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:=�5d %^C+<VL�,V,'#�K`9�U[*TSH*-,'U�&3<'#~iV*���#I(3#�,VCD#~*-,�&3<'#�*T(=&3*-Z�#�1$L�1$&3<'#5&3*-Z�#5.�W�¸^*TU[<J&_.�W�&3<'#
]^L (3&3*-CIKT#�1I�¡½e2RK-L &)#I(~]^KT.�&)&3*-,'U¢&3<V*-16&3*-Z�#0.�W ¸^*TU[<J&51)]�#�CD&)(+%VZ´L U[L�*-,V1)&5&3<'#¢G'9�13*TU[,VL�K
L�Z�]^K-*T&3%Vi'#�%H�e#6�e#I(3#~L a^KT#6&).¡*-i'#�,J&3*TW�2¡#�L�C+<¾&�2F]�#6.�W�]^L (3&3*-CIKT#��

¨ �Âl��-¨ � qH
�qF��x^w 	�|�qF��|���q�� �^� � �����[qF������qFy
�$W�&)#I(�CD.[,8'VU[%'(+*-,'U¾.[%'(\#�KT#�CD&)(3.[,V*-CI1 1).�&3<VL & �e#¢CD.[%VK-iE1)#I#¢&3<'#¶#�,J&3*T(3#¢1)]�#�CD&)(+%VZ .�W
de#I(3#�,'f�.�S~]^%VK-1)#�1�CD.[Z0*-,'U�W�(3.[Z .[%'(�i'#I&)#�CD&).�( %[&)#�1)&31�.�WV&3<'# S L (+*T.[%V1`CD.[,VCD#�,J&)(+L &3*T.[,V1�.�W
d L (3a�.[1)&�2F(+*-K
<�9�7��e#I(3#eCD.[,ViV%VCD&)#�i~L�1�a�#IW�.�(3#�*-,6&3<'#e1).[%'(+CD#�&)#�1)&31I�`Pº#e&3<'#�,~CIL�K-*TaV(+L &)#�i
&3<'#�&3*-Z0*-,'U¶.�We.[%'(5:=�5d 13*TU[,VL�K-161).�&3<VL &6�e#��e.[%VK-i�<VL�S�#¡L�,R*-i'#�L¶.�We&3<'#�(+L�,'U�#�.�W
.[%'(�<V*-1)&).�U�(+L�Z01AL�,Vi0KT.F.�f L &A&3<'#=&3*-Z�#_.�W�¸^*TU[<J&A1)]�#�CD&)(+%VZ�.�W�.[%'(A]^L (3&3*-CIKT#�1I��� &�'V(+1)&<%
&3<'#I(3#$� L�1eL\13*TU[,V*)'^CIL�,J&�L�Z�.[%V,J&�.�Wp,'.[*-1)#�*-,�.[%'(e&3*-Z0*-,'U51)]�#�CD&)(+%VZ@�$<V*-C+<¡CD.[%VK-i¡,'.�&
a�#~#+*H]^K-L�*-,'#�i�%�L�,Vi�&3*-Z�#~� L�161)]�#�,J&�iV*-L U[,'.[13*-,'U¡&3<'#\]V(3.�a^KT#�Z����$W�&)#I(v(3#�iV%VCI*-,'U¡&3<'#
,'.[*-1)#vL�1_Z\%VC+<�L�1 �e#6CD.[%VK-i�%F&3<'#6iVL &3L�<VL�i¶&). a�#�(3#I]^K-L�2�#�i¢�$*T&3<¶,'#I�«1).�W�&�� L (3#5CI%'&31
*-,¾]^K-L�CD# &).¢W�.HCI%V1vZ�.�(3# CD.[K-1)#�KT2h.[,�&3<'# i'#�13*T(3#�i�iVL &3LH�~¿'(3.[Z &3<V*-1$�e# �e#I(3#�L a^KT#\&).
CIL�K-CI%VK-L &)#~&3<'#~#IÀ¡CI*T#�,VCD2��$*T&3<��$<V*-C+<h�e#~�e#I(3#\i'#I&)#�CD&3*-,'U¶a�#I&3L�]^L (3&3*-CIKT#�1<%�L�,Vi¾CD.[Z�#
%']��$*T&3<�1).[Z�#~*-Z�]V(3.�S�#�Z�#�,J&31=W�.�(=.[%'($i'#I&)#�CD&).�(��

¨ �Âl��T� ª\x^ws� �`��x'������
»�^�6ª\qF��qH
�¬^�F|¦­�qJ��qF�����^�hup����
�x^w
d L�K-*TaV(+L &3*T.[,�(+%V,V1A�e#I(3#vZ0L�i'#�.�S�#I(_&3<'# 'V(+1)&�W�#I��iVL�2H1<%'L�i�B3%V1)&3*-,'U5&3<'#viV*-13CD(+*-Z0*-,VL &).�(
&3<'(3#�13<'.[K-iV1<%[&3*-Z0*-,'U5U[L &)#��$*-i'&3<V1AL�,Vi¡&3*-Z0*-,'U5i'#�K-L�2H1I�A��,¡L�,VL�KT.�U 13CD.�]�#$� L�1e%V1)#�i0&).
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1)#I# �e#�L f�13*TU[,VL�K-1�Z�.�(3#�L�CICI%'(+L &)#�KT2�%�a^%'&v*-,�1).[Z�#�CIL�1)#�1v&3<'# 13*TU[,VL�K-1$�e#I(3# &).F.¢WsL�*-,J&
L�,ViEL�iV*TU[*T&3L�K�13CD.�]�#¶1)#I&\&).�*-,8'^,V*T&)#�]�#I(+13*-1)&)#�,VCD#¡� L�1 ,'#I#�i'#�ib&).�U�#I&�L�,EL�i'#�¤F%VL &)#
]^*-CD&3%'(3#���:�(+*TU�U�#I(+*-,'U .[,¢&3<'#6CD.[*-,VCI*-i'#�,VCD#v.�W�G�<vL�,Vi¾G'9R%'�e#v�e.[%VK-i¶U�#I&$L CD.[%V,J&_(+L &)#
.�W`KT#�131e&3<VL�, <v/ (�%V1). &). &)#�1)&_&3<'#vS L (+*T.[%V1 CD.[,VCD#�,J&)(+L &3*T.[,V1 .�W�P���G¡1).[K-%'&3*T.[,�%F�e#61)#I&
&).¢&)(+*TU�U�#I(v&).¾G�<~L�KT.[,'# 0sL�1vL�,J2h]^L (3&3*-CIKT#\]^L�1313*-,'U¡&3<'(3.[%'U[<ºG�<\L�K-1).¶]^L�131)#�1�&3<'(3.[%'U[<
&3<'# de#I(3#�,'f�.�S�CD.[%V,J&)#I(+2+�

¨ �Âl�� � z }=u§ª\��
��[qH
�����x'������
 �eqFyI��y
P�*T&3<¶&3<'#vCD.[*-,VCI*-i'#�,VCD#�%V,V*T&e1)#I& &).¡G�<$.[,VKT2�%F�e#�U�.�&=CD.[%V,J& (+L &)#�1e.�W`1)#IS�#I(+L�K�<F%V,Vi'(3#�i
<'#I(3&-(�L�,Vi»�e#��e#I(3#�L a^KT#¾&).E&)#�1)&¶&3<'#�CD.[,VCD#�,J&)(+L &3*T.[,V1¢�&% <>%�9R%�NR%vk�%�<I�&%v9 �EL�,Vi
<I��� ]V]^Z 0�aF2��e#�*TU[<J&:2�*-, &��e. iVL�2H1I����1�]^*T.[,V1�L�,Vi¡Z\%'.[,V1�.�W <�9 � �h#I�5��Cvi'.~,'.�&AU[*TS�#
de#I(3#�,'f�.�S0(+L�iV*-L &3*T.[,¡*-,�� L &)#I( %H&3<'#6de#I(3#�,'f�.�S0]^%VK-1)#�1�*-,0���5d§�513<'.[%VK-i�a�#$iV%'#$.[,VKT2
&).0.[%'( <�9 � �h#I�5��C5#�KT#�CD&)(3.[,V1I�

�$W�&)#I(¾13%'À¡CI*T#�,J&3KT2»CIL�K-*TaV(+L &3*-,'UE.[%'(h1).�W�&�� L (3#RL�,Vi�<VL (+i'� L (3#º1)#I&)&3*-,'U[1h1). &3<VL &
&3<'#�iV*-1)&)(+*Ta^%'&3*T.[,h.�W_de#I(3#�,'f�.�S�]^%VK-1)#�1 'V&v�$*T&3<V*-,h&3<'#�K-*-Z0*T&31$.�We.[%'(6<V*-1)&).�U�(+L�Z 0s1)#I#
'VU[%'(3# <��N2?% �e#�a�#IU[L�, &)#�1)&3*-,'UR&3<'#�S L (+*T.[%V1�CD.[,VCD#�,J&)(+L &3*T.[,V1¡.�W�&3<'#�P���G 1).[K-%'&3*T.[,
d L (3a�.[1)&�2F(+*-K <�9�7'�

ADC08
RMS     143.8

Underflow       0

Overflow        0

Integral    5477

200 400 600 800 1000
0

10

20

30

40

50

60

70

80

ADC08
RMS     143.8

Underflow       0

Overflow        0

Integral    5477

ADC 8

¿�*TU[%'(3# <��F¹e/�*-1)&).�U�(+L�Z£.�WAde#I(3#�,'f�.�S�?�%VK-1)#5�$(3#�L�1/0s� ]V]^Z®P���G 2

$ ,�&3<V*-1=CIL�1)#�%^�e#\L (3#~CD.[,VCD#I(+,'#�i¾Z0L�*-,VKT2¡�$*T&3<�&3<'#~iV*-1)&)(+*Ta^%'&3*T.[,V1�]�.[13*T&3*T.[,�L�KT.[,'U
&3<'#�*R,�L3*'*-1��$<V*-C+<5*-1�*-,ViV*-CIL &3*TS�#A.�W'&3<'#e,F%VZ~a�#I(p.�W']^<'.�&).F#�KT#�CD&)(3.[,V131�]V(3.HiV%VCD#�i6aF26#�L�C+<
a�#�L�Z±]^L (3&3*-CIKT#�����1�&3<'#\CD.[,VCD#�,J&)(+L &3*T.[,�� L�1v*-,VCD(3#�L�1)#�i�%�&3<'# iV*-1)&)(+*Ta^%'&3*T.[,�13<V*TW�&)#�ih&).
&3<'#6(+*TU[<J&<%V*-,ViV*-CIL &3*-,'U\&3<VL &$Z�.�(3#~K-*TU[<J& � L�1=a�#�*-,'U 13<V*TW�&)#�i¢aF2¶&3<'#~1).[K-%'&3*T.[,���¿'(3.[Z±L

9�N



]^KT.�&e.�W�&3<'#�]^%VK-1)#$]�.[13*T&3*T.[,¡S�#I(+13%V1e&3<'#vP���G¡CD.[,VCD#�,J&)(+L &3*T.[,�0E'VU[%'(3#69 ��2?%'�e#6CIL�,�1)#I#
&3<'#5(3#�K-L &3*TS�#513*TU[,VL�K�*-,VCD(3#�L�1)#6W�(3.[Z®#�L�C+<�*-,VCD(3#�L�1)#5*-,�CD.[,VCD#�,J&)(+L &3*T.[,��

¿�*TU[%'(3#~9 �H¹e?�%VK-1)#v]�.[13*T&3*T.[,¶SH1=P���G¢CD.[,VCD#�,J&)(+L &3*T.[,
Pº#eCIL�,5CIKT#�L (+KT2v1)#I#A&3<VL &�&3<'#A(3#�K-L &3*TS�#A*-,VCD(3#�L�1)#Ai'#�CD(3#�L�1)#�1`13*TU[,V*)'^CIL�,J&3KT2=aF2�<I� ]V]^ZS%

13%'U�U�#�1)&3*-,'U6&3<VL &A&3<'#=1).[K-%'&3*T.[,�*-1�K-L (3U�#�KT2\13L &3%'(+L &)#�i¡L &�&3<V*-1�]�.[*-,J&<%JL�,Vi &3<VL &�L & <D]V]^Z
&3<'#~13*TU[,VL�K�<VL�1=,'#�L (+KT2¶i'.[%'a^KT#�i��

¨ �Âl��-³ ª\x^ws� �`��x'������
»�^� �~­�ª
�$W�&)#I(v&)#�1)&3*-,'U¢&3<'# iV*���#I(3#�,J&$P���G¾CD.[,VCD#�,J&)(+L &3*T.[,V1<%�&3<'#�CD.[*-,VCI*-i'#�,VCD#\%V,V*T&$� L�1�&3<'#�,
1)#I&=&).¢G'9\.[,VKT2¶1).0&3<VL &=�e#5CD.[%VK-ihCIL�K-*TaV(+L &)#6&3<'#5:=�5d��V:=<F%V1 &3<'#~:=�5d§� L�1=1)&3L (3&)#�i
L�,Vi�1)&).�]V]�#�i�aF2�G'9F�®½e2§S L (32H*-,'UE&3<'#Ri'#�K-L�2§.�W~&3<'#EG'9 1)&).�] 13*TU[,VL�K�aF2»fH,'.��$,
L�Z�.[%V,J&31<%��e#�CD.[%VK-iv� L &3C+<5&3<'#�13<V*TW�&�.�WF&3<'#A&3*-Z�#A1)]^*Tf�#�L�,Vi5i'#I&)#I(+Z0*-,'#�&3<'#A&3*-Z�#���C+<VL�,V,'#�K
*-,�&3<'#�:=�5d����$S�#I(+L U[*-,'U¢.�S�#I(\1)#IS�#I(+L�K�i'#�K-L�2�C+<VL�,'U�#�1<%p&3<'# &3*-Z�#�CD.[,JS�#I(+13*T.[,�WsL�CD&).�(
� L�1�W�.[%V,Vi6&).$a�#AL a�.[%'&��H� <I,V1���C+<VL�,V,'#�K ����KT&3<'.[%'U[<6&3<V*-1pi'.F#�13, 	 &pU[*TS�#e%V1p&3<'#�L a^1).[K-%'&)#
&3*-Z�#�1_.�W`&3<'#~13*TU[,VL�K-1<%'*T&=i'.F#�1_U[*TS�#~%V1_&3<'#�*T(=iV*���#I(3#�,VCD#�1I�

¨ �Âl�� � �\��q �\�srbq¾�^� � ws��������u�oAqF����� �`r
¿'(3.[Z¯.[%'( 'V(+1)&$&3*-Z�#~.�W�¸^*TU[<J&�iV*-L U�(+L�Z01A0E'VU[%'(3# 9:<!2?%��e#\CD.[%VK-i�CD#I(3&3L�*-,VKT2�1)#I#\&3<'(3#I#
iV*-1)&3*-,VCD&\]�#�L fH1�CD.�(3(3#�1)]�.[,ViV*-,'U�&).R.[%'(�#�KT#�CD&)(3.[,V1 0sC+<VL�,V,'#�K=Y�� ��2?%_Z\%'.[,V1 0sC+<VL�,V,'#�K
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7JN ��2~L�,Vib]^*T.[,V1M0sC+<VL�,V,'#�K N ����2?%Aa^%'&~&3<'#¡&3<'#I(3#¶� L�1 13*TU[,V*)'^CIL�,J&~,'.[*-1)#¡L (3.[%V,Vib&3<'#
#�KT#�CD&)(3.[,�]�#�L f 0s*-,¢&3<'#5W�.�(+Z¼.�W�#+*H&)(+L�]�#�L fH1_L &$C+<VL�,V,'#�K-1$Y�c�N�L�,Vi¢71<I��2+� :=<'#6CIL�%V1)#
.�W�&3<V*-1_,'.[*-1)#6� L�1=L & 'V(+1)&=%V,'fH,'.��$,��

TDC02
RMS     34.43

Underflow       0

Overflow        0

Integral  2.812e+04
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TDC02
RMS     34.43

Underflow       0

Overflow        0

Integral  2.812e+04

TDC 2

¿�*TU[%'(3#~9:< ¹e��*H&)(3#�Z�#�KT2¢,'.[*-1)2¡&3*-Z�#6.�W�¸^*TU[<J&=1)]�#�CD&)(+%VZ 0�a�#IW�.�(3#51).�W�&�� L (3#\CI%'&31:2

½e2bZ�.�SH*-,'URG�<¡L�KT.[,'U�&3<'#¢<'.�(+*)(I.[,J&3L�KeL3*'*-1\&).�#�*T&3<'#I( 13*-i'#¡.�W=&3<'#¶a�#�L�Z0K-*-,'#�%`*T&
� L�15,'.�&3*-CD#�i�&3<VL &6.[,'#0iV*T(3#�CD&3*T.[,�(3#�iV%VCD#�i�&3<'#0,'.[*-1)#\�$<V*-KT#\&3<'#�.�&3<'#I(5*-,VCD(3#�L�1)#�iº*T&I�
¿'(3.[Z£&3<V*-1_*T&_� L�1$<J2F]�.�&3<'#�13*)(I#�i¢&3<VL &=#�KT#�CD&)(3.[,V1_�e#I(3#5#�,J&)#I(+*-,'U¶G�<5,'.�&_&3<'(3.[%'U[<�&3<'#
13CI*-,J&3*-K-K-L &).�(=*T&31)#�KTW %'a^%'&=&3<'(3.[%'U[<�&3<'#~K-%VCI*T&)#5K-*TU[<J&_U[%V*-i'#5CD.[,V,'#�CD&3*-,'U¡*T&_&).¡&3<'#~? �¾:6�
:�. &)#�1)&_&3<V*-1<%'KT#�L�i¶aV(+*-C3fH1e�e#I(3#v]^K-L�CD#�i�*-,¡W�(3.[,J& .�W`&3<'#6K-*TU[<J&eU[%V*-i'#�.�W�G�<vL�,Vi¢*T& � L�1
(3#�CD#�,J&)#I(3#�i���:=<'#�(3#�13%VKT&3*-,'U5&3*-Z�#�.�W�¸^*TU[<J&e]^KT.�&�� L�1_1)&3*-K-K^¤F%V*T&)#v,'.[*-1)2�%Fa^%'&e&3<'#I(3#v� L�1
L�13K-*TU[<J&~i'(3.�] *-,R&3<'#¢,'.[*-1)#0.[,E&3<'#¡(+*TU[<J&\<VL�,ViE13*-i'#0.�W=&3<'#¡#�KT#�CD&)(3.[,E]�#�L f����$W�&)#I(
Ws%'(3&3<'#I(�1)]�#�CI%VK-L &3*T.[,�%[*T&A� L�1�(3#�L�K-*)(I#�i�&3<VL &�#�KT#�CD&)(3.[,V1�CD.[%VK-i�a�#$L�,Vi0Z�.[1)&eK-*Tf�#�KT2~�e#I(3#
L�K-1).¢#�,J&)#I(+*-,'U¶&3<'#�K-*TU[<J&�U[%V*-i'#\.�W_G'9R%��$<V*-C+<��e.[%VK-i�%V,'W�.�(3&3%V,VL &)#�KT2�a�# &).F.�iV*TÀ¡CI%VKT&
&).0a^KT.HC3f¶�$*T&3<�KT#�L�i�aV(+*-C3fH1I�

!$.��®13*-,VCD#0&3<V*-1~*-1\Lh&3*-Z0*-,'Uh]^KT.�&<%`&3<'#¢,'.[*-1)#0&).�&3<'#¶KT#IW�&~.�W_&3<'#¶#�KT#�CD&)(3.[,b]�#�L f
�e.[%VK-iRa�#0W�(3.[Z 1).[Z�#I&3<V*-,'U�Z�.�SH*-,'U¾W�(3.[Z G�<0&).ºG'9�WsL�1)&)#I( &3<VL�,bL�,b#�KT#�CD&)(3.[, 0s,'.�&
13%']V]�.[1)#�i�&).ha�# ]�.[1313*Ta^KT#32=L�,Vi�&3<'#0,'.[*-1)# &).h&3<'#�(+*TU[<J&v�e.[%VK-i�a�# W�(3.[Z 1).[Z�#I&3<V*-,'U
13KT.��e#I(��

!$.��{13*-,VCD#5&3<'#~]^L (3&3*-CIKT#5a�#�L�Z¯*-1$,'.�&�<V*TU[<VKT2¢CD.[K-K-*-Z0L &)#�i�%V�e# i'.¡,'.�&�#+*H]�#�CD&�L�K-K
]^L (3&3*-CIKT#�1_&).¡&)(+L�S�#�K�&3<'(3.[%'U[<�&3<'#~13CI*-,J&3*-K-K-L &).�(+1_.�W�G�<5L�,Vi�G'9F� � W�#I� ]�.[1313*Ta^KT#�]^L &3<V1
L (3#~13<'.��$,h*-,6'VU[%'(3#59�9F�
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¿�*TU[%'(3#~9�9F¹e?`.[13*Ta^KT#v]^L &3<V1_.�W�.[%'($?`.[13*T&)(3.[,V1I�

?�L &3<��´�$*-K-K=U[*TS�#�&3<'#�#+*H]�#�CD&)#�i�#�KT#�CD&)(3.[,�¸^*TU[<J&¶&3*-Z�#�%$�$<'#I(3#�L�1¶]^L &3<«d±�$*-K-K
CIL�%V1)# G'9 &).¡&)(+*TU�U�#I($#�L (+KT2¢L�1=&3<'#~K-*TU[<J&=<VL�1$13*TU[,V*)'^CIL�,J&3KT2¶KT#�131=iV*-1)&3L�,VCD#5&).0&)(+L�S�#�K�&).
&3<'#0? �¾:6��:=<V*-1vL�CICD.[%V,J&31~W�.�(5.[%'(513%']�#I(+K-%VZ0*-,VL�Kp]^L (3&3*-CIKT#�1I��?�L &3<b½ .[,º&3<'#0.�&3<'#I(
<VL�,ViE�$*-K-K�&)(+*TU�U�#I(0K-L &)# �E��KT&3<'.[%'U[< &3<'#�K-*TU[<J& <VL�1�KT#�131�iV*-1)&3L�,VCD#¶&).º&)(+L�S�#�K5%e&3<V*-1 *-1
.[,VKT2¾S�#I(32º13K-*TU[<J&I�0GH*-,VCD#�&3<'#013*TU[,VL�K�]^%VK-1)# *-1613*TU[,V*)'^CIL�,J&3KT2¾KT#�1316&3<VL�,º&3<VL &6.�We&3<'.[1)#
#�KT#�CD&)(3.[,V1v&3<VL &613CI*-,J&3*-K-K-L &)#�%�*T&��$*-K-K�&3L f�#013K-*TU[<J&3KT2hKT.[,'U�#I(vW�.�(v&3<'#�13*TU[,VL�K�&).�CD(3.[131v&3<'#
iV*-13CD(+*-Z0*-,VL &).�( &3<'(3#�13<'.[K-i¢L�1$13<'.��$,h*-,6'VU[%'(3#~9�YF�

9��



¿�*TU[%'(3#~9�YF¹e:�(+*TU�U�#I(=&3*-Z0*-,'U W�.�(=]^%VK-1)#�1 .�W�iV*���#I(3#�,J&=<V*TU[<J&I�

:=<V*-15�e.[%VK-ibL�CICD.[%V,J& W�.�( .[%'( 13KT.��e#I(\]^L (3&3*-CIKT#�1I��:=<V*-15a�#�<VL�SH*T.[%'(\Z0L�2bL�K-1).�a�#
<VL ]V]�#�,V*-,'U¢*-,�&3<'#¶G�<�13CI*-,J&3*-K-K-L &).�(5L�,ViRK-*TU[<J&vU[%V*-i'#�%�L�15�e#0iV*-iº1)#I#¡1).[Z�#�# ��#�CD&~aF2
a^KT.HC3fH*-,'U5*T&��$*T&3<�&3<'#$KT#�L�i0aV(+*-C3fH1I� $ W�&3<V*-1A*-1�&3<'#$1).[KT#$CIL�%V1)#=.�W�&3<V*-1�,'.[*-1)#�%J&3<'#�,0&3<'#I(3#
*-15L�,R#�L�1)2º� L�2º&).¾#�K-*-Z0*-,VL &)#�*T&I�¢½e2�(3#I]^K-L�CI*-,'U�#�L�C+<E13CI*-,J&3*-K-K-L &).�( G�<0L�,ViEG'9¢�$*T&3<
&��e.¶13CI*-,J&3*-K-K-L &).�(+1_#�L�C+< 0s1).¡&3<VL &=&)(+*TU�U�#I(+*-,'U0�e.[%VK-i�a�#6.[,h&3<'#~CD.[*-,VCI*-i'#�,VCD#5.�W�L�K-K�7R2?%
.�(+*T#�,J&)#�iE13%VC+<E&3<VL &\&3<'#�*T(\K-*TU[<J&~U[%V*-i'#�1~i'.�,'.�&\.�S�#I(+K-L ]"%��e#¶�$*-K-KA,'#IS�#I(\&)(+*TU�U�#I( .[,
L¶]^L (3&3*-CIKT#~]^L�1313*-,'U¡&3<'(3.[%'U[<�L¢K-*TU[<J&$U[%V*-i'#��6:=<V*-1$L ]V]V(3.[L�C+<��$*-K-K�a�# CD.[,V13*-i'#I(3#�i¾W�.�(
Ws%'&3%'(3#v(+%V,V1I�

� &\&3<V*-15]�.[*-,J&<%�&).�KT.F.�fºL &~&3<'#¡&3<'#¶iVL &3L¾W�(3.[Z´&3<'#¡#�KT#�CD&)(3.[,V1~]^L�1313*-,'Uh&3<'(3.[%'U[<
G�< L�,ViRG'9 0s,'.�&v&3<'#�K-*TU[<J&�U[%V*-i'#�1:2=L�,Vi�CD.[,V1)#�¤F%'#�,J&3KT2¾&3<'#�CD#�,J&)#I(6.�W�&3<'#¡de#I(3#�,'f�.�S
CD.[%V,J&)#I( %�&3<'#�iVL &3L�<VL�i�&).¢a�# (3#I]^K-L�2�#�i��$*T&3<�,'#I�{1).�W�&�� L (3#0CI%'&316*-,¾]^K-L�CD#��~��1v&3<'#
13*TU[,VL�KeW�(3.[Z #�KT#�CD&)(3.[,V1 ]^L�1313*-,'U�&3<'(3.[%'U[<E&3<'#hK-*TU[<J&\U[%V*-i'#�1 L (3#h,'.�&3*-CD#�L a^KT2b13Z0L�K-KT#I(
&3<VL�,�&3<'.[1)#=W�(3.[Z@#�KT#�CD&)(3.[,V1�]^L�1313*-,'U6&3<'(3.[%'U[<�&3<'#$13CI*-,J&3*-K-K-L &).�(+1�.�WpG�<=L�,Vi¶G'9R%J�e#$CIL�,
]^K-L�CD#�CI%'&31v(3#�¤F%V*T(+*-,'U0&3<'#¡G�< L�,ViRG'9¶13*TU[,VL�K-1$&).�a�# L a�.�S�#0L¢CD#I(3&3L�*-,�&3<'(3#�13<'.[K-i¾W�.�(
&)(+*TU�U�#I(+*-,'U�&).0.HCICI%'(��

��iViV*-,'U6&3<'#�1)#�CI%'&31�#�K-*-Z0*-,VL &)#�i SH*T(3&3%VL�K-KT2 L�K-KV,'.[*-1)#$L (3.[%V,Vi0&3<'#=#�KT#�CD&)(3.[,¡]�#�L f0L�1
1)#I#�, *-,/'VU[%'(3# 9�7�0s13%']V]�.�(3&3*-,'U=.[%'(�13%V1)]^*-CI*T.[,V1�.�W�*T&31`CIL�%V1)#32+��¿V%'(3&3<'#I(�CI%'&31`�e#I(3#e&3<'#�,
]^K-L�CD#�i L (3.[%V,Vi\&3<'# #�KT#�CD&)(3.[,�]�#�L f5.[, &3<'# &3*-Z�# .�W^¸^*TU[<J&`]^KT.�&�*-,~.�(+i'#I(�&).6CI%'&�.[%'&�&3<'#
Z\%'.[,V1eL�,Vi0]^*T.[,V1�W�(3.[Z .[%'(=de#I(3#�,'f�.�S�&)(+*TU�U�#I(��A��KT&3<'.[%'U[<¡Z\%'.[,V1eL�,Vi0]^*T.[,V1A.�W�&3<V*-1
Z�.[Z�#�,J&3%VZ¯i'.¶,'.�&�]V(3.HiV%VCD# de#I(3#�,'f�.�S¾(+L�iV*-L &3*T.[,¾*-,h� L &)#I( %�&3<'#I2hZ0L�2¾1)&3*-K-KpCD(3#�L &)#
1).[Z�#\,'.[*-1)#\*-,�&3<'#0de#I(3#�,'f�.�ShCD.[%V,J&)#I(613*TU[,VL�K � P�*T&3<�L�K-Kp.�W�&3<'#�1)#\CI%'&31�*-,h]^K-L�CD#�%^�e#
�e#I(3#�&3<'#�,¡L a^KT#$&). KT.F.�f0L &�&3<'#5de#I(3#�,'f�.�S¡13*TU[,VL�K'W�(3.[Z .[,VKT2 &3<'.[1)#�#�KT#�CD&)(3.[,V1�]^L�1313*-,'U
&3<'(3.[%'U[<�&3<'# 13CI*-,J&3*-K-K-L &).�(�]�.�(3&3*T.[,V1$.�W G�< L�,ViºG'9R%pL�,Vi�CD.[,V1)#�¤F%'#�,J&3KT2¾&3<'# CD#�,J&)#I(5.�W

9��



&3<'# de#I(3#�,'f�.�S�CD.[%V,J&)#I(��

300 350 400 450 500 550 600

tdc2cut
Entries  27028
Overflow        0

Integral  2.702e+04

300 350 400 450 500 550 600
0

500

1000

1500

2000

2500

tdc2cut
Entries  27028
Overflow        0

Integral  2.702e+04

TDC2cut

¿�*TU[%'(3#~9�7'¹ d KT#�L�,�&3*-Z�#6.�W`¸^*TU[<J&=1)]�#�CD&)(+%VZ 0sL W�&)#I(�1).�W�&�� L (3#\CI%'&31:2

¨ �Âl��-� ª\qF��qH
�¬^�F|»­�qJ��qF�����^�¶m � �J��qH
�� � �eqFyI��y
P�*T&3<§L CIKT#�L�,§&3*-Z�#¾.�W~¸^*TU[<J&¶1)]�#�CD&)(+%VZ ,'.�� i'#<'^,'#�i�%_�e#ºCD.[%VK-i»U�#I&�LECD.[%V,J&¢.�W
<'.�� Z0L�,J2�#�KT#�CD&)(3.[,V16�e#¡<VL�iºL�,ViRCD.[Z�]^L (3#�&3<V*-1v&).h&3<'#0,F%VZ~a�#I(5i'#I&)#�CD&)#�iRaF2�&3<'#
de#I(3#�,'f�.�ShCD.[%V,J&)#I(��_:=<V*-1 � L�1�i'.[,'#5�$*T&3<hL013Z0L�K-KT#I(vG�<M0 < � N CIZ � < � N CIZH2=CD#�,J&)#I(3#�i
L &�&3<'#_K-*-¤F%V*-i~CD#�K-KH.�W^&3<'#�de#I(3#�,'f�.�S CD.[%V,J&)#I( %JL�,Vi &3<'#�,�L�K-1).v�$*T&3< LvKT.[,'U�#I(eG�<90 < � 7[CIZ
� 7'� ��CIZH2 ]�.[13*T&3*T.[,'#�i�L�KT.[,'U�&3<'#5�$<'.[KT#6KT#�,'U�&3<�.�W�&3<'#5CD#�K-K �

!$.���%VaF2�CD.[Z�]^L (+*-,'U &3<'#~,F%VZ~a�#I(_.�W�<V*T&31_&3<VL &=&3<'#\de#I(3#�,'f�.�S�CD.[%V,J&)#I($]^*-C3fH1=%']
�$*T&3<�&3<'#0,F%VZ~a�#I(v.�We#�KT#�CD&)(3.[,V15*-,�&3<'#�,'#I�$KT2�i'#<'^,'#�i�(3#IU[*T.[,�.�We&3<'#�&3*-Z�# .�W�¸^*TU[<J&
1)]�#�CD&)(+%VZS%F�e#5CIL�,�CIL�K-CI%VK-L &)#v&3<'#v#IÀ¡CI*T#�,VCD2¡�$*T&3<¶�$<V*-C+<¶�e#6L (3#6i'#I&)#�CD&3*-,'U�#�KT#�CD(3.[,V1I�
Pº#¶&3<'#�,b%V1)#�iR&3<V*-15Z�#I&3<'.HiR&3<'#¶CIL�K-CI%VK-L &)#¡&3<'#¡#IÀ¡CI*T#�,VCD2�W�(3.[Z´&��e.�(+%V,V1I� $ ,R&3<'#
'V(+1)&=(+%V,h�e#\%V1)#�ih&3<'#\13Z0L�K-KT#I(6G�<~13CI*-,J&3*-K-K-L &).�(A0 < � N CIZ � < � N CIZH2=CD#�,J&)#I(3#�i�*-,hW�(3.[,J&
.�W &3<'#¡K-*-¤F%V*-i�CD#�K-K�.�W .[%'(~i'#I&)#�CD&).�(��¢/$#I(3#0�e#¶13L���L�,º#IÀ¡CI*T#�,VCD2�.�W=��7'� � �¶� $ ,º&3<'#
1)#�CD.[,Vib(+%V,º�e#¶%V1)#�iR&3<'#¡K-L (3U�#I(0G�<013CI*-,J&3*-K-K-L &).�(H0 < � 7[CIZ � 7'� ��CIZH26�$<V*-C+<RCD.�S�#I(3#�i
13*TU[,V*)'^CIL�,J&3KT2ºZ�.�(3#¶.�W=&3<'#¢K-*-¤F%V*-iºCD#�K-K � $ ,b&3<V*-1~(+%V,R�e#¢13L��®L�,E#IÀ¡CI*T#�,VCD2R.�W=.[,VKT2
��NF� Y �¶��!$.���13*-,VCD#_&3<'#�K-L (3U�#I(e13CI*-,J&3*-K-K-L &).�(�CD.�S�#I(+1eZ�.�(3#$.�W�&3<'#�K-*-¤F%V*-i CD#�K-K5%[�e#$�e.[%VK-i
&3<'#�,¾a�#~&)(+*TU�U�#I(+*-,'U¡.[,¾#�KT#�CD&)(3.[,V1�&3<VL &vL (3#\]^L�1313*-,'U0&3<'(3.[%'U[<�CIKT.[1)#I(v&).¶&3<'#\&).�]ºL�,Vi
13*-i'#�1v.�W &3<'#¡CD#�K-K �¡�v%'#0&).h&3<'#0WsL�CD&5&3<VL &~&3<'#�(3#I¸V#�CD&3*TS�#¶:�2FS�#IfºCD.[L &3*-,'U�*-1v.[,VKT2�.[,
&3<'#013*-i'#�1�.�We&3<'#�CD#�K-K�L�,Viº,'.�&v&3<'#�&).�]"%�L�,J2�K-*TU[<J&6<V*T&)&3*-,'U¶&3<'# &).�]b*-1v,'.�&5K-*Tf�#�KT2h&).
Z0L f�#0*T&5*-,J&).¢&3<'#0? �¾:6����K-1).8%�K-*TU[<J&�#�Z0*T&)&)#�iºWs%'(3&3<'#I(vW�(3.[Z &3<'#0? �¾:{<VL�1vWs%'(3&3<'#I(
&).¶&)(+L�S�#�K�L�,Vih]�.[1313*Ta^KT2¢Z�.�(3#~� L�K-K-1=&).¶(3#I¸V#�CD&�. �R.�W�&).¶U�#I&v&).¡U�#I&v&3<'#I(3#�� $ &$�e.[%VK-i

