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Auto-Correlation  Map: 6764    Source: 3C223.1                  
;

 01’

 00’

 01’

 01’ 00’ 01’

50

50

5< 0=
5> 0?

10
0

10
0

100

100
1@ 0A 0B

15
0 1C 5D 0E

15
0

150

150

150

150

20

0

2
0

0F20
0

20
0

200

200

2G 0H 0I
250

25
0

25
0

250
250

2J 5K 0L 3M 0N 0O

3P 00
30

0

3Q 0R 0S

3T 0U 0V
3W 5X 0Y

35
0

350

4Z 00

40
0

4[ 0\ 0] 450

450

5^ 00

l_mon�pGq<r #<tésUvy�1���6��óé�����/�6|��ô���6���@� ��î"�@��|:��������ï\�������������ïw|��&����|k��î
_@��� �`_�� ¦ ø��ü�6zç�6z�|����@�;������|��ò�6|�î½|��6|�����|1����}Ñ�x{z�|e���������ò������î��6z�|;�ö�6�@�/�§óé�����/�6|������6���@�I���_�`a�óé��|��U�6|��6|L� ��6z����+���������L���6�����£�%}��@���U�6�����1�/z��üîÙ���6z����+z����Ñ�6�£��|=�����/�6|����6|L���|�î½���6|ò�������§�/�6���ö�6�ô���ç�6z�|~ÿ�����������}��£x{z�|e�/�cb�|ò��î=�6z�|e�6|öó�\���ü�6|L�õ�/z��üî��a���¡|��§�6�������6|L�õî��6�@����ð_�����/�/�����Æÿ����6�?�6z�|���6�@�/�§óé�����/�6|��ô���6���@�Üî½�������6�������
ò æ®ð;Ø\Q^]
`¯�®Ä�¶E�Eµí]CJ�bwI=BWOqBWPv¶E����Ûc;EUv³�]nFGD�]n²d^VBED7P�I=[q]CJQ¸
JA]nMGD�]CJ�JQIVI=D!MGD�@Cè�ef>RMG[ PRZ�I���>A]CFGZpPQI=JQP�º&BW>RPRJ,MEe
PRZ�I�D�ME>RPRZ:¸êbwI=JQPQIV>AD�@nME�»I�BED�H�]CD!JQMG[�I�BW>AI=BEJ�MEe
PRZ�Ih^6MGD�D�I=^6PQI=HØPRBE]C@ U � Z�I�PQMEPRBE@N]CD7PQI=D�JR]nP è
[qBWº
JAZ�MkbcD ]CD´g©]nF�Uq¶iU�¶�Z�BEJ
��IVI=D´ME��PRBE]mD�I=H´e.>RMG[
�V��^6MktEIV>4BWFEI=JVU � Z�I laY ³�D�MG]CJQI(ME��PRBE]mD�I=H ]mJ
µiU�±í[\éGè !2�»I=BE[�U � Z�Iaº»MG@CBW>A]n;VI=Hq]mDpPQI=D�JA]nP¹è�]C[qBWFEI
I6¼�Z�]n�&]nPRJ®D�M~JR]nFGD�]n²&^VBEDpP�JA]nFGD�BE@îBW�»M2tEI�PRZ�I�D�MG]CJRI
SÐ��[\éEè;!2�»I=BE[�XwBED�H�]CJÙD�MEPcJRZ�M2bcD�U
Øiðk,\Q
� Z�I�²dD�BE@Ñ[qBWº(MEe¯¶GÄÙ±E� ]CJ�JRZ�MkbcD�]CD!g©]nF�Uî¶iUÀ��U
³:IVtEI=Dà]CD�H�]Cti]CHd<�BE@L^6MktEIV>4BWFEI=JzZ�BktEI�^6MGD7PQ>A]n�d<�PQI=H
PQM�PRZ�Ih²&D�BE@ÙPQMEPRBE@N]CDpPQI=DdJR]nP¹è�BED�H�º»MG@CBW>A]n;VI=H(]mD:¸
PQI=DdJR]nP¹è
]C[qBWFEI=JVU � Z�I�D�MG]CJQI�@nIVtEI=@CJ,>AI=BE^AZ�I=H�BW>RI
Ã�[�éEè;!2��I=BE[ BED�H ��[\éEè;!2�»I=BE[ ^6ME>R>RI=JRº�MGDdH:¸
]mD�FG@nèEU uvMEPRZ!ºd>A]C[qBW>RèÝ@nME�»I=J�BW>RI�^V@nI=BW>A@nèÝt:]CJR]C�d@nI
BWP\¶E����Ûc;EU � Z�I�JRMG<�PRZ�IV>AD�@nME�»I�BE@CJQMÝI6¼�Z�]n�&]nPRJ
JA]nFGD�JíMEecPRZ�I�JQI=^6MGD�H�BW>Aè�@nME�»I\I6¼:PQI=D�H�]mD�FzPQM PRZ�I
bwI=JQPVU � Z�Iù^6ME>R>AI=JQº»MGD�H�]CD�F�JQI=^6MGDdH�BW>Rè�I=BEJQPQIV>AD
@CME��I�>RI=[qBE]CD�JN<�D�H�IVPQI=^6PQI=H�UcÏÐD��»MEPRZz>ABEH�]nM�@nME�»I=J
PRZ�I�º�>RM�]QI=^6PQI=H�[qBWFGD�IVPR]C^�²�I=@CH�]mJ�ME>A]nI=D7PQI=H�]CD�B



Æ�ß ð_^a`cb�ó©ôed Ø õ+hÐò?æxSÎô;Û§iahRõ�^/.�`abebehrò æ ñ��ÖÚÜÛêõ�^a`cbvôei d¡`aiahVñgæX`�S1`cÚchÐôwõ
³iMG<�>4^6I g©]nF�U ÄwMGDpPQMG<�>¡O�IVtEI=@CJ n [\éEè;!2�»I=BE[ s
�7Ä¯�=�iUú�G¶ ¶iU��WB �=Ãi���E±

¶iU��½� �i��¶i�À�
`¯�®ÄÙ¶E�Eµ ¶iU�¶WB �W�:���EÃ
¶GÄÙ±E� ¶iUÀ�GB �½����¶½���À�pÃi��µEÃi���Eµi�C�=¶Eµ

¶iUÀ�E� ¶i�À����±i��µi�Þ¿
¶GÄL�E�E¶iUC� ¶iU�±WB �=�i�C�k¿7���½����¶½���À�pÃ

¶iU�±½� �WU��i���i��¶i�À����±
¶GÄL¶:�=± �+� B �=�i�C�k¿7���½����¶½���� � �WU�µi���iU��i���iU�Ãi��¶iU�µ
¶GÄL¶G¿W�iUC� �+� B �=±i���:�W��¶W�:�À�p�i��µW�
¶GÄÑ�G�G¶ ¶iU�ÃWB �=±i���:�W��¶W�:�À�p±i��µW�:��Ã½���m�=�E�:�C�2¿½�

¶iU�Ã½� ¶i�À����±i��µi��Ãi�C�V�
d�egfih�r #Gtéswv �Å�@�U�6�@���£��|�ï@|����£��î��6z�|j_ �çðlklb_����}����

H�]n>RI=^6PR]nMGD�º»IV>Rº»I=D�Hd]C^V<�@CBW>�PQM\PRZ�Iò]ÐIVPVU � Z�I�º»MG@CBW>Q¸
]n;VI=Hh]CD7PQI=D�JR]CP¹è�]C[qBWFEI�JRZ�MkbcJÙº»MG@CBW>4]n;VI=H�I=[q]CJAJR]nMGD
ME>A]nFG]CD�BWPR]mD�F�]CDÝ�»MEPRZÝ>ABEHd]nM�@nME�»I=JV�Î�&<�P®D�M�I=[q]mJÐ¸
JR]nMGDÝef>RMG[ÜPRZ�IqJRI=^6MGD�H�BW>RèÝ@nME�»I=J¯^VBEDù�»I�PQ>ABE^6I=H�U� Z�I¯ef>ABE^6PR]nMGD�BE@�º»MG@CBW>4]n;=BWPR]nMGD�]CJL@CMkb®��ba]nPRZ�[qB½¼�] ¸
[í<�[)t½BE@C<�I=JÙMEe�¿7U�±���]CD�PRZ�I®D�ME>RPRZ�IV>AD�@nME�»IEU
Ø�h�Q�Q�ØÑ×¤f
� PQMEPRBE@îMEev����PQMEPRBE@v]CD7PQI=D�JR]nP èzBED�H��E��º�MG@mBW>A]n;=B½¸
PR]nMGDà^6MktEIV>4BWFEI=J~ZdB=tEI��»IVI=Dà^6MG[í�d]CD�I=H�PQM�è:]nI=@CH
PRZ�I�²dD�BE@�[qBWº&J�MEeÑ¶GÄÙ�E�E¶iUC�\JRZ�MkbaDÝ]CDÝg©]nF�Uq¶iU�±iU� Z�IÑD�MG]CJQIw@nIVtEI=@i>RI=BE^AZ�I=H�]mJ�¶iU�±N[\éGè !2�»I=BE[ ]CDíPQMW¸
PRBE@îBED�H��:UÀ�z[\éGè !2�»I=BE[ ]CDùº�MG@mBW>A]n;VI=HÝ]CD7PQI=D�JR]nP èEU� Z�IaJRI=^6MGD�H�BW>Rè\@CME��I=JvBW>RI�^V@nI=BW>A@nè�t:]CJR]n�&@nIw_�[qMGJQP
º�>RMG[q]CD�I=DpPR@nè�PRZ�I�bwI=JQPQIV>ADhMGD�IEUÑ�«MG@mBW>A]n;VI=H�I=[q]mJÐ¸
JR]nMGD�]mJ\H�IVPQI=^6PQI=H"ef>RMG[ �»MEPRZ�º�>A]C[qBW>Aè
@nME�»I=J�BEJ
bvI=@C@dBEJ�ef>RMG[�PRZ�ILbwI=JQPQIV>AD�JQI=^6MGD�H�BW>Aè�>4BEH�]nM®@nME�»IEUY B½¼�]C[�<�[¡tWBE@C<�I=JÎMEe j �V�m�¡e.>4BE^6PR]nMGD�BE@7º�MG@mBW>A]n;=B½¸
PR]nMGDqBW>RIcH�IVPQI=^6PQI=H\^6MG]CD�^V]mH�I=DpP�ba]nPRZ,PRZ�ILD�ME>RPRZ�IV>AD
Z�MEPRJQº»MEPVU
Øið;ØÑf/,
� Z�Ià²dDdBE@�[qBWºdJ�MEeù¶GÄÙ¶:�=± BW>RI¡H�]mJQºd@CBkèEI=H ]CD
g�]CF�U ��� U � Z�I laY ³\D�MG]CJQIaBE^4Z�]nIVtEI=H�]CD\PQMEPRBE@�BEDdH
º�MG@mBW>A]n;VI=H!]CD7PQI=D�JR]nP è�]CJ,��U�¶Ý[�éEè;!2��I=BE[ BEDdH��:U�±
[\éEè;!2�»I=BE[ >RI=JQº»I=^6PR]ntEI=@nèEU � Z�IzPQMEPRBE@�]CDpPQI=DdJR]nP¹è
]C[qBWFEI ]CJ\B�^6MG[��d]mD�BWPR]nMGD(MEe��E±�^6M2tEIV>ABWFEI=JV�NPRZ�I
º�MG@mBW>A]n;VI=H�]CDpPQI=DdJR]nP¹è�]C[qBWFEI¯^6MGD�JR]CJRPRJvMEe©¶E±,^6MktEIV>Q¸
BWFEI=JVU � Z�Iv^6ME>AIvMEed¶GÄÙ¶:�=±N]CJÎPRZ�Iî�d>A]nFGZ7PQI=JQP«JQMG<�>A^6I
e.I=BWPR<�>AI\BWP�¶E�~��Ûc;EU�Á�D�@nèzPRZ�Iq��>4]nFGZpPQI=JRP®OiD�MEPRJ
MEewPRZ�I\@nME�»I=J®BW>RIqt:]CJR]C�d@nI,BW��M2tEI\PRZ�I�D�MG]CJQIEU � Z�I

^6ME>RI�BEJLbwI=@C@�BEJa[�MGJQPcº&BW>RPRJLMEe©PRZ�I�@CME��I=JcH�M\D�MEP
I6¼�Z�]n�d]CP®JR]nFGD�]n²&^VBEDpP®º»MG@CBW>4]n;=BWPR]nMGD�U�ÛaMkbwIVtEIV>�º�MW¸
@CBW>4]n;VI=H�I=[q]CJAJR]nMGD�]CJqH�IVPQI=^6PQI=HØef>RMG[ PRZ�I�PR]nºdJqMEe
PRZ�Ia>ABEH�]nMí@nME�»I=Jî@nM:^VBWPQI=H�D�ME>RPRZ�BEDdH\JQMG<�PRZ�MEe�PRZ�I
^6ME>RIEU©ÏÐD,PRZ�I=JQILBW>RI=BEJ�PRZ�IÑe.>ABE^6PR]CMGD�BE@:º»MG@CBW>A]n;=BWPR]nMGD
ºdBW>APR@nè\I6¼�^6IVI=H�Ja�W�m��U
Øið;Ø;�i�-×¤f
`aM JR]CFGD�]n²d^VBED7P�º»MG@CBW>A]n;VI=HÂI=[q]CJRJR]CMGD bwBEJ´H�I6¸
PQI=^6PQI=H�ef>RMG[ ¶GÄÙ¶G¿W�iUC�ØBW�»MktEI�B�D�MG]CJRI!@CIVtEI=@,MEe
�:UÞ¿Ø[\éGè !2�»I=BE[�U g�]CFG<�>RI �+� H�]CJQº&@CB=è:J�PRZ�I
PQMW¸
PRBE@«]CDpPQI=DdJR]nP¹è�[qBWºzbcZ�]C^4Z�Z�BEJL�»IVI=D�^6MGD�JRPQ>A<�^6PQI=H
ef>RMG[)�W��]CD�Hd]nti]mH�<�BE@�^6M2tEIV>ABWFEI=JVU � Z�I laY ³�D�MG]CJQI
@nIVtEI=@d>RI=BE^AZ�I=H�]mJv±iU�±í[\éEè;!2�»I=BE[�U©ÏrD\PQMEPRBE@�]mDpPQI=D:¸
JR]CP¹è,PRZ�INº�>A]C[qBW>Aè�@nME�»I=J�BW>AIat:]CJR]n�&@nIÑ�d<�PîD�MíI=[q]CJÐ¸
JR]CMGD�e.>RMG[)PRZ�I�JQI=^6MGD�HdBW>Rè�@CME��I=JÙ^VBEDh�»I¯PQ>ABE^6I=H�U
Øið W Y�Ø
� Z�I¾²dD�BE@�[qBWº&J�MEeù¶GÄw�G�G¶�BW>RI�H�]CJQºd@mB=èEI=H)]CD
g©]nF�U:¶iU�ÃiU � Z�ILPQMEPRBE@»]CD7PQI=D�JR]nP è�]C[qBWFEIa]mJ�B�^6MG[í�d] ¸
D�BWPR]CMGD\MEe©¶E�íJA]CD�FG@nIc^6M2tEIV>ABWFEI=JcBEDdH�ZdBEJwBED lNY ³
D�MG]mJQIíMEeÑ¶iU�±�[\éEè;!2�»I=BE[�U � Z�Iíº»MG@CBW>A]C;VI=H~]mDpPQI=D:¸
JR]CP¹èz[\BWºùZ�BEJ��»IVI=DÝ^6MG[��d]mD�I=H~MG<�P¯MEeî�p±�^6M2tEIV>Q¸
BWFEI=J,BED�H
Z�BEJ,BzD�MG]CJQI�@CIVtEI=@îMEec�:U�µ~[\éGè !2�»I=BE[�U� Z�IqJQI=^6MGD�H�BW>Rè @nME�»I=J®^VBED���Iq^V@CI=BW>A@nèhPQ>4BE^6I=H�]CD
PQMEPRBE@íBEJ�bvI=@m@¯BEJ�]CD�º»MG@CBW>A]n;VI=H�]CD7PQI=D�JR]CP¹èEU � Z�I
ef>ABE^6PR]nMGD�BE@íº»MG@CBW>A]n;=BWPR]CMGD¡]CJzZ�]nFGZ ST<�º�PQM¾�W�m�qX4U� Z�IhZ�]nFGZ�I=JRPqH�IVFE>RIVI=J�MEe¯º�MG@mBW>A]n;=BWPR]nMGD�BW>RI~JQIVI=D
PQM2bwBW>AHdJ�PRZ�I�efBW>,I=D�HdJ,MEecPRZ�I�JQI=^6MGD�HdBW>Rè�@nME�»I=JVU� Z�I�º�>AM�]ÐI=^6PQI=H�[\BWFGD�IVPR]C^!²�I=@CH�PQ>ABE^6I=J�PRZ�I¬]ÐIVP
bc]CPRZ�]CD�PRZ�Izº�>A]C[\BW>Rè�@nME�»I=JVUàÏÐD�PRZ�I~JQI=^6MGD�H�BW>Aè



