MsD2'sFG@2:=< O{>AP�M.> N�:uOQ-sN?>0N�DG<�> <QF@V�>�K7:uQ"-s<?>
O J >1:=MsMsNv(W%�DGP�:uO�D1(�Q�O J :�O;O J >zK :=N);/(�QXY ��� M/(�F�:uN�D10 :uO{D2(�Q�V DHFHF/;.>�(�Qs> YbN.-�:=NnO{> N=(R+�O J > J @O'sN)(,8�> Q�B (�Q/>N.-�:=NnO{> NEDH< <�DGP�M/FG@�O J >TN�:uO{D2(<(R+ J @X'/N)(T8�>AQ¤P�:,8�Qs>�O{DHK1P<(�P�> Q
O OQ(�K :=N);/(�QXY ��� P�:,8=Qs>AO�DHK1P�(=P�>AQbO F&3H <�+>(=NTO J > N?> F�: %s:�O{D1(=Q O{DGP�>A<ZqO J > J @O'sNv(T8�>AQ�:=Q:'�K :=N);/(�QXY ��� V DGFHFr;.> :=MsM/N)(�%�DHP�:uO{>AFG@£O J >^<�:=P�>
DHQ£O J >�<�:=P�> J (�<nOTP�:uO�> N�DH:=F V DyO J O J >�<{:=P�><'9(�MsDGQ98d;9-/O�DHQL8�> Qs>AN{:=FDZ'K :=N);/(�QXY ��� K7:=Q];�>�<�FGD18 J O{Fy@
F1(=Q98�> N�3J�;:u<�>'�(�Q~O J > <?>T<v-sMsM/(�<�DyO{D1(=Qs<Z9V�>TK :=QE;.>�K�(�Q:\o'/> Q
O2O J :uO	(T-sNE:=Q�:=Fy@[<�DH<6(,+'O J > J @O'sN)(T8=> Q
Q.-sK FG>-s<�K7:uQ�;.>)O{N�:=Qs<v+ >AN�N?>'4Z DHQ DyO{<�> <?<�>AQsK >RZ.O)(`O J >1K7:=Nv;S(=QXY ��� Q.-sKAFH>-/<3��N)(�P O J >C'�:�Ol:�O J :�O�V�> J :�7�>�8
:�O J >AN�>'£O J -s<�+�:=N2DGOzDG<zK FH> :=N2O J :uOzO J > �,� } � � � �	� 
 � ��� -sN�> :
P�:uO{>AN�D�:uF DH<EO J >TP<(�<nO)MsNv(�P�DG<�DGQ9893 $�J >�8=F1-sK�(�<�>T:=MsM.>7:=N?<EOQ( J :�7�>e>&7�> Q£P<(�N�>�M/(=O{>AQbO�D�:=F O J :=Q¤O J >-sN?>7:C+ N)(�P O J DG<='�:uOl:�;9-/O=V�>�Qs> >�'kP<(�N�>�':(�MsDHQ:8�<�:=P�MsFH>A<;OQ(`O{> FGF@+>(�N�KA> N?O{:=DHQ@3$�J >`Qs>&%[O1<nOl:,8�>TDHQ¤O J DH<)> %/M.> N?DHP�> Q
O�V DGFHFu;�>TO)(^Q9(=O�(=QsFG@�8
:uO J > N)P<(�N?>�8�F1-/K(�<?>e<{:=P�MsFG> <�;9-�O
OQ(�:=Q�:uFG@O0 >zP<(�N�>1N?> F�: %s:�O{D1(=Qs<3#5 O�DH<�>A<�<?> Q
O{DH:=F OQ(�-sQ9's>AN�<nOl:=Q9'~O J >1N�>AF�:�%/:uO�D1(�Q�O�DHP�>zN�>A<�M/(�Qs<�>�:=< DGO
K J :=Q:8�> <�V DyO J O�> P�M�>AN{:uO)-sN�>R3t� Nv(�P \o8T-sN?> � V�> K7:=Q¥<?> >eO J :uOzP�:=Q
@~P�DHQ.-/O�> <z:uN�>eF2(�<?Oz( 7=> N�(=QsFG@+ N{:uKAO{D2(�Qs<�(R+�:k's>�8�N�>A>`K > FGK D2-s<3"5�QL(=N)'s>AN�+>(�N2O J DH<zMsNv( 5?> K�OzOQ(k;.>�DGP�M/FH> P�> Q
O�>'¤DGQ*7�D^7T(9Z4V�>`P�-s<nOV�:=N�P O J DH<�P�:uO�> N�DH:=F3Q:(=OE:C+ >&V�+ N�:=KAO�D1(�Qs<=(R+q:C's>�8�N�>A>";9-�OEN�:uO J > N :C+ >�V J -sQ:'sN�>�'E's>�8�N�>A> <35 O�Vr(,-sF1'¥<?> > P O J :uO�(T-sNzM/(�F�:=N?D10 :uO{D2(�Qs<=Vr(,-sF1'_'sNv(�M¤OQ(�O J > N?P�:=F'>N.-sDGFHD1;/N�D1-/P V DyO J O J DH<�UbDGQ9'(,+�O�> P�M�>AN{:uO)-sN�>�DHQsKAN�>7:u<�>�;9-�OeO J :�OeDH<�Q9(=OeO J >�K :=<�>R3 $�J >�N�> :=<)(=Q O J :uOe:kF1(=Q98kN?> F�: %s:�O{D1(=Q O{DGP�>
DH<2N�>N.-sDGN�>�'¥DH<�;.> K :,-s<�>RZ >�7=> Q£O J (T-:8 J DGO2P�:7@I'sN)(=M£O)(�(�QsFy@¤:�P�DGQO-�O{>�(�N2>�7�>AQ :M+ >�V-<�>AK(�Q9'/<�:�O
N)(O(�P O�> P�M�>AN{:uO)-sN�>RZXV�>)K7:=Q�<?O{DGFHF�DGQbO�N)(O'9-sKA>EOQ(�O J >2M�:uO{DG> Q
O�:=Q9'�DGP�:,8=> O J >)P�:uO{>AN�DH:=F�DHQ�O J :uO�O{DGP�>
D2+ O J >)O{>AK J QsD2NO-/>�DG<�P�:=<?O�> N?>'43 $�J DG< J :=<=;.> >AQI':(�Qs>�V DGO J N{:uO�<J-s<?DHQ98`:�'sD^a3>AN�>AQbOJ'9(�M�:=Q
O�� ��� 3 $�J >
MsN?> FHDGP�DGQ�:=Nn@�'s:uOl:�+ N)(=P O J :�O1>&%�M�>AN�DGP�>AQbOtV�:=<�<�DHP�DHFH:=N OQ(d(T-sN?<3 $�J > DGNzK7:=Nv;S(�QOY ��� M/(�F�:=N?D10 :uO{D2(�Qs<V�> N�>�<�FHD28 J O{Fy@ J D18 J > NZ �.}T��ZT;9-�O�O J > DHN'N�>AF�:�%/:uO�D1(�Q1O{DGP�>RZ � � �2P�DGQ.-/O{>A<ZRV�:=<�O{:,U=>AQ`:uO0:�O{> P�M.> N{:�OQ-sN?>(,+ (�QsFG@ � 3 � ~�3 $�J DH< O{DHP�>zDH< K�(�P�Ms:=N{:,;/FH>)OQ(�(T-sN K7:uN);/(�QXY �7� N?> F�: %s:�O{D1(=Q O�DHP�>�;9-/O[(T-sN?<6V�:=<�Ol:,Uu> Q
:uO�: J D18 J > N;O�> P�M�>AN{:uO)-sN�>R3 $�J DH< DH<�M/N)(�P�DH<?DHQ98�+>(=N;O J >�+>-/O)-sN�>t(,+�O J >A<�>�P�:�O{> N?D�:=FG<3