Y �



&3<'#I(3#IW�.�(3#�a�#�KT#�131vK-*Tf�#�KT2hW�.�(~K-*TU[<J&�W�(3.[Z #�KT#�CD&)(3.[,V16]^L�1313*-,'U¶&3<'(3.[%'U[<�&3<'# &).�]R.�We&3<'#
i'#I&)#�CD&).�(�&).�(3#�L�C+<E&3<'#¶? �¾:�L�,Vib(3#IU[*-1)&)#I( L�1\L�,b#�KT#�CD&)(3.[, CD.[%V,J&I� $ &\*-15]V(3.�]�.[1)#�i
&3<VL &e&3<'#�&).�]¢.�Wp&3<'#vCD#�K-K�a�#�CD.[L &)#�i¢�$*T&3<¡&3<'#v:�2FS�#If0(3#I¸V#�CD&).�(=*-,0Ws%'&3%'(3#$&)#�1)&31 .�Wp&3<'#
� L &)#I(6de#I(3#�,'f�.�S�i'#I&)#�CD&).�(��

¨ �Âl�� � ª\��
��Jws��y�����
�y
:=<'#�CD.[,VCD#�,J&)(+L &3*T.[,§&)#�1)&31¶�$*T&3< &3<'#�<V*TU[< #�,'#I(3U�2¦a�#�L�Z0K-*-,'#�]^L (3&3*-CIKT#�1¡<VL�1¡]V(3.�S�#�,
&).Ra�#hZ\%VC+<¦Z�.�(3#h*-,'W�.�(+Z0L &3*TS�#�&3<VL�, &3<'.[1)#¾i'.[,'#��$*T&3< &3<'#�a�#I&3LR1).[%'(+CD#�1I�¦¿'(3.[Z
&3<'#�1)#¡&)#�1)&31\�e#¢CIL�,E1)#I#¶&3<'#¶13*TU[,VL�K�i'.[%'a^KT#0L W�&)#I(�L�iViV*-,'U�.[,VKT2 <D]V]^Z´.�W_&3<'#¡P���G
d L (3a�.[1)&�2F(+*-K <�9�7'�~Pº#0CIL�,RL�K-1).¢CIKT#�L (+KT2�1)#I# &3<VL &v&3<'#�(3#�K-L &3*TS�#�*-,VCD(3#�L�1)# iV*-Z0*-,V*-13<'#�i
i'(+L�1)&3*-CIL�K-KT2¶L & <I� ]V]^Z£13%'U�U�#�1)&3*-,'U013L &3%'(+L &3*T.[,�.�W�P���G��

�v,�&3<'#=.�&3<'#I(e<VL�,Vi�%[�e#$L (3#$1)&3*-K-K','.�&�1)#I#�*-,'U <I������#IÀ¡CI*T#�,VCD2�%F#IS�#�,¡KT.F.�fH*-,'U6.[,VKT2
L &\a�#I&3L�1~]^L�1313*-,'U�&3<'(3.[%'U[<b&3<'#¡S�#I(32RCD#�,J&)#I( .�W_.[%'( i'#I&)#�CD&).�(���¿'(3.[Z .[%'(~]V(3#ISH*T.[%V1
.�a^1)#I(3S L &3*T.[,V1~.�W_&3<'#¶13*TU[,V*)'^CIL�,J&~*-,VCD(3#�L�1)#¶*-,RK-*TU[<J&~.[%'&)]^%'&~iV%'#¡&).¾&3<'#¢L�iViV*T&3*T.[,º.�W
&3<'#v:�2FS�#If¡(3#I¸V#�CD&).�( %'*T&�� L�1_13%'U�U�#�1)&)#�i¶&3<VL & �e#vL�K-1). CD.�S�#I(=&3<'#�&).�]¢.�Wp.[%'( CD#�K-K^�$*T&3<
(3#I¸V#�CD&).�(��A:=<V*-1A13<'.[%VK-i�*-,VCD(3#�L�1)#=&3<'#$#IÀ¡CI*T#�,VCD201).[Z�#$Z�.�(3#�%Fa^%'&A�e#$�$*-K-KH<VL�S�#�&).\1)#I#
*TW��e#~CIL�,h(3#�L�C+<¾L <I�����¼#IÀ¡CI*T#�,VCD2��

Y:<



� � � � ���	��
 � � � � �~��� � 
e����� ��
e� 
 � � �/�1
3	�
 ��
3��� 
 ����� �

:=<'#_L�%'&).[Z0L &3*T.[,0.�W�.[%'(AiVL &3L6L�CI¤F%V*-13*T&3*T.[,�1)2H1)&)#�Z�a�#IU[*-,V1��$*T&3<\&3<'#=CD(3.[,J&3L ap�A:=<V*-1�*-1
L~W�#�L &3%'(3#va^%V*-KT&�*-,0&). &3<'#v��*-,F%&*0.�]�#I(+L &3*-,'U\1)2H1)&)#�Z��A½e2¶CD(3#�L &3*-,'U L/'^KT#�.�W�L\1)]�#�CI*)'^C
W�.�(+Z0L &	0s1)#I#A'VU[%'(3#\9�NN2_.�W�&)#�,�,VL�Z�#�i 	 CD(3.[,�B).�a 	^�e# CIL�,�13C+<'#�iV%VKT#~CD.[Z0Z0L�,ViV1=&).¶a�#
#+*H#�CI%'&)#�ih�$*T&3<�L�,J2�KT#IS�#�K�.�W�(3#IU[%VK-L (+*T&�2��

¿�*TU[%'(3#~9�NF¹eCD(3.[,�B).�a

�v,VCD#\&3<V*-1 '^KT#\<VL�1$a�#I#�,�CD(3#�L &)#�i 0s%V13*-,'U¶L�,J2h&)#+*H&v#�iV*T&).�(+2=*T&�Z\%V1)&�a�#~]^%'&�*-,J&).
&3<'#~1)2H1)&)#�Z01=CD(3.[,J&3L a¾�$*T&3<¢&3<'#~CD.[Z0Z0L�,Vi�¹

� CD(3.[,J&3L a�CD(3.[,�B).�a
$ W~2�.[%«�e.[%VK-i�K-*Tf�#�&).»C+<VL�,'U�#R&3<'#RCD(3.[,J&3L a"%613*-Z�]^KT2»Z0L f�#R&3<'#RC+<VL�,'U�#�1�&).¦2�.[%'(
CD(3.[,�B).�a6'^KT#10�.�(=CD(3#�L &)#5L ,'#I��.[,'#32eL�,Vi¶(3#�L ]V]^KT20*T&e�$*T&3<¡&3<'#613L�Z�#6CD.[Z0Z0L�,Vi��e�v%'(
CD(3.[,J&3L ab#+*H#�CI%'&)#�1~&��e.�CD.[Z0Z0L�,ViV1<%�.[,'#�&3<VL &~(+%V,V1v&3<'#0iVL &3L�(3#I&)(3#�*TS L�KA13CD(+*T]V&315L�,Vi
.[,�&3<VL &=(+%V,V1 &3<'#~iVL &3L�]V(3.HCD#�1313*-,'U�13CD(+*T]V&31I�

��%'&).�PRL &)#I(+�vL &3L 0E'VU[%'(3#v9�cN2�*-1A&3<'# 'V(+1)&���*-,F%&*�CD.[Z0Z0L�,Vi¡13CD(+*T]V&A&3<VL &e*-1�(+%V,�aF2
&3<'#~CD(3.[,J&3L ap� :=<V*-1_13CD(+*T]V&=CD(3#�L &)#�1v1).[Z�#~1)&)(+*-,'U[1_�$*T&3<¢&3<'#~CI%'(3(3#�,J&$iVL &)#\L�,Vi�]^L�131)#�1
&3<'#�1)#¶1)&)(+*-,'U[15.[,J&).�&��e.�.�&3<'#I(�13CD(+*T]V&316�$<V*-C+<b*T&~CIL�K-K-1I���v,'#¡CIL�K-KT#�i�	 13CD.�]�#IU�#I&I� ]�#I(+K 	
0E'VU[%'(3#~9[k�2_L�,Vi¢.[,'#~CIL�K-KT#�i 	 U�#I&)&)#�Z�]p� ]�#I(+K 	 0E'VU[%'(3#~9��N2+�

¿�*TU[%'(3#~9�cF¹e��%'&).�� L &)#I(+iVL &3L

��%'&).�PRL &)#I(+�vL &3L�L�K-1).5%']�iVL &)#�1�&��e.\K-*-1)&31�aF2 L�iViV*-,'U6&3<'#=,VL�Z�#�1A.�W�&3<'#$,'#I�»iVL &3L
'^KT#�1e#�L�C+<�&3*-Z�#�.[,'#6*-1 CD(3#�L &)#�i��_�v,'#v*-1 CIL�K-KT#�i¢iVL &3��*-1)&I� iVL &�0E'VU[%'(3#69��N2��$<V*-C+<¢*-1e&3<'#
Z0L�1)&)#I(�(3#�CD.�(+i�.�W�L�K-KH&3<'#$iVL &3L9'^KT#�1�#IS�#I(eL�CI¤F%V*T(3#�i���:=<'# .�&3<'#I(e*-1�CIL�K-KT#�i0,'#I�$�vL &I� iVL &
�$<V*-C+<0<VL�1�&3<'#�13L�Z�#$W�.�(+Z0L &<%Fa^%'&�*-1A#�Z~&3*T#�i0#�L�C+<¶&3*-Z�#$&3<'#�iVL &3L~*-1A]V(3.HCD#�131)#�i���:=<V*-1
� L�2¢�e#5fH,'.�� �$<V*-C+<�iVL &3L1'^KT#�1_1)&3*-K-K�,'#I#�i�&).¡a�#v]V(3.HCD#�131)#�i��

GHCD.�]�#IU�#I&I� ]�#I(+K�*-1 &3<'#613CD(+*T]V& &3<VL &=L�CICD#�131)#�1=&3<'#v.[13CI*-K-K-*-13CD.�]�#�1e]^L U�#5L�,Vi¢(3#I&)(3#�*TS�#�1
&3<'#5CI%'(3(3#�,J&=iVL &3L1'^KT#�� $ &=Z\%V1)&_a�#v]^L�131)#�i�.[,'#6]^L (+L�Z�#I&)#I($�$<V*-C+<¢�$*-K-K^a�#6&3<'#5,VL�Z�#
.�W�&3<'#9'^KT#6&).0a�#6CD(3#�L &)#�i��

Y�9



¿�*TU[%'(3#~9[kJ¹e13CD.�]�#IU�#I&I� ]�#I(+K

Y�Y



¿�*TU[%'(3#~9��F¹�iVL &3��*-1)&I� iVL &

��#I&)&)#�Z�]p� ]�#I(+K 0E'VU[%'(3#¶9��N25*-15&3<'#¡13CD(+*T]V&5&3<VL &~(3#I&)(+*T#IS�#�15&3<'#¡&)#�Z�]�#I(+L &3%'(3#¡iVL &3L
W�(3.[Z£.[%'(=]V(3.�a�#�1I� $ &�Z\%V1)&$L�K-1).0a�#6]^L�131)#�i¾L0]^L (+L�Z�#I&)#I(	0�&3<'#\CI%'(3(3#�,J&$iVL &)#32 �$<V*-C+<
�$*-K-K�a�# 1)&).�(3#�iº�$*T&3<�&3<'#�iVL &3LH��:=<V*-1�13CD(+*T]V&61)&).�(3#�1v&3<'#0iVL &)#0L�,Vi�&3*-Z�#�L�KT.[,'U¢�$*T&3<
&3<'#\&)#�Z�]�#I(+L &3%'(3#\Z�#�L�13%'(3#�Z�#�,J&31v*-,¾L�'^KT#\CIL�K-KT#�i 	 &)#�Z�]p� iVL & 	�0E'VU[%'(3# Y ��2+�v:=<V*-1 '^KT#
<'.[K-iV16L�K-K�&3<'#�&)#�Z�]�#I(+L &3%'(3#0iVL &3L¢#IS�#I(~&3L f�#�,��¡:=<'#0,'#I�@iVL &3Lh*-16L�K-1).�]^%'&5*-,�LS'^KT#
CIL�K-KT#�i 	 ,'#I�$:�#�Z�]p� iVL & 	[�$<V*-C+<0L U[L�*-,¶<VL�1A&3<'#$13L�Z�#$W�.�(+Z0L &Aa^%'&�*-1ACIKT#�L (3#�i¡#�L�C+<¡&3*-Z�#
&3<'#~iVL &3L0*-1 ]V(3.HCD#�131)#�i��

¿�*TU[%'(3#~9��F¹AU�#I&)&)#�Z�]p� ]�#I(+K

Y�7



¿�*TU[%'(3#~Y �H¹A&)#�Z�]p� iVL &

�$W�&)#I( ��%'&).�PRL &)#I(+�vL &3L�<VL�1�'^,V*-13<'#�i (+%V,V,V*-,'U8%�&3<'#$CD(3.[,J&3L a¢L�K-1).\CIL�K-K-1�&3<'#�13CD(+*T]V&
	 %']�iVL &)#���K-K 	T��:=<V*-1�*-1AL~��*-,F%&*�CD.[Z0Z0L�,Vi¡13CD(+*T]V&��$<V*-C+<�(+%V,V1�W�.[%'(�.�&3<'#I(e13CD(+*T]V&31��$*T&3<
&3<'#5]V(3.�U�(+L�Z 	 g=�5�v: 	T�

¿�*TU[%'(3#~Y:< ¹�%']�iVL &)#�L�K-K
:=<'# 'V(+1)&`13CI*T]V&�&3<VL &�*-1�#+*H#�CI%'&)#�i�*-1`CIL�K-KT#�i 	 ?A(3.HC � d 	80E'VU[%'(3#�1�Y�9 � Y�YN2+��:=<V*-1pU�.F#�1

&3<'(3.[%'U[<¡&3<'#�#�,J&)(+*T#�1e*-,0&3<'#v,'#I��iVL &3L\L�,Vi¡&)#�Z�]�#I(+L &3%'(3# '^KT#�1<%HCIL�K-CI%VK-L &3*-,'U5&3<'#�]�#�L f
L�Z�]^K-*T&3%Vi'#v.�W`&3<'#~13CD.�]�#~13*TU[,VL�K�L�,Vi�&3<'#~L (3#�L�.�W�&3<'#~13*TU[,VL�K�]^%VK-1)#��A:=<'#5L�KTU�.�(+*T&3<VZ01
&3<VL &6Z0L f�#\&3<'#�1)#�CIL�K-CI%VK-L &3*T.[,V1�CIL�,�a�# 1)#I#�,�*-,h&3<'# 	 ?A(3.HC � d 	�CD.Hi'#��~�v,VCD#\&3<'# iVL &3L
<VL�1va�#I#�,�]V(3.HCD#�131)#�iº*T&6*-1vL�K-K�1)&).�(3#�iº*-,�iVL &3L6'^KT#�1I�~:=<'#�Z0L�1)&)#I(5iVL &3L6'^KT#�*-1vCIL�K-KT#�i
	 L�K-K-�vL &3LH� iVL & 	 0E'VU[%'(3#�Y�7R25L�,Vi <VL�1~&3<'#¢13<'.��$,bW�.�(+Z0L &I�R�v,VCD#¡&3<'#¢iVL &3L�<VL�1\a�#I#�,
]V(3.HCD#�131)#�i¢1).[Z�#6.�&3<'#I(=13CD(+*T]V&31 L (3#v(+%V,¡�$<V*-C+<¶(3#�L�i�*-,¡&3<'#5iVL &3L L�,Vi¢CD(3#�L &)#5S L (+*T.[%V1
]^KT.�&31I�A��,�#+*'L�Z�]^KT#6.�W�L�13CD(+*T]V&_&3<VL &=�$*-K-K�i'.0&3<V*-1_*-1 	 ?�KT.�&3��K-K � d 	 0E'VU[%'(3#~Y�NN2+�

P�*T&3<RL�K-K`.�We&3<V*-16CD.Hi'#�(+%V,V,V*-,'U¢L�%'&).[Z0L &3*-CIL�K-KT2�%p&3<'#�#+*H]�#I(+*-Z�#�,J&6CIL�,ºa�#0Z�.[,V*7,
&).�(3#�ibW�.�(\%V,F%V13%VL�K�a�#�<VL�SH*T.[%'(5aF2R13*-Z�]^KT2�C+<'#�C3fH*-,'U�&3<'#¶i'#�13*T(3#�iº]^KT.�&31~L�1~&3<'#I2RL (3#
%']�iVL &)#�i��

Y�N



¿�*TU[%'(3#~Y�9F¹e?A(3.HC � d 0�]^L (3& <!2

Y�c



¿�*TU[%'(3#~Y�YF¹e?A(3.HC � d 0�]^L (3&+9N2

Y[k



¿�*TU[%'(3#~Y�7'¹eL�K-K-�vL &3LH� iVL &

Y��



¿�*TU[%'(3#5Y�NF¹e?�KT.�&3��K-K � d

� � � � ���	��
 ��� ��� � � � 
 ��
e� 
 � � �/�1
3	�
 ��
3��� 
�� 	V���$�

� 
�� � �8����QR���"����%�Q8� ���5� #
	 
 � � %�� �;� � ��	
:�.¦L�CICD#�131¾L�,Vi�(+%V,§&3<'# � $ �=�6G�iVL &3L¦L�CI¤F%V*-13*T&3*T.[,�1).�W�&�� L (3#RW�(3.[Z�&3<'#º&)#I(+Z0*-,VL�K
Z0*-i'&3*-13�[c0*-,¾&3<'#�i'#I&)#�CD&).�(6WsL�CI*-K-*T&�2¾CIKT#�L�,�(3.F.[ZS%�2�.[%ºZ\%V1)&vKT.�U¢*-,J&).¢&3<'# 1)2H1)&)#�Z 0�.�(
1313<P2eL�1I¹