ØÑ×aQ ó~Þ�á�Ø\Q¬æX^54�6ãßUà%Ý Æ 

@nME�»I=JÙPRZ�I®²dI=@CH�PQI=D�H�JÙPQM\e.MG@C@CMkbàPRZ�IíH�]n>RI=^6PR]nMGD�MEe
PQ>ABED�JR]CPR]nMGDhef>RMG[ìPRZ�I,º�>A]m[qBW>Rè�PQM�PRZ�I�JQI=^6MGD�H�BW>Rè
@nME�»I=JVU

4C12.03    9 mm   Total Intensity                               
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4C12.03  9 mm  Linear Polarization                              

 12O 26’  00"

 12O 27’  00"

 12O 28’  00"

 12O 29’  00"

 00h   07m   10s  m 00h   07m   15s  m 00h   07m   20s  m

2

2

3
r 4

l_mon=pGq<r #<tÙë�vts ��}�����î ª � ¦ �\� uv_����w_ �~ðlklb@��x{z�|%������ó�6�����e��|�ïw|����e���6|ç���ôï@|��?���?x������x_\� ¦ � x{z�|ç����}Q�ô�L�w�@���e����ô��|��\�6���L�����6�çþ������w_\� ¦ �

NGC326    9 mm   Total Intensity                                
y

 26O 35’  00"

 26O 36’  00"

 26O 37’  00"

 00h  
z
 55m  {  35s  | 00h  

z
 55m  {  40s  | 00h  

z
 55m  {  45s  |

20

20

202 0
2} 8~

28

l_mon�pGq<r #<t$#�vts ��}¡��îÑñ~ð~��_ �`�����w_ ��ðlklb@�=x{z�|����@��ó�6�@������|�ï@|����ò���6|ç�@��ïw|��ý�ô�?x����Ñ�x_�� ¦ �cx{z�|ç����}I�ô���U�@�����������|��U�6���L���-�6�çþ�������_�� ¦ �



Æ æ ð_^a`cb�ó©ôed Ø õ+hÐò?æxSÎô;Û§iahRõ�^/.�`abebehrò æ ñ��ÖÚÜÛêõ�^a`cbvôei d¡`aiahVñgæX`�S1`cÚchÐôwõ

3C52    9 mm   Total Intensity                                  
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3C52  9 mm  Linear Polarization                                 
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3C223.1    9 mm   Total Intensity                               
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3C223.1  9 mm  Linear Polarization                              
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3C315    9 mm   Total Intensity                                 
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3C315  9 mm  Linear Polarization                                
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3C379.1    9 mm   Total Intensity                               
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3C403    9 mm   Total Intensity                                 
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3C403  9 mm  Linear Polarization                                
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4C12.03      2.8cm        TOTAL INTENSITY                       
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4C12.03      2.8cm         POLARIZED INTENSITY                  
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3C136.1      2.8cm        TOTAL INTENSITY                       
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B2 0828+32  2.8cm  POLARIZED INTENSITY                          
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3C223.1      2.8cm        TOTAL INTENSITY                       
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3C223.1      2.8cm         POLARIZED INTENSITY                  
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3C315      2.8cm        TOTAL INTENSITY                         
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3C315      2.8cm         POLARIZED INTENSITY                    
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3C379.1      2.8cm        TOTAL INTENSITY                       
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3C379.1      2.8cm         POLARIZED INTENSITY                  
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3C403      2.8cm        TOTAL INTENSITY                         
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3C403      2.8cm         POLARIZED INTENSITY                    
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KMLONJP'QSRUTWVYX[Z]\_^a`UV0bc\edYd Ü ^afJXhgUd0iefJjk\_l[lamcV0Xonp^afrq
sMt fJbcu Ü QwvxmyfzZ{\_|}X~X�myg��xb�V0b��.V�`yQ�T'Q0N ç mc\�ief
� f�fJb�urgUZ � V0byfJj�n9^agUZw��urg�ief�^�\_`efJX�V0b�lhgela\edM|Fg���f�^
ù�� Ý���� PzZ{� Üc� � fJ\eZ n \ebcj7K�urg�ief�^�\_`efJX{VYbA|Fg_q
d0\_^�V���fJjzV0bMlhfJbcXaV�l Ü ù�� Ý�� R�Q�T3Z{� Üc� � fJ\eZ n Q � V0Z�q
V0d0\_^�lhg��xmc\_l���\eX�\ed0^afJ\ej Ü Xhf�fJb�\_l�TeP��O ¡�]\ebcj
N�R�Q¢K&�£�O ¡�¤lamcf � t d0¥3gen¦lamyf§|FgUd0\_^¨V���fJj£fJZ]VYXaXaV�gUb
ge^�V�`UV0b}\_lhfJX©V0b�lamyfHbcge^alamyf�^�b�^�\ejcV�g�d�g � feQ©v�myf¦|c^ag_q
ª«fJurlhfJj{Z]\_`Ubyf�laV0u�¬cfJdYj¤VYX\edYV�`UbyfJj¤�xV�lam¤lamyf®Z]\�ªhge^
Xhg t ^�urf§\$¯�V0XJQ

µ ñ � m I�°
� V±¯ urg�ief�^�\_`efJX V0b lhgela\ed²VYb&lhfJbcX�V�l´³ ù��¡µ ���
T¶Z{�U³ � � fJ\eZ n \ebcjW�¶urg�ief�^�\_`efJX7V0b·|FgUd0\_^�V���fJj
V0bMlhfJbcXaV�l¸³º¹ ��µ �F� R�Q�»WZ{�U³ � � fJ\eZ n mc\JiefwurgUb�q
lh^�V � t lhfJj¶lhg¼lamyf½Z]\_|}X�gen¿¾���L£TePeÀ¼Xamyg��¡b=V0b
�.V�`yQ�T'Q0NJÁ'Q=v�mcfÂXhg t ^�urfÃV0X t by^�fJXhgUd�iefJjÄV0bÄlhgela\ed
V0bMlhfJbcXaV�l¸³~\ebcjÅXad0V0`Um&lad�³¿^�fJXhgUd�iefJj�V0b~|FgUd0\_^�V���fJj3V0b�q
lhfJbcXaV�l¸³eQ¡v�mcf�np^�\eurlaV�gUbc\ed©|FgUd0\_^�V��J\_laV�gUbÂV0X¡X�Z]\ed0d�f�^
lamc\eb3NJ�UÆ3QvxmyfHZ]\_`Ubcf�laV0u5¬cfJdYj�Xhlh^ t url t ^af¦V0X©XaV0Z�q
V0d0\_^�lhgÃ�xmc\_l¤V0X�Xhf�fJb½V0b?lamyfÃN�R�Q¢K&�z�O ¡�ÅV0Z]\_`efeQ

m � Ë I
v�myf¿urgUZ � V0byfJj�Z]\_|+XOgen�TUL®�eP�¹��.V�`yQÇT'Q�P_R n urgUb�q
XaV0XhlÂgen¿P¼urg�ief�^�\_`efJX�VYbÈlhgela\ed§V0bMlhfJbcXaV0l´³W¹ �¡µ ���
T'Q���Z{�e³ � � fJ\eZ n \eb}joTÃurg�ief�^¨\_`efJX{V0b½|FgUd0\_^�V���fJj
V0bMlhfJbcXaV�l¸³·¹ ��µ ��� N?Z{�e³ � � fJ\eZ n Qkv�myf?Xag t ^�urf
V0X t by^afJXhgUd0iefJjÉQÃv�mcf{|FgUd0\_^�V���fJj½V0bMlhfJbcXaV�l¸³?V0Z]\_`ef
Xamyg��xXOlamyf¿\eXh³�Z]Z¿f�lh^�V0u¤jcV0Xalh^�V � t laV0gUb£gen5lamyf�|Fg_q
d0\_^�V���fJj7fJZ]VYXaXaV�gUbÉQ?vxmyf~np^�\eurlaV�gUb}\ed�|�gUdY\_^�V��J\_laV�gUb
^afJ\eu�mcfJX¡Z]\$¯yV0Z t ZÊi_\ed t fJX®gen�NJ�UÆ3Q

m �!Ê m ° % Ê
� t f�lhgAV�laX¿d0\_^�`ef£\eby` t d0\_^]XaV0��f�TUL�NJTeÀ'Q0NÂV0X¿X t nYq
¬}u�V�fJbMlad�³�^afJXhgUd�iefJj=\_lÃKyQ�»e�Ë�O ¡�eQÌ�.V�` t ^afAT'Q�P�N
Xamyg��xXxlamcf�¬}bc\edÇZ]\_|}X�Q®v�myf�lhgela\ed©V0bMlhfJbcXaV0l´³�V0Z�q
\_`ef{V0XO\ÅurgUZ � V0bc\_laV�gUbzgen¡NJÀÅurg�ief�^�\_`efJX¤\ebcj�mc\eX
\eb �¡µ � bygUV0Xaf�d0f�iefJd�gen�R�Q�»OZ{�U³ � � fJ\eZ�Q.v�myf�|Fg_q
d0\_^�V���fJj¤V0bMlhfJbcXaV�l¸³�V0Z]\_`ef�urgUbcXaV0XhlaX©gen;NJÁ¡urg�ief�^�\_`efJX
\ebcjÈmc\eXÅ\eb �¡µ � gen¤R�Q�Pe�7Z{�e³ � � fJ\eZ�Q � V0Z]V±q
d0\_^¿lhg?�xm}\_l�VYX¿Xhf�fJbÄ\_l£N�R�Q¢K&�½�� x��lamyf£Xag t ^�urf
V0XÂXalh^agUby`Ud�³È|FgUd0\_^�V���fJj;QÍv�myf?np^�\eurlaV�gUb}\ed�|FgUd0\_^hq
V��J\_laV�gUbÅ^afJ\eu¨myfJX®Z]\$¯yV0Z t ZÎi_\ed t fJX�genZ¿ge^af�lamc\eb
KUR&ÆÊ�xV0lamcV0b3lamyf�XhfJurgUb}jc\_^a³3^�\ejcV�g]d�g � fJX�Q

4C12.03    6.3cm    Total Intensity                             
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4c12.03    6.3cm   Polarized Intensity                          
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vxmyf~¬+bc\edHVYZ]\_`efJX¤gen¡ò®P�RU»ePe»Uó�TeP�j}V0Xh|}d0\�³efJj½VYb
�.V�`yQT'Q�PeP£mc\�ief � f�fJb�urgUbcXhlh^ t urlhfJj � ³�urgUZ � V0b}\$q
laV0gUbAgen�NrK�Z]\_|}X§V0b?lhgela\ed�\ebcj�NJP£Z]\_|+X§V0bA|Fg_q
dY\_^�V���fJjÈV0bMlhfJbcXaV�l¸³eQÎv�myf �¡µ � bygUV0Xhf�d�f�iefJd0XÅ\_^af
R�Qõô¶Z{�e³ � � fJ\eZö\ebcjWR�Q0NJ�¶Z{�U³ � � fJ\eZö^�fJXh|FfJuíq
laV0iefJd�³eQO÷øbÃlhgela\ed�V0bMlhfJbcXaV�l¸³�gUbcd�³�|}\_^al�gen5lamyf¿XhfJuíq
gUb}jc\_^a³�d�g � fJXÉ��f�^afHjyf�lhfJurlhfJj;Q÷«b�|FgUd0\_^¨V���fJj�fJZ]V0Xhq
X�V�gUb¼myg��Hf�ief�^�lamcf�³Äu�\eb � fzXhf�fJbËu�d0fJ\_^�d�³eQùv�mcf
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� g t ^�urf �.V�`yQ L�gUbMlhg t ^xþÇf�iefJd0X§ÿ Z{�U³ � � fJ\eZ��
KMLONJP'QSRUT T'Q0NJ»_\ À��0N�R��0NJ»���T�N����$K���Á$K��0N�ÀeP���Pe»cN

T'Q0NJ» � P���À��0NeN��0N�ô���P$K���TeP��¢KcN
¾O��L�TePeÀ T'Q0NJÁ_\ Á��0NJÀ���PUô��¢KMô���»�N��0NrKUR���P$KMT��¢K'P_R

T'Q0NJÁ � T��õô��0NJP��0NJ»���Pe����TeT
TUL®�eP T'Q�P_Re\ NJ����PeÀ��¢K&���õô_»��0NJTe����PUT$K��SKURM���õô_RyN��0NJPeReR

T'Q�P_R � N�R��0N�ô���Pe»���TeÁ
TULONJTeÀ'Q0N T'Q�P�N�\ T����'Q�P���Á��0NJÀ���PUô��¢KMô���»yN��0N�KUR	��P$K&R��SKcN�R

T'Q�P�N � P'Q����¢K���À���Á��0NJP��0NJ»���Pe����TeP��¢K&P����UT���ÀU�
ò®P�RU»ePe»Uó�TeP T'Q�PeP_\ P'Q����¢KyQ�T��õôMQ����0NJT���PeP'Q�����TUÁ���ÀMôMQ����0NUN�ô��õP_R&T���P&Á_R

T'Q�PeP � N���P���T��¢KyQ�����À'Q�����Á��0NJT��YNJ»���P$K
��T�N
TUL®PePeT'Q0N T'Q�PeT_\ NJ����PeÀ��¢K&���õô_»��0NJPeT���PUTe���SKURM�

T'Q�PeT � ôMQ����0NeN��0NrKyQ����0NJ»
TUL®T�NJ� T'Q�P$KU\ NJ����PeÀ��¢K&���õô_»��0NJTe����PUTeT��SKURM���õô_ReR