���



� ���T���������	���
� � � ?�(�<?Or(,+ PT@�-/Q9's> N?<?O{:=Q9'sDGQ98�(,+�O J >2D2's>7:u<�MsN?> <�>AQ
O{>' DGQ�O J DH<�M�:=M.> N J :�7�>�;.> >AQ^:TN�>A<)-sFyOr(R+ K(�QOY7�> N?<{:uO�D1(�Q/<|V DyO J (=Qs>[(R+�O J >6+>(�N?> P<(�<?O�>&%�M.> NnO{<�DGQ�O J >	\s> F1'�(,+ L2@[Q�:uP�DGK[£	-sK FG>7:=N I (�F�:=N?D10 :uO{D2(�Q4Z

L�(�Q�:=F2'���3 9�N�:,;9;43
� } � H FHF3>&%�M�>AN�DGP�>AQbO�< M�>ANv+>(�N?P�>�'I-/<�DHQ:8`O J >`{ � H I (�FH:=N�D20 >' $ :=N)8=>AO P :,; >N.-sDHM/P�>AQbO3
� ��� H N)'/> Q9U 5��;NGY P :=N�<?> Q4Z'>AO�3 :uFK3h� 5�QsK N?>7:=<?>�DGQ£<�D18=Q�:=F^Y!OQ(RY Q9(�DG<�>TN�:uO{D2(d(,+�� � ��� �,�T��O{DGP�>A<zDHQ£FHD2NO-/D1'XY

<?Ol:�O{>`£�?EAt3^� I £ H �S3 � �T} �T},�,� � 3 � (=F � �T�:Z/Q9(93 � � Z � � � � � Y � � � � � 3

� }