%V1)#I(+,VL�Z�#�¹AiVL�¤J&
]^L�131)�e.�(+i�¹AiVL�¤ &)#�1)&

¿'(3.[Z±<'#I(3#�%'#�,J&)#I($&3<'#~iV*T(3#�CD&).�(32h��<'.[Z�#���iVL�¤J&���Z0*-i'&3*-13�[c �$*T&3<�¹
� CIi¾Z0*-i'&3*-13�[c

!$.�� 2�.[%¾CIL�,h1)&3L (3&=&3<'#~1).�W�&�� L (3#\%']��$*T&3<�¹
� � ��1)&3L (3& iVL�¤^� 13<

� .[%¾Z\%V1)&=L�K-1).�.�]�#�,h%']hL��e#Ia¾aV(3.��$1)#I(_&).¡&3<'#5L�iVi'(3#�131I¹

Y��



<J&)&)]p¹ ����Z0*-i'&3*-13�[cF¹ � �[�:<��
¿'(3.[Z´<'#I(3# 2�.[%RCIL�,º1)&3L (3&5L�,Viº1)&).�]º(+%V,V1��$*T&3<�&3<'# 	 GF&3L (3& 	pL�,Vi 	 GF&).�] 	�a^%'&)&).[,V16*-,
&3<'#6&).�]hKT#IW�&=CD.�(+,'#I(_.�W`&3<'#6�$*-,Vi'.��5��:�.013<F%'&=i'.��$,¢&3<'#6�=���{1)2H1)&)#�ZS%VCIK-*-C3f¡.[,�&3<'#
	 ?A(3.�U�(+L�Z01 	Va^%'&)&).[,hL�,Vih1)&).�]h#�L�C+<�L ]V]^K-*-CIL &3*T.[,��
!$.�� *-,¦.�(+i'#I(¶&). Z�.[,V*T&).�(¶&3<'#�iVL &3L 0�SH*-Lb<V*-1)&).�U�(+L�Z01¡.�W5#�L�C+<�C+<VL�,V,'#�KE2�L�1¢*T&¶*-1
CD.[Z0*-,'U0*-,�%'1)&3L (3&=&3<'#5SH*T#I�e#I(=�$*T&3<�¹

� � ��:=:�(+*-%VZ�Ws¿�*-KT#�� � $ Z0*-i'&3*-13�[c
�vZ0*T&)&3*-,'U¡&3<'# Z0*-i'&3*-13�[c�.�]V&3*T.[,�*-,¾&3<VL &vCD.[Z0Z0L�,Vi��$*-K-Kp1)&3*-K-K�1)&3L (3&v&3<'#\SH*T#I�e#I( %�a^%'&
2�.[%¾�$*-K-K�,'.�&=a�#~L a^KT#5&).¡SH*T#I� &3<'#~.[,VK-*-,'#6iVL &3L¡L�1�*T&$*-1$CD.[Z0*-,'U¡*-,��e:=<'#~iVL &3L0W�(3.[Z
]V(3#�*T.[%V1=(+%V,V1$CIL�,�a�#5W�.[%V,Vi�*-,h&3<'#\iVL &3LJ�¡iV*T(3#�CD&).�(32���/$#I(3#\2�.[%��$*-K-K�U�#�,'#I(+L�K-KT26'^,Vi
L 	 <V*-1 � � (3.F.�& 	�L�,VibL 	 (+%V, � � (3.F.�& 	�W�.�(\#�L�C+<E(+%R&3<VL &\� L�1~&3L f�#�,���:=<'# � �$*-K-K�a�#¡&3<'#
,F%'a^Z�#I(¶CD.�(3(3#�1)]�.[,ViV*-,'UR&).E&3<'#�]^L (3&3*-CI%VK-L (0(+%V,�� :=<'#�<V*-1�'^KT#�1¡CD.[,J&3*-L�,§.[,VKT2 &3<'#
<V*-1)&).�U�(+L�Z01_.�W`&3<'#~iVL &3L��$<'#I(+L�1 &3<'#5&3<'#6(+%V,6'^KT#�1_CD.[,J&3L�*-,¾L�K-K�.�W�&3<'#5iVL &3L0L�,VihCIL�,
a�#0%V1)#�i�&).h(3#I(+%V,�&3<'#0iVL &3L��$*T&3<º,'#I� 1).�W�&�� L (3#¶CI%'&315*-,�]^K-L�CD#��0��15&3<'#�1)#1'^KT#�15L (3#
� (3.F.�& '^KT#�1<%'Ws%'(3&3<'#I(=L�,VL�KT2H13*-1_L�,Vi¢(3#I(+%V,V,V*-,'U\.�W�iVL &3L¡*-1_i'.[,'#5%V13*-,'U�g=�5�v:6�

� 
ED � �"��
H� � � �N��� � �;� � �
:�.�L�CICD#�131\&3<'# � $ �=�6Gb1).�W�&�� L (3#¢.[,b&3<'# 	 iVL�¤J&)#�1)& 	�&)#�Z0*-,VL�K�*-,º&3<'#�� < <¶CD.[%V,J&3*-,'U
(3.F.[ZS%'2�.[%¾Z\%V1)&=KT.�U¡*-, 0�.�(�1313<P2�L�1I¹

%V1)#I(+,VL�Z�#�¹AiVL�¤J&
]^L�131)�e.�(+i�¹AiVL�¤ &)#�1)&

¿'(3.[Z±<'#I(3#�%'#�,J&)#I($&3<'#~iV*T(3#�CD&).�(32�¹
��<'.[Z�#���iVL�¤J&���,'#�%'&

!$.�� 2�.[%¾CIL�,h1)&3L (3&=&3<'#~1).�W�&�� L (3#~�$*T&3<�¹
� � ��1)&3L (3& iVL�¤^� 13<

� .[%¾Z\%V1)&=L�K-1).�.�]�#�,h%']hL��e#Ia¾aV(3.��$1)#I(_&).¡&3<'#5L�iVi'(3#�131I¹
<J&)&)]p¹ ����iVL�¤J&)#�1)&I¹ � �[�:<��

¿'(3.[Z±<'#I(3#62�.[%¾CIL�,¾CD.[,J&)(3.[K�&3<'#~�=���{1)2H1)&)#�Z£&3<'#~13L�Z�#6� L�2hL�1=i'#�13CD(+*Ta�#�i¢W�.�(=&3<'#
Z0*-i'&3*-13�[c\1)2H1)&)#�Z��
!$.�� &3<'#I(3# � L�1�L�,\.[K-i'#I(�S�#I(+13*T.[,\.�W^g=�5�v:E.[,\&3<V*-1`Z0L�C+<V*-,'# *-,~&3<'#$��%V1)(D��KT.HCIL�K���(3.F.�&
iV*T(3#�CD&).�(32�%Fa^%'&A*-,0.�(+i'#I(�&).~(+%V,�&3<'#�<V*-1)&).�U�(+L�Z@SH*T#I�e#I(�2�.[%¶Z\%V1)&e%V1)#$L~,'#I�»&)#�Z0*-,VL�K
�$*-,Vi'.��®&).E1313<¦*-,J&).RiVL�¤J&��vZ0*-i'&3*-13�[c��$*T&3< &3<'#h]V(3#ISH*T.[%V13KT2bZ�#�,J&3*T.[,'#�i ]^L�131)�e.�(+i��
:=<'#�,¢2�.[%hCIL�,�(+%V,¶&3<'#6SH*T#I�e#I(=W�(3.[Z¼&3<'#513L�Z�#6W�.[K-i'#I(=L�1 a�#IW�.�(3#6&3<V*-1e&3*-Z®%V13*-,'U &3<'#
CD.[Z0Z0L�,Vi�¹

� � ��:=:�(+*-%VZ�Ws¿�*-KT#�� � $ iVL�¤J&)#�1)&
½e2 L�iViV*-,'Uv&3<'#=iVL�¤J&)#�1)&A.�]V&3*T.[, &3<V*-1�&3*-Z�#�%[�e#=�$*-K-KJa�#_L a^KT#_&).~1)#I#_&3<'#=K-*TS�#=iVL &3LvW�(3.[Z
&3<'# � < <5L�¤F%V*-13*T&3*T.[,¢1)2H1)&)#�Z��
$ ,¡.�(+i'#I(e&). L�,VL�K-*)(I#�L�,Vi0(3#I(+%V,0&3<V*-1eiVL &3L&%'*T&e*-1Aa�#�1)&�&). 1)#�,Vi¶*T&�&).\&3<'#�Z0*-i'&3*-13�[c6Z0L3,
C+<V*-,'#�� $ &p<VL�1pL�K-K a�#I#�,5CD.�]^*T#�i6&).=&3<'#AiV*T(3#�CD&).�(325��<'.[Z�#���iVL�¤J&���Z0*-i'&3*-13�[c[��iVL &3LJ��iVL�¤J&)#�1)&I�
$ ,¾&3<V*-1�iV*T(3#�CD&).�(32h2�.[%��$*-K-KpL�K-1).¶a�# L a^KT#~&).6'^,Vi¾g=�5�v:�13CD(+*T]V&31$W�.�(�(3#I(+%V,V,V*-,'U0&3<'#
iVL &3LH�

� 
�� ! �*%��5#� >�� %�� 	 �;� ��� � � ��� ����� � %P� %��  >��� � �#�#� F
GF#IS�#I(+L�K�S�#I(+13*T.[,V1_.�W�(3.F.�&=CIL�,¾*-,¢&3<'#~iV*T(3#�CD&).�(32

��&)(+*-%VZ�WsCI1���&)(+13<VL (3#���.[K-C+<VL�,V1)fV��(3.F.�&

7[�



�v,¶&3<'#vZ0*-i'&3*-13�[c~Z0L�C+<V*-,'#�%HL\]^L &3<¶&).�&3<'#v,'#I�e#�1)& S�#I(+13*T.[, 0sL &_&3<'#v&3*-Z�#32A13<'.[%VK-i¡a�#
13L�S�#�i¾*-, � g=�5�v:�G � G�� $ W`,'.�&<%V&).¡CD(3#�L &)#~.[,'#513*-Z�]^KT20#�,J&)#I(�¹

� #+*H]�.�(3&pg=�5�v:�G � G��5��&)(+*-%VZ�WsCI1���&)(+13<VL (3#���.[K-C+<VL�,V1)fV��(3.F.�&���(3.F.�& S'YF� <I�H� �
< � g$/v�F� �
:=<'#�,¢&).0a�.F.�&$%']hg=�5�v:�#�,J&)#I(�¹

� � g=�5�v:�G � GV��a^*-,���(3.F.�&
:�.0(+%V,�L013CD(+*T]V& �$*T&3<¢(3.F.�&=#�,J&)#I(�¹

� � *h13CD(+*T]V&3!�L�Z�#�� d
:�.¡¤F%V*T& #�,J&)#I(�¹

� � ¤
!$.�� L�13CD(+*T]V&_<VL�1 a�#I#�,�CD(3#�L &)#�ih&).0(3#I(+%V,¢L�,J2¶.�W`&3<'#6]V(3#ISH*T.[%V1_iVL &3L	'^KT#�1I�A:=<V*-1 '^KT#
*-1�CIL�K-KT#�i¡(+%V,�� d�� $ ,¡.[,'#$.�Wp&3<'#�K-*-,'#�1�,'#�L (e&3<'#�&).�]¶.�Wp&3<'#�CD.Hi'#v*-1A�$<'#I(3#$2�.[%¢CIL�,¶1)#I&
�$<V*-C+<�iVL &3L�'^KT#v2�.[%h�$*-K-K�a�#6(3#I(+%V,V*-,'U'��:=<'#�,�&3<'#I(3#~*-1=L0K-L (3U�#51)#�CD&3*T.[,h�$<'#I(3#6#IS�#I(32
<V*-1)&).�U�(+L�Z U�#I&310i'#<'^,'#�i��º!$.��®&3<'#I(3#�*-1\L�,'.�&3<'#I(1'^KT#¶�$<V*-C+<E*-1\CD.[,V,'#�CD&)#�i &).�&3<V*-1
(+%V, '^KT#�%`CIL�K-KT#�ib:�(+*TU�U�#I(�� d�����L�C+<b.�W &3<'#�1)#¶<V*-1)&).�U�(+L�Z01~Z\%V1)&5a�#¡i'#<'^,'#�iº�$*T&3<º&3<'#
13L�Z�#\,VL�Z�#\*-,�a�.�&3<h.�W�&3<'#�1)#/'^KT#�1I� $ �e.[%VK-ih13%'U�U�#�1)&v,'#IS�#I(�(3#�Z�.�SH*-,'U¡L¡<V*-1)&).�U�(+L�Z
W�(3.[Z´&3<'#¢i'#<'^,V*T&3*T.[,V1<%HB3%V1)&~CD(3#�L &)#¢#IS�#I(32R.[,'#¡&3<VL &\2�.[%b#�,Vib%']b&3<V*-,'fH*-,'U�.�W � � .[%
CIL�,�&3<'#�,�%�*-,¾&3<'#\(+%V,�� d '^KT#�%�CD(3#�L &)#0CIL�,JS L�1)#�1v�$*T&3<¾&3<'#\]^KT.�&31�&3<VL &�2�.[%��e.[%VK-i�K-*Tf�#
&).¢iV*-1)]^K-L�2�%�]V(+*-,J&=.�(613L�S�#��6¿'.�(5i'#I&3L�*-K-1$.[,¾&3<'# 1)2H,J&3L3*�.�WAi'#<'^,V*-,'U¡<V*-1)&).�U�(+L�Z01vL�,Vi
CIL�,JS L�1)#�1<%�CD.[,V13%VKT&_&3<'#5g=�5�v:«Z0L�,F%VL�KpL�,Vi�i'.HCI%VZ�#�,J&3L &3*T.[,��

¿�*TU[%'(3#5Y�cF¹�(+%V,�� d

$ &$*-1=&3<'#5&)(+*TU�U�#I(�� d '^KT#6&3<VL &�L�CD&3%VL�K-KT26'^K-K-1 &3<'#~<V*-1)&).�U�(+L�Z01I� $ &$*-1$*-,¢&3<'#\1)#�CD&3*T.[,
.�W�&3<V*-1 '^KT#513<'.��$,¢a�#�KT.��«&3<VL &=�e#~i'#<'^,'#6�$<VL &_&3<'#~<V*-1)&).�U�(+L�Z01_�$*-K-K�a�#9'^K-KT#�i¶�$*T&3<��
:=<V*-1e*-1e�$<'#I(3#�2�.[%�CIL�,�i'#<'^,'#�2�.[%'(=,'#I��1).�W�&�� L (3#5CI%'&31I�A��1 $ L�Z®,'.�&_13%'(3#�.�W��$<VL &
&3<'#e(3#�1)&`.�WV&3<V*-1�&)(+*TU�U�#I(�� d '^KT#eL�CD&3%VL�K-KT2~i'.F#�1<% $ �e.[%VK-i5(3#�CD.[Z0Z�#�,Vi C+<VL�,'U[*-,'UvL�1�K-*T&)&3KT#
L�1$]�.[1313*Ta^KT#5%V,VKT#�131_2�.[%¾fH,'.�� �$<VL &�*T&$*-1I�_��K-1).8%�*TW�2�.[%�Z\%V1)&<% $ �e.[%VK-i�(3#�CD.[Z0Z�#�,Vi

71<



CD.[Z0Z�#�,J&3*-,'U�a^*T&31~.[%'&�*-,V1)&)#�L�ib.�W�i'#�KT#I&3*-,'U¾&3<'#�Z #�,J&3*T(3#�KT2��º:=<'#I(3#¢L (3#�L�K-1).�L�W�#I�
.�&3<'#I(¶� < '^KT#�15&3<VL &\1)#I#�Z &).�a�#¡,'#I#�i'#�ib<'#I(3#�%`a^%'& $ L�Z ,'.�&\13%'(3#0.�W #+*'L�CD&3KT2b<'.��
&3<'#I2�L (3#5CD.[,V,'#�CD&)#�i��

¿�*TU[%'(3#~Y[kJ¹�&)(+*TU�U�#I(�� d

��K-1).8%^L�KT&3<'.[%'U[< $ �e.[%VK-i¢(3#�CD.[Z0Z�#�,VihL ]V]^KT2H*-,'U�1)&)(+*-CD&$CI%'&31_&).¡&3<'#~iVL &3L0L W�&)#I(�*T&
<VL�1�a�#I#�,�(3#�CD.�(+i'#�i�%�2�.[%ºCIL�,ºL�K-1).¢L ]V]^KT2hCI%'&31v&).¢&3<'#�iVL &3L¢L�16*T&v*-1vCD.[Z0*-,'U¢*-,��6:�.
i'.¢&3<V*-1�2�.[%ºZ\%V1)&v#�iV*T&v&3<'#�Z�.HiV%VKT#�1I� *R*R* '^KT#�� $ <VL�S�#�#IS�#�,RKT#�131v%V,Vi'#I(+1)&3L�,ViV*-,'U¡.�W
�$<VL &v&3<V*-1 '^KT# i'.F#�1<%�a^%'&v*`a�#�K-*T#IS�#\&3<'# ]^L (3&��$<'#I(3# &3<'#�CI%'&316L (3#�i'#<'^,'#�i�KT.F.�f�K-*Tf�#
&3<VL &$13<'.��$,h*-,6'VU[%'(3#~Y��F�

7J9



¿�*TU[%'(3#5Y��F¹eZ�.HiV%VKT#�1I� *R*R*

7JY