T'Q�P$K � ����Á��0NJT��0NJ»���Pe����TeP��¢K&P����eT���À&�
TUL®TUô_Á'Q0N T'Q�Pe�_\ NJ����PeÀ��¢K&���õô_»��0NJTe����PUTeT��SKURM�
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3C136.1   6.3 cm   Linear Polarization                          
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0828+32    6.3cm  Linear Polarization                           
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3C223.1   6.3 cm   Linear Polarization                          
~

 39O
�
 55’

 40O
�
 00’

 09h  
�
 38m  �  00s   09h  

�
 38m  �  20s  

7. 5

7.
5

7.5

7. 5

7.5

11

11

11

14. 5

14.5

14.5 1 8

1

8

ÛVÜ�ÝLÞ ß"àâá"ã43bápå7698;:=<I>;@�HQ�DC;C;HsOmte8LKIMcO èQP�RTSVUGO WYX=Z
\ >;^_K`>Ga=b@U Z W Z Ud<I8fb Z�gGh W Z ^ h ^ W 8LiqO�HsO HcO WYX[ZBl 8;:eUm8�n_>;a=K
h < h4pcZ ^_K hd\ 89U5K`>në hdg OrHcOdtoC

3C315   6.3 cm   Total Intensity                                

 26O 15’

 26O 20’

 15h   11m   20s  � 15h   11m   40s  �

1� 5�

15

15

15
1� 5�

2
�
6
�

26

26

26

45
�

45

45
45�

78�

78

78

7� 8�
13� 5�

13
5

135

2
�
33
 

23
3

2¡ 3¢ 3£
4¤ 05¥

405

7
¦
00

7§ 0¨ 0©

3C315   6.3 cm   Linear Polarization                            
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3C379.1    6.3 cm   Linear Polarization                         
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4C12.03   VLA  1.5 GHz  Total Intensity

Peak flux =  215 mJy/beam 
�
Levs = 0.3, 0.5, 0.9, 1.6, 2.7, 4.7, 8.1, 14, 24.3, 42.1, 72.9, 126
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4C12.03  NVSS  1.4 GHz  Total Intensity
Á

Peak flux =  542 mJy/beam
Â
Levs = 2, 3.5, 6, 10.4, 18, 31.2, 54, 93.5, 162, 280, 486 mJy/beam
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Pol vector:  1 arcsec =  0.5 mJy/beam

4C12.03  NVSS  1.4 GHz  Polarized Intensity
Á

Peak flux =  90.2 mJy/beam
Â
Levs = 1.8, 3.2, 5.4, 9.4, 16.2, 28.1, 48.6, 84.2 mJy/beam
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Pol vector:  1 arcsec = 0.5 %
Â
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NGC326  NVSS  1.4 GHz  Total Intensity
Ó

Peak flux =  528 mJy/beam 
�
Levs = 3, 5.2, 9, 15.6, 27, 46.8, 81, 140, 243, 421 mJy/beam
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Pol vector:  1 arcsec =  0.125 mJy/beam 
�

NGC326  NVSS  1.4 GHz  Polarized Intensity
Ó

Peak flux =  9.4 mJy/beam 
Levs = 1, 1.7, 3, 5.2, 9 mJy/beam
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Pol vector:  1 arcsec =  0.05 %
�
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����� ss� �}���R�x�}�ß���}��³�}�����x�w�}�x�w�«¨ª�¡�Â�������w�}�N�����Â�����¸�
³´���}�w�}�®���c Z�x�6�}�?Ð¡��{w{ �äÐ¡��{}ys�f¨²�¡�Ã{�� Ðîí|ïL¶Ç�w���
{��¤~ßí|ïL¶q�´�����C�´�w�W¬�R�}�N�w¬´���R���w�}�Ñ°²�x���º���¡� � G Æ
���ôz ���6��¼�� � �������x�6�÷¯º���¡�c£s�ì¥©íßï²¶c�������w�����w�
¬�R�}�¾�w¬´���w���¡�}�ç°²�x���¾�����ÑÖÔ�äåD�Ë���}���}�����w³�w�Czq�6�D�
�����¡�R�����¡�ç���¡�«�������w�«��»D���}�����w�Cy6zß{}yw~s��{Ç�w�������D�
��³�}���������²���¡�±�������w�}�Z°q�±� � ��³�}���·�������?�w���s�������w�}�
� � ûo�R�ª�����6�Ë�����������¡��� � »Ã�F���6�½³÷�²Îs�}���R�ª~s�¤Ös� Ð�¦§�
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NGC 326   VLA  4.86 GHz  Total Intensity
Ó

Peak flux =  75.9 mJy/beam 
�
Levs = 1.2, 2.1, 3.6, 6.2, 10.8, 18.7, 32.4, 56.1
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òêÎ¡Ì·¨Ë�������´�x�w�Ç�������h�w�|Ü±£?Ä6Ýw£wÝ6Þßyw£j���Â�h�������
s�� �}�����h�w�²~�Ä6Ýs�¤ÖÏÍÇïL¶Â°q�R���_��»s�����w�����}���w��� �����
���}� � ���}� �����R� � �����¡���R�w���x¬��§�����x�6�T� z±�����R� � �A�´�����
�6���¡� �w���Õ� � �x����³´�x�ó³A���w�����ã���}�x�F�R�w���x¬´�������x�6�Á�����
� � �x���}�ó�����w���§���¸�ã�¡�6�����®���ô���¡� ¼A���w�½����³ó�w�
à ÄD� Ð:Ö¹�ÂÒw��ÓÔ¬�}�w�«¯´°²�´�����¾���±¬�R�����R�L¬s�«���F�w�����w�
�w�?�ã°q�_���6��³´�����}�ç���Â°²�����²°q�w�C�w�������R�w�}�P���«���¡�
�w���x�6���´�w��³ � ¬´�����R�������6�è� þ �������µ�R�a�w� �±{}òwÝwÖ6¦§�¢¨ª�¡�
���w���w�?�������}�����x�×�Ç�w���ç³o�6�������x¶R�}�P���:���}�´���x�ã�¾�������w�}�
�R�w�¾¬�µ���R�}�ç���« Z�x�¡��Ð¡��{}Ös�J¨ª�¡�µ��� � �§���º���±���x�6�´�x�
³�6�������x¶R�}�T� ¨ª�¡��³��������������x�w¬�}�Ï��»¡���x¬´���ç�����w� �
���x�6���w�A³�6�������x¶}�����x�6���w�¢{RÄu��{}Ö6ÅÈ°²�¡�R���}�w�ö���¡�C���}� �
�6���������Ã���w¬o�}�Ñ���¡�Ô°è���6�´�����¡�R����¬A�x�h���x�6�¡�R�Ñ�½�}�w�
³�6�������x¶}�����x�6�õ� à Ð6Ä:Å ���©�����P�¡�w�����ê�w��� à £wÖ6Å
���½���¡�L��� � ���A¦§�?¨ª�¡�L���x�6�¡�}���?�����w�����x�6�´�w�¡³�6�������x¶}�u�
���x�6�¾�Z@º¥uÄ:Å�¦Z�6�¡�±¼´�����·�6�H���¡�±�§���¡�w�q�w�A�}���������x�6�
�������µ��»D���}�����ß�����6�á�����Â���w���Â�������«���¡���¡�w�����¡�R���
���}���6���������À���w¬o�w�
Æ �Ã{�� Ð í|ï²¶Ï�×°ö� ÝÔ�ã�¡�À� � ���L���s�����¡�}�����¹�������w���R���
°ö�R���«��»s�����w�����}�®�\���6� �����ÿòÊÎDÌZ¨ �����§���x�w�w�j¿L�
³�6�������x¶}�����x�6�ñ���¡���w�����������6�®°J�w�_�É�u�w������¬´�x�w�ô¨ª�¡�
� ���ã�������Á°ö�R��� �}�������}� �w��� �R�w���x¬´�������}� ���R³´�u�
�������}�x�«�w���«°q�R���µ�����}�Ç�½�R���w�}�Ç���:���¹�����6�º¬A���¡�}�
� ���ã�������w���R� � ������� � Ü±z ï ¿º�H  � �����¡�R�î�������6���¡�
�w��� ³´���w�����ã���}�x���R�w���x¬��������x�6� °q�w�f³�R�����w���½�}�Ë���
� ú  ?Í Æ þ �L¨²�¡�Ï¼´���w�C���w���w�º�������}�������ã�©�������w�Ã���
������³A���}�w�}�Ë���  Z�x�¡�_Ð¡��{É¥�� ¨ª���������©�¡�6�����â���
ÄD� Ð��ÂÒw��ÓÔ¬�}�w� �w�´�È�����ñ�R�x�}�w�è¬�}�w� ���x¶R�f���

3C52  NVSS  1.4 GHz   Total Intensity
Ç

Peak flux =  2.2 Jy/beam 
Â
Levs = 2.5, 4.3, 7.5, 13, 22.5, 39, 67.50, 117, 202, 351, 607, 1052, 1821 mJy/beam
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Pol vector:  1 arcsec =  0.33 mJy/beam 
Â

3C52  NVSS  1.4 GHz  Polarized Intensity
Ç

Peak flux =  48.2 Jy/beam 
Levs = 2, 3.5, 6, 10.4, 18, 31.2 mJy/beam
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Pol vector:  1 arcsec =  0.1 %
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3C52  1.411 GHz  Total Intensity
Õ

Peak flux =  1.30 Jy/beam 
�
Levs = 4, 6.9, 12, 20.8, 36, 62.4, 108, 187, 324, 561, 972 mJy/beam
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3C52  1.646 GHz  Total Intensity
Õ

Peak flux =  1.23 Jy/beam 
Levs = 4, 6.9, 12, 20.8, 36, 62.4, 108, 187, 324, 561, 972 mJy/beam
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3C52  2.695 GHz  Total Intensity
Õ

Peak flux =  866 mJy/beam 
�
Levs = 18, 31.2, 54, 93.5, 162, 281, 486, 842 mJy/beam
�
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åD��������� ³����É�D���¡�}��¬s�óÒ¡� � �}���¡�R���¸�ã¨ª���w��³�©�w���
������������³´���}�w�}�â���  ·���6�R�LÐ¡�¤£D{ �äÐ¡�¤£wys� ¨ª�¡�î���}�����
� � ���x�6���w�¾�����f�������w�}�����©{RÄ = = >�{RÄ = = � Æ �¡���
���w�����}�Â������� � �����x�6���w�T���¡�²�}�½³A�x�É�w�}�À�������6���¡�º�w���
�������ó���}� � �������6� ³����D���}� � ���Ê�R�w�Ë¬�Ê��� � ���m���
� �}���¡�R���¸�ã¨²�¡�w��³�î�¸{}òwòw~6¦¹�w��� � �}�´�¡�R���¸�ã¨ª�¡�w��³�
�R�_�w� �C�¸{}òwòwò6¦§�ô¨ª�¡�çÝs� Ð í|ïL¶ç�´�����j���É�w�ç¬�R�}�
³����R�s�x� � ���x�½³ � ¬A�������¡�}��¬��_Üq���w��åÀ�R�ª�w� �÷�¸{}òwòw£6¦±���
�Ï���}���6� � ���x�6�î�w�µ£rB= = Öb>¢£rB= =�Ös�®¨ª�¡�«�����6���R�����«¼��}���
�w�}�����w���±��°²���¡�Ñ���½�s�w�����x�½�����6�ó�����C�w�����x�w�|���H���¡�
���}���6�´�������N���w¬o�}�Z�w���H�����ª�w���x�6�¡�}�N³´�����w���x�}�����ß���¡�
��� � �����h�}�¡�w�}�R� Æ �Ç���¡�h���x³A�«�w�H���¡�Ã���}���6���������
�x�w¬�}�«����� ¼��}���Ê�w���x�}���������x�6�����Ç³´�����w�����}�|��� ���¡�
�x�w¬�¾�u»¡���R�êÍ � ���©�w�C�����ç��� � �§���Ç���������6���x�î³o���
�����§�x¶R�}� �¸{}ÖÔ�×y�Ä:Å�¦§�P¨ª�¡��³�}��åh�w�±�����w�����x�6���w�¢³o���
�����§�x¶}�����x�6�À� à Ð6Ä:Å�¦à���à�\� � �´�N���6���´�R���¡�}���W°²�x���N���¡�
¬��§�x�6�:�����}���à�Â�u»D��� � �â�w�´�����J���w�����D�ä°q�}�����R���H���}� �
�6���´�����_���w¬o�w�
ÎD�´��³´���¡�w�h�w¬´���R���u�������6���Ã�w�¾y6z±£w£wys��{ñ���j�ê�������
ss� �}�����_�w�Z~�Ä6ò¹ÍÇïL¶º���É�w�º¬�R�}�À��»D�����w�����}�Ç�����6�
���¡� òÊÎDÌZ¨ �������´�x�w�w� ¨²�¡�f�w���x�6�����w�¹�w¬´���R���u�u�
���x�6� �����wåh³A���w���¹��� {}òwÝwys�Ç¨ª�¡�������½�Â�6�j��� � �����
���Ç��³´���x�«�������®Ðñ���:���R���u�w���¾�w�¾{�Ð©����� � ���}�«�}�w�§�T�
¨ª���}���N�������R�����w���C�����H�R�w�}���x�¾��³����}�w�P���Ç�¡� � �|�w�D�
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�6�x�L���½�w���¡�R�ö���º�6�x�w�²�º°ö�}�����¡�R¼´�¡�}�ÊF1J½���É�w�R�����w�w�
¨ª�¡�oF1JÏ�������w���R�H���}�w�_¬�R�}� �R�w���x¬´�������}� �w��� �����
���}� � ���}�÷��ï²�Ô°ö�R�w�R�H���¡�������\�w���Â�����x�6�h��¬� � �ß���¡�
�x�6�¡�6��³A�¡�R�����C���6�����x�����6���J���ª���¡�ß�����½�|�w�·�w¬´���R�����u�
���x�6�î��� � ���Ã�¡�w�N¬�����R�����x�R�w�}�j�w�:�D�½�w���w�¾¨²�¡�R�����
�\�w���ß���¡�|³o�6�������x¶}�����x�6�_�������H°J�w�±�¡�w� � ���}�À���_���¡�
�\�6���x�É°²���¡�¡�·¨²�¡�±���w���w�A���:���}�����x�ã�H����³Â���¢���¡�É°L�����
 Z�x�¡��Ð¡��{}Ýs�ö¨²�¡�ß�����¸�ã���6�����µ���ª£wÖ½�¹Òw��ÓÔ¬o�}�w�¾�
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¨W�w���w�q�������}�����x�×�h�������w�}�µ�w�²y6zªyD{}ÖÇ���N���¡���R���������
s�� �}���R�x�}�ß�¸{�� Ð¹í|ïL¶w¯÷{��¤~Híßï²¶µ�w���«£s�ì¥Hí|ïL¶Ô¦q�����
³����Ô�s�����}�À���½���¡�ß³ � ¬´�����ª¬s� Æ �x��»¡�w���¡�R�#@CGW�}�w�:�
�¸{}òwÝ6¥w¦L�s����¿Lð � �F Z�x�¡�oÐ¡�¤£uÐ�¦§�²¨ª�¡�Ñ�½�w��³´�¡�6���w�w�
�w�Hy6zªyD{}Öc��� ss� �x���Ï³�}� � �������}� � � �h���c���¡�Ã��¬¡�
���}�����ö�w�D���w����³�w���÷�x�W��� � ���R�x�}���÷°L�������|³A�����÷�w�D���¡�
��� � �����Ï���R³´���}���}�����À���¡�h�w�����x�w�Ã�w���f°²�������©³´�����
���¡�J���}���6���������N�x�w¬�}�R�4òf�x�������µ�������÷�����}�����à°ö�q°²�����
���R���R�·���C���¡�J�¡�w�����¡�R�§�N�w���Ñ��� � �����R���N���w¬o�}�·�w�·���¡�
�w�����x�w�ª�6�¡�}�}�Z¨²�����·���?�½�w���x�������}�½¬s�º���¡�J�F�w���?�������
���¡�¢�¡�w�����¡�R���µ�x�w¬�a���W���6�������¡�R�§��¬´�x�ª¬��§�x�6�:���R�W�����w�
�x���T°q�}�����R���N��� � �:���R��³´�����R�Z¨ª�¡�¾��� � ���Smî�}�w���W�x�w¬�
�¡�s�}�?�¡�w�a���¡�Ô°®�w�:�H�������������à¬´���x�6�����¡�}���Z�w���D���½���
�����w�?ú×�?���C�w��� ¯����¡�º¬����x�6�����}���ª���}��� � ���N���¡�R���N���ª�x���
�R�����}�ç���À���¡�µ�}�w�����R���ç�x�w¬�ß�R�x�6���µ���������º���w���w�,ú¸�
���6�:���§�w���à���L���¡�¢�w�����R�SðL�ã������³�}�µ��� � �����}�à��� � ���x�}�
�¡�R���w¯�y6z±yD{}ÖN��»¡���x¬´�x���ö�Ñ¬����x�6���ö�w���¹³����6��� � �����}�
���w���x�ç���w���w�Ç¨ª�¡�¹¿ � Î�Îh�������w�P�F Z�x�¡�ÀÐ¡�¤£wÖ6¦º�����
�w�}�w���ªy6z±yD{}ÖN���H¬�L���x�6�´�x�H³o�6�������x¶R�}�T�Z¨ª�¡�C���x�6�D�
�}���µ�����w�����x�6���w�a³o�6�������x¶}�����x�6�h���|��� � ���h���º���¡�½���x³
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3C136.1  WSRT  1.395 GHz  Total Intensity
ò

Peak flux =  346.2 mJy/beam 
Levs = 2.5, 4.3, 7.5, 13, 22.5, 39, 67.5, 117, 202 mJy/beam
ó
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Pol vector:  1 arcsec =  0.125 mJy/beam

3C136.1  WSRT  1.395 GHz  Polarized Intensity
ò

Peak flux =  34.9 mJy/beam 
Levs = 1.5, 2.6, 4.5, 7.8, 13.5, 23.4 mJy/beam
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Pol vector:  1 arcsec =  1.25 %
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3c136.1  NVSS  Total Intensity  1.4 GHz
Ç

Peak flux =  571 mJy/beam 
Levs = 1.5, 2.6, 4.5, 7.8, 13.5, 23.5, 40.5, 70, 121, 210, 363
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Pol vector:  1 arcsec =  0.17 mJy/beam 
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3c136.1  NVSS  Polarized Intensity   1.4 GHZ
Ç

Peak flux =  27.5 mJy/beam 
Levs = 1.5, 2.6, 4.5, 7.8, 13.5, 23.4 mJy/beam
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Pol vector:  1 arcsec =  0.5 %

���v�n�d�K. Q1032Éÿ_4 ×sÞ!ÏªÏ���¢ �¥£ �´����¤S«�«�§&«�ØÉ©�§U©��b±/�[¢ ��² � ¡x� ¶ �È���È�s·p�´�$����Ì � ?���+��± � �È��¤1ÙC� £ ©n¦É© ¨



�rhs�  "tvuxwUyUz3z3{_|ny$}C~Wu!��{C��{ �TV

3C136.1  1.411 GHz  Total Intensity
Ç

Peak flux =  135.2 mJy/beam 
Levs = 1.2, 2.1, 3.6, 6.2, 10.8, 18.7, 32.4, 56.1, 97.2
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3C136.1  1.646 GHz  Total Intensity
Ç

Peak flux =  122 mJy/beam 
Â
Levs = 1.2, 2.1, 3.6, 6.2, 10.8, 18.7, 32.4, 56.1, 97.2
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3C136.1  2.695 GHz  Total Intensity
Ç

Peak flux =  85.6 mJy/beam 
Â
Levs = 3, 5.2, 9, 15.6, 27, 46.8, 81 mJy/beam
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B2 0828+32  WENSS  609.6 MHz  Total Intensity

Peak flux =  1.1 Jy/beam 
�
Levs = 15, 26, 45, 78, 135, 234, 405, 702 mJy/beam
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B2 0828+32  WSRT  608.5 MHz  Total Intensity

Peak flux =  556.3 mJy/beam 
Levs = 1.3, 2.3, 3.9, 6.8, 11.7, 20.3, 35.1, 
            60.8, 105, 182, 316, 547 mJy/beam
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Pol vector:  1 arcsec =  0.2 mJy/beam 

B2 0828+32  WSRT  608.5 MHz  Polarized Intensity

Peak flux =  88.2J mJy/beam 
Levs = 1.2, 3.6, 10.8, 32.4 mJy/beam
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Pol vector:  1 arcsec =  0.63 %
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B2 0828+32  NVSS  Total Intensity  1.4 GHz
�

Peak flux =  323 mJy/beam 
Â
Levs = 1.5, 2.6, 4.5, 7.8, 13.5, 23.5, 40.5, 70, 121, 210 mJy/beam 
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Pol vector:  1 arcsec =  0.25 mJy/beam 
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B2 0828+32  NVSS  Polarized Intensity  1.4 GHz
�

Peak flux =  54 mJy/beam
Levs = 1.3, 2.3, 3.9, 6.8, 11.7, 20.3, 35.1
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Pol vectors:  1 arcsec =  1.7 %
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B2 0828+32  WSRT  1.415 GHz   Total Intensity

Peak flux =  248.9 mJy/beam 
Levs = 1.2, 2.1, 3.6, 6.2, 10.8, 18.7, 
          32.4, 56.1, 97.2, 168 mJy/beam
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3C223.1  WSRT  608.5 MHz  Total Intensity
Õ

Peak flux =  1.6 Jy/beam 
�
Levs = 75, 130, 225, 390, 675, 1169 mJy/beam
�
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3C223.1  WSRT  1.395 GHz  Total Intensity
Õ

Peak flux =  637 mJy/beam
�
Levs = 1, 1.7, 3, 5.2, 9, 15.6, 27, 46.8, 81, 140, 243, 421 mJy/beam
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3C223.1  WSRT  1.395 GHz  Polarized Intensity
Õ

Peak flux =  80.5 mJy/beam 
�
Levs = 0.8, 1.4, 2.4, 4.2, 7.2, 12.5, 21.6, 37.4, 64.8 mJy/beam
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Pol vector:  1 arcsec =  1.25 %
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3c223.1  NVSS  1.4 GHz  Total Intensity
Ç

Peak flux =  829 mJy/beam
Levs = 2.5, 4.3, 7.5, 13, 22.5, 39, 67.5, 117, 202, 351, 607 mJy/beam
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Pol vector:  1 arcsec =  0.5 mJy/beam 

3c223.1  NVSS  1.4 GHz  Polarized Intensity
Ç

Peak flux =  79.1 mJy/beam
Â
Levs = 1.3, 2.3, 3.9, 6.8, 11.7, 20.3, 35.1, 60.9 mJy/beam
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3C223.1   VLA  1.464 GHz  Total Intensity
Õ

Peak flux =  423 mJy/beam 
Levs 1.2, 2.1, 3.6, 6.2, 10.8, 18.7, 32.4, 56.1, 97.2, 168, 292 mJy/beam
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Pol vector:  1 arcsec =  1.7 mJy/beam 

3C223.1  VLA  1.464 GHz  Polarized Intensity
Õ

Peak flux =  64.9 mJy/beam 
Levs = 0.6, 1, 1.8, 3.1, 5.4, 9.4, 16.2, 28.1, 48.6 mJy/beam
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Pol vector:  1 arcsec =  1.67 %
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3C223.1  VLA  4.885 GHz  Total Intensity
Õ

Peak flux =  176.2 mJy/beam 
Levs = 0.6, 1, 1.8, 3.1, 5.4, 9.4, 16.2, 28.1, 48.6, 84.3, 145 mJy/beam
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Pol vector:  1 arcsec =  0.56 mJy/beam 

3C223.1  VLA  4.885 GHz  Polarized Intensity
Õ

Peak flux =  26.5 mJy/beam 
Levs = 0.25, 0.43, 0.75, 1.3, 2.3, 3.9, 6.8, 11.7, 20.3 mJy/beam
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Pol vector: 1 arcsec =  2.2 %
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3C223.1  VLA  8.465 GHz  Total Intensity
Õ

Peak flux =  118 mJy/beam 
Levs = 0.4, 0.7, 1.2, 2.1, 3.6, 6.2, 10.8, 18.7, 32.4, 56.1, 97.2 mJy/beam
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Pol vector:  1 arcsec =  0.4 mJy/beam 

3C223.1  VLA  8.465 GHz  Polarized Intensity
Õ

Peak flux =  17.6 mJy/beam 
Levs = 0.2, 0.35, 0.6, 1, 1.8, 3.1, 5.4, 9.4, 16.2 mJy/beam
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3C315  1.418 GHz  Total Intensity

Peak flux =  341.4 mJy/beam 
Levs = 1.5, 2.6, 4.5, 7.8, 13.5, 23.4, 40.5, 70.1, 122, 210 mJy/beam
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3C315  1.646 GHz  Total Intensity

Peak flux =  307.6 mJy/beam 
Levs = 1.5, 2.6, 4.5, 7.8, 13.5, 23.4, 40.5, 70.1, 122, 210 mJy/beam
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3C315  2.695 GHz  Total Intensity

Peak flux =  220.0 mJy/beam 
Levs = 4.5, 7.8, 13.5, 23.4, 40.5, 70.1, 122, 210 mJy/beam
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3c315  NVSS  1.4 GHz  Total Intensity
Ç

Peak flux =  1.2 Jy/beam
Levs = 4, 6.9, 12, 20.8, 36, 62.4, 108, 187, 324, 561, 972 mJy/beam
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Pol vector:  1 arcsec =  2 mJy/beam 

3c315  NVSS  1.4 GHz  Polarized Intensity
Ç

Peak flux =  164.7 mJy/beam 
Â
Levs = 2, 3.5, 6, 10.4, 18, 31.2, 54, 93.5 mJy/beam
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3C379.1  WSRT  1.395 GHz  Total Intensity
Ç

Peak flux =  689.3 mJy/beam 
Â
Levs = 1.2, 2.1, 3.6, 6.2, 10.8, 18.7, 32.4, 56.1, 97.2, 168, 292, 504
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Pol vector:  1 arcsec =  0.556 mJy/beam 
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3C379.1  WSRT  1.395 GHz  Polarized Intensity
Ç

Peak flux =  31.6 mJy/beam 
Â
Levs = 1.2, 2.1, 3.6, 6.2, 10.8, 18.7 mJy/beam
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3C379.1  NVSS  1.4 GHz  Total Intensity
Õ

Peak flux =  1.0 Jy/beam 
�
Levs = 2, 3.5, 6, 10.4, 18, 31.2, 54, 93.5, 162, 281, 486, 842 mJy/beam
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Pol vector:  1 arcsec =  0.5 Jy/beam 

3C379.1  NVSS  1.4 GHz  Polarized Intensity
Õ

Peak flux =  45.6 mJy/beam 
�
Levs = 2, 3.5, 6, 10.4, 18, 31.2 mJy/beam
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3C403  NVSS  1.4 GHz  Total Intensity
Õ

Peak flux =  2.1 Jy/beam 
�
Levs 3.5, 6.1, 10.5, 18.2, 31.5, 54.6, 94.5, 164, 284, 491, 850, 1473 mJy/beam
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Pol vector:  1 arcsec =  1.0 mJy/beam 
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3C403  NVSS  1.4 GHz  Polarized Intensity
Õ

Peak flux =  91.2 mJy/beam 
Levs 2, 3.5, 6, 10.4, 18, 31.2, 54 mJy/beam
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3C403  VLA  1.45 GHz  Total Intensity
Ç

Peak flux =  546.6 mJy/beam 
Â
Levs = 0.7, 1.2, 2.1, 3.6, 6.3, 10.9, 18.9, 32.7, 56.7, 98.2, 170, 295, 510 mJy/beam
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Pol vector:  1 arcsec =  0.8 mJy/beam 

3C403  VLA  1.45 GHz  Polarized Intensity
Ç

Peak flux =  49.4 mJy/beam 
Â
Levs = 0.3, 0.5, 0.9, 1.6, 2.7, 4.7, 8.1, 14, 24.3, 42.1 mJy/beam
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Pol vector:  1 arcsec =  4 %
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3C403  VLA  8.35 GHz  Total Intensity
Ç

Peak flux =  131 mJy/beam 
Â
Levs = 0.5, 0.8, 1.4, 2.3, 4.1, 7, 12.2, 21, 36.5, 63.1, 109 mJy/beam
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Pol vector: 1 arcsec =  0.4 mJy/beam
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3C403  VLA  8.35 GHz  Polarized Intensity
Ç

Peak flux =  12.1 mJy/beam 
Â
Levs = 0.3, 0.5, 0.9, 1.6, 2.7, 4.7, 8.1 mJy/beam
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Pol vector: 1 arcsec =  4 %
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BDC�E�FHGJILK?MONPKRQSMUTJV�MON�TWYX[Z�K\X�]^GJV�KÐð`_aISC�X�b^EdceQSXf_c�MUG7TJX[gOXfhAMOEdI\MOI?KLC�E�X�b�b�X�QLEdNPKLgUiegUG�jkNPV�F?]^ElQ?G[WIRGJV�QSZ�EdIG[W9KLC�X�K�Kaimb^E[n©ðpo[EdNqKLC�GJV�TJCrIRGJFHEÚðs_ILC�X�b^Edc�G[]AtREdZ�KLIDF�MUTJCPKuQLEdF�X[MON�MONvC�MOc�MON�Twc�V�ExKRGb�QLGftREdZ�KLMUGJNvX[N�c�G[KLC�ElQDIREdgUEdZ�KLMOGJN�]%MOX[IREdIyKLC�ExKRG[KLX[gNPV�F?]^ElQzG[W�ILGJV�QSZ�EdIzM{IzZ�ElQLKLX[MON�gUi|N�G[Ky}�~R�����[�Y���S�������gUG�jyElQLEdcw]mi|KLC�EdIREyE�û�EdZ�KLIln þ GJILISMU]�gUE�E�hAb�gOX[N�X�KLMUGJN�IW�G[QyKLC�E9ILF�X[gOg�NPV�F\]^ElQpG[WÕðs_aILC�X�b^EdcILGJV�QSZ�EdIyX�QLE[�
� KLC�Eli�X�QLE(o[ElQLi�E�hAG[KLMOZ�G[]AtREdZ�KLIeKLC�X�K�W�G[QSFGJN�gOi�Q�X�QLEdgUieX[N�c�V�N�c�ElQ�E�hAKRQSX�G[QSc�M{N�X�QLieZlMUQR_ZlV�FIRKLX[N�Z�EdIln
� KLC�ElirX�QLE�N�G[QSF�X[gDQ�X[c�MUG�TJX[gOXfh�MUEdI�KLC�X�K�X�QLEZlV�QSQLEdN�KLgOi3MON�X[N�ILC�G[QLK�_agOMUo[Edc�X[N�c%��G[Q�QSX�QLEb�C�X[IRE|G[W�KLC�EdMUQ�Elo[GJgOV�KLMOGJN�n

ú�N\G[QSc�ElQ�KRGxc�MOIRKLMON�TJV�MOILCx]^ElKajyElEdN?KLC�EdILE�ILZ�EdN�X�Q�MUGJIMUK�MOIuN�EdZ�EdILILX�QSi�KRG�V�N�c�ElQSIRKLX[N�c�j`C�M{ZSC�W�G[Q�F�X�KLMUGJNb�QLGAZ�EdILIZlX[Nr]^EvQLEdIRb^GJN�ILMO]�gUE�W�G[Q�KLC�EÚðs_aILC�X�b^Edcb�C�EdN�GJF�EdN�GJFvnBDC�MOI�ZSC�X�b�KRElQ�jsMOgOg�]�Q�MUE$��i�MON�KRQSGmc�V�Z�E$KLC�E�FHGJIRKMOFHb^G[QLKLX[NPK�W�G[QSF�X�KLMUGJN�FHEdZSC�X[N�MOILF�I�KLC�X�K�C�X�o[E]^ElEdN�b�QLG[b^GJIREdc(MON!KLC�E$gOMOKRElQSX�KLV�QLE[nAú�N¡ �C�X�b�KRElQ¢ KLC�EdILE`FHGAc�EdgOI£j`M{gOgA]^E�QLElomMOElj�Edc�X�TJX[MONX[N�cc�MOI�_ZlV�ILIREdc�MON�T[QLEdX�KRElQ�c�ElKLX[MOg¤MON�KLC�Ewg{MUTJC�KsG[W�KLC�EwQLE�_ILV�gUK�G[WAKLC�EyIRb^EdZ�KRQSX[gJX[N�X[gOimILM{I^b�QLEdIREdNPKREdc?MONw uC�X�b�_KRElQx¥mn
¦�§çæ ¨�©Ñ^Jª¤«�c%¬
 EdX[CPiÊ@ ò.M{gOgOMOX[F�I�®�¯d°[±f²P³pC�Xdo[ExX�QLTJV�Edc�M{N´W�X�o[G[QG[W|]�X[ZLµr��G�j¶]^EdMON�TeQSEdIRb^GJN�ILMU]�gOE�W�G[QKLC�E�W�G[QSF�Xf_

KLMOGJNrG[W\KLC�E�IREdZ�GJN�c�X�QLi.gUG[]^EdIG[WIð`_aISC�X�b^Edc¡QSXf_c�MUG�TJX[gOXfhAMOEdIln¡·uX[ZLµr��G�j¸MOIHW�G[QSFHEdc�]mi$tRElKF�Xf_KRElQ�MOX[g�KLC�X�K´MOI?QLEdgUEdX[IREdc�]PieKLC�E�C�G[KLIRb^G[KLIwX[N�c�M{IKLC�EdN�IRKRQLEdX[FMON�TH]�X[ZSµvKRG�juX�QSc�IDKLC�E?C�GJIRKDTJX[g{Xfhmi[n
ú�NeKLC�E�F�Gmc�Edg�b�QLG[b^GJIREdc�]mi  EdX[C�iè@ ò¹MOgOgOM{X[F�I®�¯d°[±f²P³uKLC�Es]%X[ZLµr��G�j`M{N�TwFX�KRElQSMOX[g�QLEdF�X[MON�I�Z�GJgOg{Mº_FX�KREdc»V�NPKLMOg9MUKvFHElElKLI$KLC�Ee]%X[ZLµr��G�j¼W�QLGJF½KLC�EG[b�b�GJISMUKRE�C�G[KLIRb^G[K7X[N�c¾E�hmb%X[N�c�I$gOX�KRElQ�X[gOgUi¾MONPKRGX�WYX�K$c�MOILµqG[QSMUEdNPKREdc¾b^ElQLb^EdN�c�MOZlV�gOX�Q�KRG(KLC�EeQSXf_c�MUG¾gUG[]^E�Xfh�MOIln½BDC�EqX[V�KLC�G[QSI�b^GJMONPK�GJV�K�IRElo�_ElQ�X[g\c�M ù ZlV�gUKLMUEdI$KLC�MOI�F�Gmc�Edg\C�X[I�MON»QLElb�QLGmc�V�Z	_M{N�T´KLC�E¸ðs_aILC�X�b^EdcvFHG[QLb�C�GJgUG[T[i[n�BDC�E|W�G[QSF�X�KLMUGJNG[W\KLC�E�c�MOILµqj�GJV�gOc.]�E�Xfh�MOIRiAF�FHElKRQSMOZ7j`MUKLC.QLE�_ILb�EdZ�K¤KRG9KLC�EuQSX[c�MUGxgUG[]^EyXfh�MOIl¿�j`C�ElQLEdX[Isð`_aILC�X�b�EdcILGJV�QSZ�EdI�E�hAC�MO]�MUK�~RÀ[�Á�[�Y��À�Â%����IRiAF�FHElKRQLi[n  EdX[C�io@
ò¹MOgOg{MOX[F�I£®�¯d°[±f²P³�C�Xdo[E�b�QLG[b^GJIREdc9KajyG9IRimFFHElKRQLiP_]�QLEdX�µmM{N�TDFHEdZSC�X[N�MOILF�IzKLC�X�KzjyGJV�gOc?gUEdX[c�KRGs]�EdN�cA_M{N�TqG[W´KLC�E�]%X[ZLµr��G�jÃMONPKRGqG[b�b^GJILMUKRE�c�MUQLEdZ�KLMUGJN�I®YILElEqÄ¤MOT�n|ÅmnO¯�³��<®�¯�³�Æ*IRb�C�ElQLGJMOc�X[g\TJX[I�c�MOILKRQSMº_]%V�KLMUGJN�KLC�X�K�MOI?F�MOILX[gOMOTJN�Edc�jsMUKLC�KLC�E�QSX[c�MUGvXfhAMOIjyGJV�gOcec�E$��EdZ�K�X[N�i�]�X[ZSµ?��G�j`MON�T$F�X�KRElQSMOX[g�¿zb�QLElW�_ElQSEdN�KLMOX[g{gUi�MON�KLC�EHc�MUQSEdZ�KLMUGJN�b�X�QSX[gOgUEdg¤KRGvKLC�EHF�Xf_tRG[Q�XfhAMOI�G[W�KLC�E�TJX[I�c�MOIRKRQ�MU]�V�KLMUGJN#nÇ®�ÈJ³ÆxN¡GJgOcZlX�omMOKaiMON�KLC�E°úLÉ�Ê�� úLË|Ê¸jyGJV�gOcHb�QLG�oAMOc�EDX\ZSC�X[NA_N�EdgsMONPKRG!j`C�MOZ�C¡KLC�E�]�X[ZSµ?��G�jÌj�GJV�g{c¡b�QSElW�ElQLEdN�_KLM{X[gOgUi|IRKRQLEdX[Fvn£ÍsG�jyElo[ElQd¿�MON?G[QSc�ElQ¤KRG|Z�QLEdX�KRE�ILV�ZSCXeZlX�omMOKai�MON!KLC�E�b�X[IRKHKLC�E�QSX[c�MOGtRElKHF\V�IRKHC�Xdo[E]^ElEdN�G[QSMUEdNPKREdc7MON�KLC�X�Ksc�MUQLEdZ�KLMUGJN�n?ú�N$KLC�X�K9IREdN�ILEKLC�MOIpILZ�EdN�X�QSMUG?MOI�N�G[K�X?b�V�QLE�]%X[ZLµr��G�j¾FHGAc�Edg�]�V�KjyGJV�gOc�QLEdÎPV�MUQLE`X\FHEdZSC�X[N�MOILF�KLC�X�K�C�X[I�QLEdX[gOMUTJN�EdcKLC�E�QSX[c�MUG£t�ElKln� yGJN�ILM{c�ElQSMON�TuKLC�E�gOX�QLT[EpgOM{N�EdX�QzILMUÏlEdI
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G[W¤IRGJF�E|G[WzKLC�E�IREdZ�GJN�c�X�QLi�gOG[]�EdI�XHZ�Q�V�ZlMOX[g^ÎPV�EdI�_KLMUGJN�MOI^j`C�ElKLC�ElQ#KLC�EpILb�ElEdc9G[WmKLC�E�]%X[ZLµmä�G�j!MOI�ILV�W�_å ZlMUEdNPKyKRG´W�G[QSFkKLC�EdFæj`MUKLC�MONKLC�E9g{MUW�ElKLM{FHE`G[W�KLC�EIRGJV�QSZ�E[n´BDC�EHIRb^ElEdc�G[WyKLC�E´]�X[ZLµmä�G�j�ZlX[N�N�G[K|]^Ec�MUQLEdZ�KLgUi�G[]�IRElQLo[Edc�n�ÍsG�jyElo[ElQ�KLC�E$ILGJV�N�c�IRb^ElEdcb�QLG�oAMOc�EdI9X å Q�F¶V�b�b�ElQ9gOMOFMUK`KRGvKLC�E´o[EdgUGAZlMUKßi7G[WKLC�Eu]�X[ZLµmä�G�j?n�B`C�MOI�b�MOZ�KLV�QLEuMOI�ILV�b�b�G[QSKREdc?]mi?NmVA_FHElQSMOZlX[g£ILM{F\V�g{X�KLMUGJN�I´®�E[nçT�n´èsG[QSF�X[N(¯d°[°[¥m¿�ÆxgUG�iElK\X[g�ne¯d°[°[°J³?KLC�X�K?b�QLEdc�MOZ�K�ILV�]�IRGJN�MOZ´]%X[ZLµmä�G�j`IdnÆsgOILG�¿�G[]�IRElQLo�X�KLMUGJN�IuG[W¤KLC�E�gUG[]^EdIyG[W�Q�X[c�MUG´TJX[gOXfhm_MUEdI|C�Xdo[E�N�G[K|QLElo[EdX[gUEdceX[NPi7EloAMOc�EdN�Z�EwW�G[Q?IRKRQSGJN�TILC�GAZLµeKLC�X�Kwj�GJV�gOce]^E�b�QLGAc�V�Z�Edc�]Pi�ILV�b�ElQ�IRGJN�MOZä�G�j`Idné N7F�X�TJN�ElKLMUÏlEdc7b�gOX[ILFX[IDF�X�KRKRElQ9FHG�o[EdI9ILV�]%IRGJNA_MOZlX[gOgUi�]^EdgUG�jêKLC�ErFX�TJN�ElKRGJIRGJN�MOZrIRGJV�N�c�IRb^ElEdcTJMUo[EdN�X[Il�

J�ëxì�í î	ïð�ñ�òPïó ®�ÅmnO¯�³
Í`ElQLE9î ð MOI�KLC�EsKLC�ElQSF�X[g�ILGJV�N�c�IRb^ElEdcX[N�c�ò ó c�E�_N�G[KREdIDKLC�E\ÆsgUW�o�ôEdN$o[EdgUGmZlMOKai

î ð ì õPö÷�ø ò ó ì ùú û#ü	ý ®�ÅmnþÈJ³

j`C�ElQLE õ M{Iz·yGJgUKRÏdF�X[N�N#ÿÜI�Z�GJN�ILKLX[N�Kl¿ ö MOI#KLC�EpKREdF´_b^ElQSX�KLV�QSE[¿ ÷�ø c�EdN�G[KREdI�KLC�Evb�QSG[KRGJN¡F�X[ILId¿ ù MOIKLC�E�F�X�TJN�ElKLMOZ å EdgOc¾IRKRQLEdN�T[KLC�¿ û ü MOIvKLC�E�F�X�T�_N�ElKLM{Z å EdgOc»Z�GJN�IRKLX[N�K�X[N�c ý MOI$KLC�E�F�X[ILI�c�EdNA_ILMOKai!G[WsKLC�E$F�Edc�MOV�Fvn�Ä�G[Q�b�C�iAILMOZlX[g�Z�GJN�c�MUKLMUGJN�Ib�QSElofX[MOg{MON�T�M{N¡KLC�E�gOG[]�EdI�G[W\QSX[c�MUG�TJX[gOXfh�MUEdI�KLC�Ec�GJFMON�X[NPKpKRElQSFkMOIyKLC�E9ÆsgOW�o�ôEdN�o[EdgOGmZlMUKßi[npÆxILILV�F´_MON�T�KßiPb�M{ZlX[gso�X[gOV�EdI�G[W ù ì Å � ¯������ ü BÌX[N�cý ì�Å � ¯�� � ï	� µPT�F ��
 jyE\G[]�KLX[MON7X[N�ÆxgUW�E¤ôN$o[E�_gUGAZlMUKßiqG[W�ò ó à ¥ � ¯����FqI����lnÇBDC�E�KLC�ElQSF�X[gIRGJV�N�c�IRb^ElEdc!Z�G[QLQLEdIRb^GJN�c�MON�TvKRG õPö ì È$µ[E��®�W�G[Q!è|Ë� vÐ[È[¥m¿�IRElE��eG[QLQSX[gOgElK�X[g�n ¯d°[°[ÅJ³�MOIî ð ì�¯�nç² � ¯����xFqI ��� X[N�c�ZlX[N]^EsN�ElTJgUEdZ�KREdc�n��eEZ�GJN�Zlg{V�c�E�KLC�X�K9ILV�]%IRGJN�MOZ9ä�G�j`IxZlX[N�GAZlZlV�Q9X�K`o[E�_gUGAZlMUKLMUEdI9G[WuXvW�Elj�b^ElQSZ�EdNPK|G[WyKLC�E�IRb^ElEdceG[Wyg{MUTJC�Kj`MOKLC�MON�Kaimb�MOZlX[g�Q�X[c�MUG�gUG[]^E9EdN�oAMUQLGJN�FHEdN�KLIdnyÉAMOF�MU_gOX�Q�gUi�C�MUTJC$]�X[ZSµPä�G�jÇIRb^ElEdc�I`C�Xdo[E´]^ElEdN�MON�W�ElQLQLEdcW�QLGJF�XsIRKLX�KLM{IRKLMOZlX[gAX[N�X[gUiAILMOIzG[W�KLC�Ezt�ElK��fZ�GJV�NPKRElQYtRElKX�QSFH_agUEdN�T[KLC�QSX�KLMUG�M{N�XHISX[FHb�gUE9G[W¤QSX[c�MUG´TJX[gOXfh�MUEdI]mivÉ�ZSC�EdV�ElQw®�¯d°[°[ÅJ³�nÆxILILV�FMON�T�]�X[ZSµPä�G�j�o[EdgOGmZlMUKLMOEdIzZlgUGJIRE�KRGsKLC�EpF�X�T�_N�ElKRGJILGJN�MOZ�IRGJV�N�c�IRb^ElEdc�X[N�c�Kaimb�MOZlX[g�IREdZ�GJN�c�X�QSigUG[]^E�gUEdN�T[KLC�I�G[WDX�W�EljkCPV�N�c�QLEdc�µAMOgUG[b�X�Q�IREdZHGJN�EQLEdÎmV�MUQSEdI�ä�G�j�KLMOF�EdI\MON�KLC�EG[Q�c�ElQ\G[WDX7W�Elj¸¯�� �imQuW�G[Q�F�X�KRKRElQ�KRG´ä�G�j¾W�QLGJFæKLC�E9Z�G[QLE|KRG´KLC�ExKLMUb�IG[W¤KLC�E?IREdZ�GJN�c�X�QLivgUG[]^EdIln�BDC�M{I�MOI�IRGJFHElj`C�X�K`gUEdILIKLC�X[NqKLC�EvKaimb�MOZlX[gDFXfhAMOFwV�F QSX[c�MUG�IRGJV�QSZ�E$g{MUW�E�_KLMOF�E�G[W à ¯���iPQdn��9N�E�ILC�GJV�gOceN�G[KRE�C�G�jyElo[ElQd¿KLC�X�K?KLC�MOI|MOI�X[N�G[b�KLMOF�MOILKLMOZwEdIRKLMOF�X�KRE[n�BDC�EHKRQSV�EgUG[]^E`gOEdN�T[KLC�IyX�QLExg{X�QLT[ElQyMOW�b�QLGftREdZ�KLMUGJNE��^EdZ�KLI�X�QLEKLX�µ[EdN(MONPKRG�X[ZlZ�GJV�N�KHjsC�MOZSC�jyGJV�gOc!MON�Z�QLEdX[IRE�KLC�EQLEdÎmV�MUQSEdc�ä�G�j*IRb^ElEdc�Iln ÆxgOIRG�¿�QSEdX[gHä�G�jsI�j`MOg{gGAZlZlV�QeX�KeIRb^ElEdc�I7ILGJFHElj`C�X�KegUG�j�ElQeKLC�X[N�ò ë MUWN�G�gOG�j�_ac�EdN�ILMUKai�ZlXdoAMUKßivE�hAMOILKLIDMON�KLC�E é Ë|Ê�� é É�Ê�n�9N�Z�E�KLC�E�]�X[ZLµmä�G�j`MON�T!F�X�KRKRElQvgUEdXdo[EdI�KLC�E�b�QSMU_F�X�QSi�gUG[]^EdI�X[N�cvC�X[IDKRG�b^EdN�ElKRQSX�KRE�MONPKRGHKLC�E�X[F´_]�MOEdN�K�FHEdc�MOV�F jyEeE�hmb^EdZ�K�KLC�E�ä�G�j KRG(]�E�c�E�_Z�EdgUElQ�X�KREdc¾]Pi¡QSX[F´_Áb�QLEdISILV�QLE[n��`EdX[gOMOIRKLM{ZlX[gOgUi(KLC�EQLEdÎmV�MUQSEdcrä�G�j¼KLMOF�EdI�j`MOgOgxKLCmV�I�]^E�ZlgOGJIRElQ$KRG¡XW�Elj ¯���eimQ$j`C�M{ZSC¾jyGJV�gOc¾F�X�µ[E�]�X[ZLµmä�G�j V�NA_gOMOµ[EdgUi�X[I´KLC�Evc�GJF�MON�X[N�KwW�G[Q�F�X�KLMUGJN�FHEdZSC�X[N�MOILFV�N�gUEdILI��`_aILC�X�b�EdcHILGJV�QSZ�EdI�b�QLG�o[E�KRG|]^EuV�NPV�ISV�X[gOgUiGJgOc#nxÆ�FHG[QLE´c�ElKLX[MOgUEdc�X[N�X[gUiAILMOIsG[WpKLC�EwQLEdÎmV�MUQLEdcä�G�jqKLMOFHEdI�jsMOgOgP]�Eub�QSEdIREdN�KREdcMON� uC�X�b�KRElQ ¢ X�W�KRElQIRb^EdZ�KRQSX[g�X�T[EdIuC�Xdo[E9]^ElEdN�c�ElKRElQSF�MON�Edc�W�G[QuX[g{g�KLC�EIRGJV�QSZ�EdIln
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ðpo[EdN5MONæKLC�E¹b�QLEdIREdN�Z�E¾G[W7IRG�WYX�QqV�N�c�ElKREdZ�KREdcZlg{V�IRKRElQ�EdN�oAMUQLGJN�FHEdN�KLI�KLC�E�]�V�G�iJX[N�Z�i.FHGmc�EdgxM{IX[g{IRG¡WYX[Z�Edc jsMUKLC»KLC�E�b�QLG[]�gOEdF G[WHQLElb�QSGmc�V�ZlMON�TKLC�E?IRKRQSMUµAMON�TwQLG[KLX�KLMUGJN�X[gzIRiAF�FHElKRQLi�G[Wm�`_aILC�X�b�EdcQ�X[c�MUG(TJX[gOXfh�MUEdIln<·uV�G�iJX[N�K�]^EdN�c�MON�T�j`M{gOgxGmZlZlV�QX[gOGJN�T�KLC�Eeb�X�KLC¹G[W´F�XfhAM{F\V�F*b�QSEdILILV�QLE�T[QSX[c�MU_EdNPKLIHj`MOKLC�MON�KLC�E$ZlgOV�IRKRElQ´TJX[Iln�BDC�ElQLEvMOI´N�G�G[]�_oAMUGJV�I$QLEdX[IRGJN»jsC�i.KLC�EdIRE�T[QSX[c�MUEdNPKLI$ILC�GJV�gOc¹]^EILimF�F�ElKRQSMOZ$jsMUKLC¡QSEdIRb^EdZ�K�KRG�KLC�E�QSX[c�MUG!IRGJV�QSZ�E[nB`C�E|KajyG�X[N�TJgOEdI�]^ElKajyElEdN$KLC�E�b�QSMOF�X�QLi�X[N�c$IREdZ	_GJN�c�X�QLi�gUG[]^EdIxG[WpX[Nl�s_aILC�X�b^Edc�IRGJV�QSZ�EHX�QLE´KßiPb�MU_ZlX[g{gUi?EonmV�X[g�KRG|j`MOKLC�MONIp´¯��^qfn é W%]�V�G�iJX[N�Z�i´j�GJV�g{c]^ExKLC�E9c�GJF�MON�X[NPKyW�G[QSFX�KLMUGJN�b�QLGAZ�EdILIyGJN�E9j�GJV�g{cE�hAb^EdZ�K9KRG å N�c�X�F�G[QLE´QSX[N�c�GJFÌc�MOILKRQSMU]�V�KLMOGJNvG[WKLC�EdIRE?X[N�TJgUEdIdné NPKRElQLEdIRKLMON�TJgOi3MONÇIRGJF�E¡IRGJV�QSZ�EdIr®�E[nçT�n ÐJ y²^�JÐJ³KLC�E�IREdZ�GJN�c�X�QLi�gUG[]^EdI�X�QLE�Z�GJN�ISMOc�ElQSX�]�gOij`MOc�ElQuX�K



+�+ rdsktcucv�w7xGy z|{}xk~�t�vm�o{}��{}z Ñ9Ò�� sktcu7w|� � { Ó x"r�w ��Ò u)tcx:v��
KLC�EdMUQyKLMUb�I�KLC�X[N�ZlgUGJIRExKRGwKLC�ExZ�G[QLExj`C�M{ZSC�MOIpjsC�X�Kj�GJV�g{c7]^E´E�hAb�EdZ�KREdc�W�G[Q�X[N�]�V�G�iJX[N�K|E�hAb�X[N�c�MON�T]�V�]�]�gOE[n?Æsc�MOX�]�X�KLMOZwE�hAb�X[N�ILMUGJN�jyGJV�gOceX[gOILG�gOEdX[cKRG9X9ILC�MUW�K�G[W�KLC�E�IRiAN�Z�C�QLG[KRQLGJN´IRb^EdZ�KRQSV�F3KRG�juX�QSc�IgUG�jyElQ`W�QLEonmV�EdN�ZlMUEdI@®Á �X�QSMOgOgOM%ElK`X[g�ns¯d°[°A¯�³DX[N�cvMOKLIå N�T[ElQLb�Q�MON�KuILC�GJV�gOc]^E9oAMOILMU]�gOEsc�V�Q�MON�T´XHIRb^EdZ�KRQSX[gX[N�X[gUiAILMOIln�eE\Z�GJN�ZlgOV�c�E|KLC�X�K`]%V�G�iJX[N�Z�i�j`M{gOg^MON�ä�V�EdN�Z�E|KLC�EgOX�QLT[E�ILZlX[gUE�IRKRQSV�Z�KLV�QSEwG[WyQSX[c�MOG�TJX[g{XfhAMUEdI�À�Â�����MONc�EdN�IREeZlgOV�ILKRElQvEdN�oAMUQLGJN�F�EdN�KLIe®YgOMUµ[EeMON.KLC�E�ZlX[ILEG[W�ZlgOV�IRKRElQ���Æ£BÕIRGJV�QSZ�EdI	³�n é NkG[QSc�ElQ(KRG@QLE�_b�QLGAc�V�Z�E��s_aILC�X�b^Edc7FHG[QLb�C�GJgOG[TJMUEdI`]miv]�V�G�iJX[N�Z�iW�G[QSZ�EdI�X[gUGJN�E£jyGJV�gOc�X[g{IRG�QLEonmV�MUQLE£X[N�V�N�gOMUµ[EdgUi`Z�GJN�_å TJV�QSX�KLMUGJN$G[W�KLC�E é É�Ê�� é Ë|Ê�n
¦�§/� ���A�����^�A2��K����5��[©����2�5�� ¨Q��©)� ���^���6���������2�5
Æ N�X�KLV�QSX[gxjyX�i.KRG(E�hAb�gOX[M{NrKLC�E�b�QLEdIREdN�Z�EeG[WwXb�X[MUQG[W�ILEdZ�GJN�c�X�QLiqQ�X[c�MUG�gUG[]^EdI�MOIX�ZSC�X[N�T[E�G[WKLC�E�t�ElK�_aXfh�MOI7X�K$IRGJFHE�b^GJMONPKvMON¹KLC�E�C�MOILKRG[QLi¡G[WKLC�E�ILGJV�QSZ�E[n�BDC�E�ILEdZ�GJN�c�X�QLi�gOG[]�EdI\jyGJV�gOc�KLC�EdNILMOFHb�gOi�]^E?KLC�E?QLEdgOM{Z|EdF�MOILISMUGJNvG[W�KLC�E\b�QLEloAMUGJV�ILgOiX[Z�KLMUo[EHQSX[c�MUG�gUG[]^EdIln9·�EdZlX[V�IRE´QSX[c�MUG�t�ElKLI|X�QLEw]^E�_gOMUElo[Edc|KRGDEdF�ElQLT[EpX[gUGJN�T`KLC�E�IRb�MON|Xfh�MOI^G[WAKLC�EpFX[I�_ILMUo[E�Z�EdN�KRQSX[gu]%gOX[ZLµ�C�GJgUE[¿�X7F�EdZSC�X[N�M{ILF�IwW�G[Q`tRElKQLEdX[gOMUTJN�F�EdN�KuF\V�IRKyV�gUKLMOF�X�KREdgUiHE�hAb�gOX[M{NX´ZSC�X[N�T[EG[WpKLC�EHIRb�M{N�X[N�TJV�g{X�Q9F�GJFHEdN�KLV�F¶G[W�KLC�E´Z�EdN�KRQSX[gF�X[ILILMUo[E�G[]At�EdZ�Kln¸Ä�V�QLKLC�ElQSFHG[QLE[¿|KLC�E�tRElK$QLElG[Q�Mº_EdN�KLX�KLMUGJN¡F\V�ILK\GAZlZlV�Q�MON!X�KLMOFHEdILZlX[gUEvgUEdISI\KLC�X[NKLC�E�g{MUW�ElKLM{FHE$G[W�KLC�E�IRGJV�Q�Z�E[n3B�jyG!ISV�ZSC.FHEdZSC�_X[N�MOILF�I�C�X�o[E7]^ElEdNrb�QLG[b^GJIREdc.X[N�c¡jsMOgOg�]^E7c�MOI�_ZlV�ILIREdc»M{NrKLC�EeW�GJgOgOG�j`MON�T�Kßj�G.IREdZ�KLMUGJN�Il�(X[ZlZ�QLE�_KLMUGJN�G[W�F�X�KRKRElQ¤j`MUKLC�G[QL]�MUKLX[gJX[N�TJV�gOX�Q�F�GJFHEdN�KLV�FF�MOILX[gOMOTJN�Edc´j`MUKLC´KLC�EsIRb�MONwG[W^KLC�E`·uÍ.G[Q�X[gUKRElQ�N�Xf_KLMUo[EdgUiHX�]�M{N�X�QLiw]�gOX[ZLµ�C�GJgUE\®Y·u·uÍ9³pMONHKLC�ExZ�EdN�KRElQG[W¤KLC�E�C�GJIRKDTJX[gOXfhAi[n
,)����� " �j A¡o¡E¢�£¥¤§¦^¦^£¨¢�¡¨©/ª�«
BDC�EsZ�GJNPKLMONmV�GJV�I�c�MOIRb^GJILMUKLMOGJN´G[W#F�X�KRKRElQ�ZlX�QLQLiAMON�TX[N�TJV�gOX�QeFHGJFHEdNPKLV�F KLC�X�KeMOI�F�MOILX[g{MUTJN�Edc»jsMUKLCKLC�ErIRb%MONÇX[N�TJV�gOX�Q�FHGJFHEdNPKLV�F G[W�KLC�ErZ�EdN�KRQSX[g]�gOX[ZLµHC�GJgOEDj`MOgOg�V�gUKLMOF�X�KREdgUiwQLEdX[gOMOTJNHKLC�E`IRb%MONHXfhAM{IG[WwKLC�E�·uÍ?nxÉ�V�ZSC»X¡F�MOILX[gOMOTJN�FHEdNPK�G[WHX[N�TJV�gOX�QFHGJFHEdNPKLV�F ZlX[N(GAZlZlV�Q�MUWsKLC�EvC�GJIRKHTJX[gOXfhAi!C�X[IQLEdZ�EdN�KLgOiqV�N�c�ElQLT[GJN�E7FHElQLTJM{N�T�j`MUKLC¡X�Z�GJFHb%X[NA_MUGJN�TJX[gOXfhAi[n$BDMOc�X[g�W�G[QSZ�EdI\j`MOg{g£IRElo[ElQLEdgUiec�MOILKLV�QL]KLC�E\MON�MUKLMOX[g é É�Ê c�MOIRKRQ�MU]�V�KLMUGJN�G[W£KLC�E\C�GJIRKsj`C�MOZ�CZlX[N�Z�C�X[N�T[EwKLC�E\X[N�TJV�gOX�QsF�GJFHEdN�KLV�F<G[W�F�X�KRKRElQ

WYX[gOgOMON�T`GJNPKRG|KLC�EDX[ZlZ�QLElKLMUGJN�c�MOIRµ�ILV�QSQLGJV�N�c�M{N�TDKLC�EZ�EdNPKRQSX[g^·uÍ?nA�9N�KLC�E`G[KLC�ElQ�C�X[N�cKLC�EsW�QSEdILC�gUiHc�E�_b^GJILMUKREdc�F�X�KRKRElQ|G[W�KLC�EwFHElQST[EdceZ�GJFHb�X[N�MUGJN7j`MOg{gX[gOF�GJIRKeZ�ElQLKLX[MON�gUi3C�Xdo[Eqc�M¬��ElQLEdNPK�X[N�TJV�gOX�QeFHG�_FHEdNPKLV�F�KLC�X[N´KLC�E é É�Ê M{N?KLC�E�C�GJILK£TJX[gOXfhmi\b�QSMUG[QKRGeKLC�E$F�ElQLT[ElQdn�ð�o[EdNPKLV�X[gOgUi�KLC�MOI´TJX[IHj`M{gOg�ISMON�µMONPKRG�KLC�E�T[Q�XdoAMUKLX�KLMUGJN�X[g�Z�EdNPKRElQ�X[N�c!j`MOgOg�QLEdX[gOMUTJNKLC�E\IRb�MON�G[W£KLC�E\Z�EdN�KRQSX[g¤·uÍ�omMOXX[ZlZ�QLElKLMUGJN�n�BDC�EKLMOF�EdILZlX[gUE´GJN�j`C�MOZ�C�KLC�EHIRb�MON�Xfh�MOIx]^EdZ�GJFHEdI|QLE�_X[gOMOTJN�Edc�j`MOKLC�KLC�ExX[N�TJV�gOX�QuFHGJFHEdNPKLV�F�o[EdZ�KRG[Q�G[WKLC�E�c�MOIRKLV�QS]�Edc9X[ZlZ�QLElKLMOGJN?ä�G�j�MOIzC�G�jyElo[ElQ£N�G[KzMOF´_FHEdc�MOX�KREdgUiG[]moAMUGJV�Iln�Æsb�X�QLK�W�QLGJFkoAMOILZ�GJILMUKßi[¿�KLC�X�Kj`M{gOgsgOEdX[c¾KRGqX(GJV�KßjyX�QSc»KRQSX[N�IRb^G[QLK�G[W´X[N�TJV�gOX�QFHGJF�EdN�KLV�F G[WHKLC�E�X[ZlZ�QSElKREdc�FX�KRKRElQ7GJN�E!X[gOIRGC�X[IDKRGKLX�µ[E\M{N�KRGX[ZlZ�GJV�N�KxKLC�E�T[EdN�ElQ�X[g#QLEdgOX�KLMOomMOIR_KLMOZ  EdN�IRE�_aBDC�MOQLQSMON�T�E���EdZ�Kln  EdN�IRE>9 BDC�MUQLQ�MON�T®�¯d°A¯d±J³xC�X�o[E\b^GJMONPKREdc$GJV�KsKLC�X�K9X�QLG[KLX�KLMON�T�F�X[ILI®�E[nçT�n�X<|ElQLQ´]�gOX[ZSµ!C�GJgUE�³?b�QLGAc�V�Z�EdI´X�T[QSXdoAMUKLXf_KLMUGJN�X[g å EdgOc�KLC�X�K´MOI?N�G[KwIRb�C�ElQ�MOZlX[gOgUi�IRiAF�FHElKRQSMOZX[N�c�KLC�X�KDgOEdX[c�IyKRG�XwZ�GJV�b�gOMON�T\]^ElKajyElEdNvKLC�E|IRb�MONG[WuKLC�E�·yÍ5X[N�c�KLC�E�X[N�TJV�gOX�Q?F�GJFHEdN�KLV�F G[W�X[NG[QL]%MUKLMON�T9F�X[ILIln£Ä�G[Q�G[QL]�MUKLI£N�G[K�MON´KLC�E�EonmV�X�KRG[QSMOX[gb�g{X[N�E[¿PKLC�E�Z�EdN�KRQSX[g�·uÍ j`MOgOg%E�hmElQSKuX´KRG[Q®nPV�E9GJN¥iX[N�c�j`MOgOg�E�hAb^ElQSMUEdN�Z�E�X[N�EonmV�X[gpX�]�ILGJgOV�KRE�KRG[Q¯nmV�E]mi°i�KLC�E�KREdIRKwb�X�QLKLMOZlgUE[n7 uGJN�IREonmV�EdN�KLgOi[¿¤KLC�EG[QR_]�MOK�G[W�KLC�E!b�X�QLKLM{ZlgUE�X[N�c3KLC�E!QLG[KLX�KLMUGJNÇXfh�MOI7G[WKLC�E\F�X[ILI�j`M{gOg�V�N�c�ElQST[GHb�QLEdZ�EdILILMOGJN�npBDC�E  EdN�IRE�_BDC�MUQLQSMON�T`E��^EdZ�Kpb�QLG�omM{c�EdI£X�FHEdZ�C�X[N�MOILF�KLC�X�KpZlX[NQLEdX[g{MUTJN�KLC�E�IRb�M{N�Xfh�MOI?G[W�KLC�E�Z�EdNPKRQSX[gu·uÍ FHG[QLEQSX�b%MOc�gUi�KLC�X[N�oAMOILZ�GJILMUKßi�X[gUGJN�E[n|·uX�QSc�ElEdN>9²±¤ElK�_KRElQSILGJN�®�¯d° ¢ ÅJ³uC�Xdo[E�X�b�b�gOMUEdcKLC�MOIuZ�GJN�Z�Elb�K�KRGHX[Z	_Z�QLElKLMOGJN�c�MOILµmIDX�QSGJV�N�c$QSG[KLX�KLMON�T]%gOX[ZLµvC�GJgUEdIw®YIRElEX[gOILG��O�`ElEdI�¯d° ¢ ±m¿��`ElEdI�¯d°[±f²�¿�É�ZSC�EdV�ElQ³9kÄ�EdMOgUElQ¯d°[°[¥m¿�ÆsQSF�MOKLX�T[E�93èxX�KLX�QSX�tLX[N�¯d°[°[°m¿�èxX�KLX�QSX�tLX[N9.ÆsQSF�MUKLX�T[E|¯d°[°[°J³�n�Æ¡ILElTJFHEdN�K�G[W%KLC�E�X[ZlZ�QLElKLMUGJNc�M{IRµ�KLC�X�KwC�X[I\X[N�TJV�gOX�QwF�GJFHEdN�KLV�F FMOILX[gOMUTJN�Edcj`MOKLC�KLC�E·uÍkIRb�MON�Xfh�MOI|j`MOg{g�E�hAb^ElQSMUEdN�Z�E  EdN�IRE�_BDC�MUQLQSMON�T?b�QLEdZ�EdISILMUGJN�j`MUKLC�X[N�TJV�gOX�Q�o[EdgUGAZlMUKßi�G[W��
´ W ÈKµ ] ��
 ®�Åmnþ¥J³

j`C�ElQLE:µc�EdN�G[KREdI�KLC�EyX[N�TJV�gOX�QzF�GJFHEdN�KLV�F G[WAKLC�E·uÍ\n%BDC�E\c�M¶�^ElQLEdN�KLM{X[g^b�QLEdZ�EdILILMOGJN$j`MOg{g�M{N�KRQLGAc�V�Z�EX�jyX�QSb�M{N$KLC�E´X[ZlZ�QLElKLMUGJNec�M{IRµ%nxÆsIxjuX[Ixb�GJM{N�KREdcGJV�Kx]mi7·uX�QSc�ElEdN9·±¤ElKRKRElQSIRGJNq®�¯d° ¢ ÅJ³xKLC�ElQLE´E�hP_MOILKLI£X�Z�QSMUKLMOZlX[g�QSX[c�MOV�I ]E¸ X�Kpj`C�MOZ�C´KLC�E`MON�WYX[gOgmKLMOFHE@º¹¶» ® ] ³?G[WsF�X�KRKRElQ�GJNPKRGeKLC�E�]�gOX[ZSµ�C�GJgOE�M{I\EonmV�X[gKRG(KLC�EeG[QS]�MUKLX[g9KLMOFHE @*¼ a ¸ ® ] ³�n5Ä�G[Q�G[QS]�MUKLI�j`MUKLC
]¾½·]E¸ KLC�EvZ�GJF?]�M{N�Edc�MON�ä�V�EdN�Z�EG[Wsc�M¶��ElQSEdN�KLMOX[g



y �À¿ Á^Â¨ÃÁÒ8Ä%Â # Ä¯Å/Â ' Ã & ÃÆÅ #¨'>ÇjÈ Â &�ÉXu Ä�Â ( Â%Ê	Ê	Å #¨' +)Ë
b�QLEdZ�EdILISMUGJN¾X[N�c.omM{ILZ�GJILMUKßirgUEdX[c�I�KRGqX(c�EdZlX�irG[WKLC�E|juX�QLbvX[N�c�EdN�ILV�QLEdIyKLC�E�X[g{MUTJN�FHEdNPK�G[W�KLC�E|MONA_N�ElQ9c�MOIRµ�j`MUKLC�KLC�E?EonmV�X�KRG[QSMOX[g�b�gOX[N�E�G[W£KLC�E\·uÍ\¿MUQLQLEdILb�EdZ�KLMOo[E�G[W|KLC�E�MONA_ÁWYX[gOgOMON�TeF�X�KRElQ�MOX[g�ÿÜI�G[QSMUTJMº_N�X[g£X[N�TJV�g{X�Q?FHGJFHEdNPKLV�FvnHÄ�G[Q ]QÌÍ]�¸ KLC�EHb�QLE�_Z�EdILILMUGJN.ZlX[Nr]�V�MOgOc�V�b¡G�o[ElQvIRElo[ElQSX[gsG[QL]�MUKLI�X[N�cKLC�E`c�M{IRµ?j`M{gOgAc�Elo[EdgUG[bX�ILKLX�]�gUEDgOX�QLT[E�_aISZlX[gUEDjuX�QLb#nBDC�E|juX�QLb^Edcvc�MOIRµ�E�hmElQSKLI`X´KRG[Q¯nmV�E�GJNvKLC�E|]�gOX[ZLµC�GJgUEvX[N�c(ZlX[V�ILEdIHMUK´KRGeb�QLEdZ�EdILIln!BDC�Evc�MOILµ�F�Xf_KRElQSMOX[gDX�K�gOX�QLT[EvQSX[c�MOMub�QLG�omMOc�EdIHX�gOX�QLT[E�X[N�TJV�gOX�QFHGJFHEdNPKLV�F¼QSEdIRElQLo[GJMUQ�jsC�MOZSC�Elo[EdNPKLV�X[gOgOi�ZlX[V�IREdIX7Z�C�X[N�T[E�G[WDKLC�E�IRb�M{N�Xfh�MOI?G[W�KLC�E�·uÍ5KRG�jyX�QSc�IKLC�EDc�MUQSEdZ�KLMUGJN´G[W%KLC�EDX[N�TJV�gOX�Q�FHGJF�EdN�KLV�F�o[EdZ�KRG[QG[W¤FMOILX[gOMUTJN�Edc�GJV�KRElQ`c�MOIRµ�n£ÆsNvX[N�X[gUiPKLM{ZlX[g�ZlX[gOZlVA_gOX�KLMUGJN¡G[W|KLC�E�KLMOF�EdILZlX[gUE�GJN¡j`C�MOZ�C(KLC�E�IRb�MON(G[WKLC�Ev·uÍ5j`MOgOg�]�E�QLEdX[gOMOTJN�Edc�C�X[Iw]^ElEdN�b�QLEdIREdNPKREdc]Pi�ÉAZ�C�EdV�ElQO9ÇÄ�EdMOgUElQ´®�¯d°[°[¥J³DM{N�KLC�E?X�b�b�QSGdh�MOF�Xf_KLMUGJN$G[W£ILFX[gOg#X[N�TJgUEdID]�ElKßj�ElEdN7KLC�E�Kßj�G�MONPo[GJgUo[EdcX[N�TJV�gOX�Q|FHGJF�EdN�KLV�F¸o[EdZ�KRG[QSIdn�BDC�E?KLM{FHEdILZlX[gUE´MOITJMUo[EdN�®�W�G[Q`X�FXfhAMOFX[gOgUiQSG[KLX�KLMON�T�·uÍ9³DX[Il�

@ a*Î ì¾Ð�Ï ÐÏ
Y V"ÑVcÒ ó a ø Z �ÔÓ ï ®�Åmn ¢ ³

j`C�ElQLE Ï c�EdN�G[KREdI�KLC�ErF�X[ILI�G[W�KLC�Er·yÍ\¿ ÐÏMOI�KLC�EqF�X[ISI�X[ZlZ�QLElKLMUGJN@QSX�KRE[¿�V"Ñ�ì|È^Õ Ï g î ï MOIKLC�E�ÉAZSCPjuX�QLÏdILZSC�MOgOc�QSX[c�MOV�Id¿�X[N�cMVcÒ ó a ø c�EdN�G[KREdIKLC�E�QSX[c�MOV�I¹G[W�KLC�E�juX�QLb#n Ä�G[Q3KßiPb�M{ZlX[geb�Xf_QSX[FHElKRElQSI�® Ï ì ¯�� � Ê°Öy¿ ÐÏ ì ÐÏM× ì|Ð[Ê�Ö¤imQ����l¿V Ò ó a ø ìH¯����VOÑ�³|KLC�E�QSEdX[gOMUTJN�FHEdNPK?KLM{FHEdILZlX[gUE�MOIG[W´KLC�E�G[QSc�ElQ7G[Wv¯���eiPQ�n<Ä�G[Q�X[ZlZ�QLElKLMUGJN»Q�X�KREdI]^EdgUG�j»KLC�Eµðpc�c�M{N�T[KRGJNvgOMOF�MOK ÐÏ × KLC�E|KLMOFHEdISZlX[gUEdI]^EdZ�GJFHE�IRGJFHElj`C�X�KugOGJN�T[ElQ?® @ abÎ ì¾Ð � ¯�� � iPQuW�G[QÐÏ ìO�AnO¯ ÐÏØ× ³�n èxX�KLX�QSX�tLX[Nj9 ÆsQSF�MUKLX�T[E.®�¯d°[°[°J³C�Xdo[EvG[]�KLX[MON�Edc!EdILIREdNPKLMOX[gOgUi�MOc�EdNPKLMOZlX[gpQSEdILV�gUKLI\]PiNPV�FHElQSMOZlX[gOgOi¹ILGJgUomM{N�T¡XrT[EdN�ElQSX[gOMUÏlEdc�o[ElQSISMUGJN G[WKLC�EwÉAZ�C�EdV�ElQk9�Ä�EdMOgUElQDEonmV�X�KLMUGJN�Ilné NeISV�F�F�X�QLivKLC�E´Z�C�QLGJN�GJgOG[T[i7G[W�KLC�MOIxb�QLGAZ�EdILI9MOIX[IDW�GJgOgUG�j`Il�
�¾Ù £¨¢�¦^¢KÚEÚE©8ª-« � �9N�Z�EqKLC�E¡MON�_ÁW�X[gOg{MON�T¹F�X�K�_KRElQ�QLEdX[ZSC�EdI�QSX[c�MOM|Z�GJFHb�X�QSX�]%gUE�KRG¡KLC�E�QSXf_c�M{V�I#G[W%KLC�E�GJV�KRElQ�X[ZlZ�QSElKLMUGJNHc�MOIRµ|KLC�E  EdN�IRE�_BDC�MUQLQSMON�T�E���EdZ�K?j`MOgOg�MON�c�V�Z�E´X�b�QLEdZ�EdILISMUGJN�X[gFHG[KLMOGJN G[W�KLC�E�Z�EdN�KRQSX[g�·yÍ X[N�c Z�GJN�IRE�_nmV�EdNPKLgUi�G[W�KLC�EytRElK`Xfh�MOIln
�¾Û ¢K -Ü8©8Ý�«�ÞM¢�«�¡ �²ß Elb^EdN�c�MON�T�GJN.KLC�E�Z�GJNA_å TJV�QSX�KLMUGJN ®YF�X[ILIeX[N�cÇX[ZlZ�QLElKLMUGJNÇQSX�KRE�³7G[W

KLC�EDZ�EdNPKRQSX[g�EdN�TJM{N�E�KLC�E`·uÍ.j`MOgOgP]^EdZ�GJFHEDQLE�_X[gOMUTJN�Edc�jsMUKLC�MON�¯���9KRG7¯�� � i[EdX�Q�Iln
,������áà â ¢�«�¡E£¨ �Ü|ã;©ä«� A£�å\ãPÜ/ �¦�æèç�ª-Ü8¢�Ú
B`C�Esb^GJILISMU]�MOgOMOKaiwKLC�X�KDÆ`Ë9è�F�MUTJCPKyZ�GJNPKLX[MONvF�X[I�_ISMUo[E�]�MON�X�QLie]%gOX[ZLµ!C�GJgUEdI$®Y·u·uÍ9³\juX[I å QSILK\b�QSG�_b^GJIREdc7]mi�·yElT[EdgOF�X[N�ElK|X[g�n£®�¯d°[±���³9X[N�c�MOIptRV�ILKLMº_å Edc\]mi?Kßj�G|jsMOc�EdgUi|X[ZlZ�Elb�KREdc�X[ISILV�FHb�KLMOGJN�Il�#KLC�X�KF�GJIRK�TJX[gOXfh�MUEdI�Z�GJNPKLX[MON3FX[ILILMUo[E!Z�EdN�KRQSX[gw]�g{X[ZLµC�GJgUEdIpX[N�c�KLC�X�KpTJX[gOXfh�MUEdI�W�QSEonPV�EdNPKLgUi´FHElQLT[E[n�BDC�EILb�MONXfh�MOI�G[W#EdX[ZSCv·uÍ j`MOgOg�KLC�EdN�V�N�c�ElQLT[GwT[ElGmc�E�_KLM{Zub�QLEdZ�EdILILMOGJNHX�]�GJV�K£KLC�E�KRG[KLX[g�X[N�TJV�gOX�Q�FHGJFHEdNA_KLV�F»G[WAKLC�Ep]%MON�X�QLi9IRiAIRKREdF»j`MOKLC|KLC�Epb�QLEdZ�EdILILMUGJN�X[gb^ElQSMOGmc|G[W�KLC�EyF�G[QLEyFX[ILILMUo[Eu·uÍ(TJMUo[EdN´X[I�®ä�`GPGJI¯d°[±[±J³��

@ ø a*Îºé ì¾°�êþÐ � ¯�� � ]ë Ó ï�ì ��� Ï ��
	Ó ï� í imQbîÌ®�Åmnþ±J³
jsC�ElQLE ì MOI�KLC�E�F�X[ILI\QSX�KLMUG ÷ � � Ï � G[W�KLC�EKßj�G]%gOX[ZLµ�C�GJgUEdIq® Ï � ]^EdMON�T.KLC�E(]�MUT[T[ElQ�F�X[ISIeE�hP_b�QLEdILIREdc7MON$V�N�MOKLI�G[WD¯�� � Ê�Ö£³DX[N�c ] c�EdN�G[KREdI`KLC�EG[QS]�MUKLX[g[QSX[c�MOV�I�MON|b%X�QSIREdZ�n�ÆsILISV�F�MON�TuKLC�X�K�KLC�E�QSXf_c�MUG�t�ElKLI£EdF�ElQLT[EDX[gUGJN�T|KLC�E�IRb%MON´XfhAMOI�G[W�KLC�E�FHG[QLEFX[ILILMUo[E�·uÍ KLC�E!b�QLEdZ�EdILISMUGJN�X[g´FHG[KLMUGJN�ILC�GJV�gOcFX[N�MUW�EdIRKHMUKLIREdgUW`M{N!X�gOX�QST[E�_aILZlX[gUEv]^EdX[F QLElG[QSMUEdN�_KLX�KLMOGJN�nd�.C�ElKLC�ElQpG[QpN�G[KpKLC�MOI�E��^EdZ�K�ZlX[NX[ZlZ�GJV�N�KW�G[Q�KLC�E�W�G[QSF�X�KLMOGJN´G[W%KLC�E:�s_aILC�X�b^Edc´QSX[c�MUG9TJX[gOXfhP_MOEdI¤c�Elb�EdN�c�IzZ�QSMOKLMOZlX[gOgUi|GJNwKLC�EyElo[GJgOV�KLMUGJN´X[N�c´IRKLXf_]%MOgOMUKßi�G[W�KLC�E|]�MON�X�QSi�IRiAIRKREdFvnB`C�E�W�G[Q�F�X�KLMUGJN�X[N�c´Elo[GJg{V�KLMUGJNHG[W^X|]�MON�X�QLi?]�g{X[ZLµC�GJgUE`IRiAIRKREdFæC�X[I�]^ElEdNc�EdILZ�QSMU]^Edc´E�hAKREdN�ILMUo[EdgUiH]mi·yElT[EdgOFX[N?ElK¤X[g�nm®�¯d°[±���³y®YIRElEyX[gOIRGk�`GPGJIy¯d°[±A¯�³�n£Æ]%MON�X�QLi´]�gOX[ZSµC�GJgUExj`MOg{g�W�G[Q�FæM{NX´FHElQLT[ElQuG[W#Kßj�GTJX[g{XfhAMUEdI$j`C�MOZ�C¾]^G[KLC¾Z�GJN�KLX[MON3XqZ�EdNPKRQSX[g�]�g{X[ZLµC�GJgUE[nDBDC�E?ISC�QSMON�µAMON�T´G[W£G[QL]%MUKLI?®�KLC�X�K9MOIDKLC�E\gUGJILIG[W�G[QL]%MUKLX[g#X[N�TJV�g{X�Q`FHGJFHEdNPKLV�F�³uM{I�T[G�o[ElQSN�Edc7]miKLC�QLElE?b�QSGmZ�EdILILEdIl��c�imN�X[F�MOZlX[g�W�QSMOZ�KLMUGJN#¿�IRKLX�QxE�t�EdZ	_KLMOGJN$X[N�cvT[QSX�omMOKLX�KLMUGJN�X[g�QSX[c�MOX�KLMUGJN�nÆuK�gOX�QLT[E!IRElb�X�QSX�KLMOGJN»QSX[c�M{M�c�iAN�X[F�MOZlX[g|W�QSMOZ�KLMOGJNG[W|KLC�E�c�EdN�IRE�IRKREdgOgOX�Q�ZlgOV�IRKRElQSI�ILV�QLQSGJV�N�c�MON�T7KLC�EKßj�Gv]%gOX[ZLµ�C�GJgUEdI9gUEdX[c�I9KRGvFHElQLTJM{N�T�G[WpKLC�EHZ�G[QLEdIjsMUKLC�MON�XeKLMOF�EdILZlX[gUE$G[W´¯�� � imQdn¡BDC�E$gOEdILI�F�X[I�_ISMUo[E�·uÍæZ�GJNPKLMONmV�EdI|KRG�ISMON�µ�KRG�jyX�Q�c�I�KLC�E�Z�EdNPKRElQG[WyKLC�E�N�EljsgUi$W�G[QSFHEdceZ�G[QLE�V�N�c�ElQ9KLC�E�MON�ä�V�EdN�Z�EG[W#c�imN�X[FMOZlX[g�W�QSMOZ�KLMUGJNV�N�KLM{g�KLC�EsKajyG\]�g{X[ZLµ�C�GJgUEdI]^EdZ�GJFHE�]^GJV�N�crX�K�KLC�E7QSX[c�MOV�I ]�¸ nÇÆxIKLC�E�]%Mº_N�X�QLi�IRiAIRKREdF ]^EdZ�GJFHEdIHC�X�Q�c�ElQ�X[N�c!KLC�EvG[QL]�MOKLX[gb^ElQSMOGmc|]^EdZ�GJFHEdI�ILC�G[QLKRElQ�KLC�E�gUGJILI�G[W�X[N�TJV�gOX�Q�FHG�_F�EdN�KLV�FÌc�V�E\KRGvc�iAN�X[F�MOZlX[g�W�QSMOZ�KLMUGJN7Elo[EdN�KLV�X[gOgUi



+�ï rdsktcucv�w7xGy z|{}xk~�t�vm�o{}��{}z Ñ9Ò�� sktcu7w|� � { Ó x"r�w ��Ò u)tcx:v��
Z�EdX[IREdIlnsB`C�MOIDMOI`]^EdZlX[V�IRE?KLC�E?KRQSX[N�ILW�ElQsG[W�EdN�ElQLT[iW�QLGJF�KLC�E�]�MON�X�QLi\IRimILKREdFÇKRG�X å EdgOcHIRKLX�Qp]�EdZ�GJF�EdIMON�E�ðZlMUEdNPK�MUW�KLC�E�EdN�Z�GJV�NPKRElQ�gOX[IRKLI�gUGJN�T[ElQ�KLC�X[NGJN�E�G[QL]%MUK ®YÍsElT[TJMUE�¯d° ¢ ÅJ³�nñ�¹C�EdNqKLC�E7]�MON�X�QSiIRElb�X�QSX�KLMUGJN�MOIDX�b�b�QSGJX[ZSC�MON�THKLC�E�ZlV�IRb$Q�X[c�MOV�I��	�

]�ò ì�¯���ê ¢ Ï �ó ïï üRü í b�Z%î ®�Åmnþ°J³
KLC�E�c�GJF�MON�X[N�Kyb�QLGAZ�EdILIuKRGHE�hAKRQSX[Z�KDG[QL]�MOKLX[g�X[N�TJVA_gOX�Q�FHGJFHEdNPKLV�F MOI9IRKLX�Q|E�tREdZ�KLMUGJN�nHÉmKLX�QSI9b�X[ILISMON�TKLC�E]�M{N�X�QLi�GJN�Z�ElQLKLX[M{N�¿£IRG7ZlX[gOgOEdc�gUGJILI\Z�GJN�E�G[QR_]�MUKLIl¿Aj`MOg{g%]^E9E�tREdZ�KREdc�X[N�c�j`M{gOg^ZlX�QLQLi�G���]�M{N�c�MON�TEdN�ElQLT[i�KLC�X�K�j`M{gOgugUEdX[cqKRG�WYV�QLKLC�ElQ�ILC�QSMON�µmMON�T7G[WKLC�Ev]�MON�X�QSi�G[QL]�MUKln�BDC�E å N�X[guX[N�c�QSX�b�MOc!b�C�X[IREG[W¤KLC�E?]�MON�X�QLiElo[GJgOV�KLMUGJNv]^ElTJMON�I�jsC�EdNvKLC�E�G[QS]�MUKILC�QSMON�µmI\KRG�X�QSX[c�MOV�Iwj`C�ElQLE�T[Q�XdoAMUKLX�KLMUGJN�X[g�Q�X[c�Mº_X�KLMUGJN!]�EdZ�GJF�EdI\c�GJFMON�X[NPK\X[N�c�KLC�E]%gOX[ZLµ�C�GJgOEdIå N�X[gOgUiHZ�GJX[gUEdISZ�E[n7�eE|ZlX[NvILV�IRb^EdZ�K�KLC�X�KuKLC�E å N�X[gFHElQLTJMON�TvG[WyKLC�E�]%gOX[ZLµ�C�GJgUEdI|jsMOgOg¤ZlX[V�IREXvQ�X�b�MOcQLEdX[gOMUTJN�F�EdN�K�G[WKLC�E(IRb%MON Xfh�MOI�G[WKLC�E(FHElQST[Edc]�gOX[ZLµvC�GJgOE[n�.C�ElKLC�ElQ`G[QsN�G[K`KLC�E?Z�EdNPKRQSX[g�·y·uÍÇZlX[N7X[ZlZ�GJV�N�KW�G[Q´KLC�E�W�G[Q�F�X�KLMUGJN!G[Wô�s_aILC�X�b^Edc!QSX[c�MUG7TJX[gOXfhAMOEdIc�Elb^EdN�c�I^GJN�jsC�MOZSC9KLM{FHEdILZlX[gUEdIzKLC�EpILC�Q�MON�µAMON�T�X[N�cå N�X[g�FHElQLTJM{N�THG[W�KLC�E|]�MON�X�QSi�IRiAIRKREdF5GAZlZlV�QSIlné N�ILb�EdZ�KLM{N�T�õ7n%n�®�Åmnþ±J³#MUK¤MOI#G[]moAMUGJV�I#KLC�X�K�W�G[Q¤g{X�QLT[Eb�G[QSKLMUGJN�I^G[WAKLC�EpFHElQSTJMON�T�Elo[EdNPKu®�KLC�X�K�MOIl¿�W�G[Q�g{X�QLT[EIRElb�X�QSX�KLMUGJN»QSX[c�MOMsG[W\KLC�EeKajyGq]�gOX[ZSµrC�GJgUEdI	³�KLC�Eb�QLEdZ�EdILILMOGJN�b^ElQSMOGmc�MOI�FwV�Z�C�KRGPGHgUGJN�T�®YZ�GJFHb�X�QLEdcKRG�Kaimb�MOZlX[gsIRGJV�QSZ�E7gOMUW�ElKLMOFHEdI�³?KRG�ZlX[V�IRE�X[NPi(G[]�_IRElQLo�X�]�gUEuZlV�QLo�X�KLV�QLEuG[W�KLC�E�gOX�QLT[E�_aISZlX[gUEuQSX[c�MUGpt�ElKLIdnÄ�EdX[ILMU]�gOE?b�QLEdZ�EdISILMUGJNvb^ElQSMUGAc�IuKLC�X�Ksj`MOgOg�C�Xdo[E´MOF´_b�X[Z�KpGJN�KLC�E`gOX�QST[E�_aILZlX[gUE`Q�X[c�MUG?FHG[QSb�C�GJgUG[T[iHC�X�o[EKRG�]^E\Z�GJF�b�X�QSX�]�gUE\G[QxgOEdILI`KLC�X[N�KLC�EwIRGJV�QSZ�E´gOMUW�E�_KLMOFHE�X[N�c�KLCmV�I�j`M{gOg�Q�X[N�T[E|W�QSGJF¼¯��� @ºö ¯�� � i[EdX�QSIdnBDC�E´QSX[c�MOV�I ] � X�K|jsC�MOZSC�KLC�EHb�QLEdZ�EdILILMUGJN�b^ElQSMUGAc]�EdZ�GJF�EdI?gUEdILI9KLC�X[Nq¯�� � imQ�MOI|TJMUo[EdN¡®YM{NeV�N�MUKLI9G[WKLC�E?ZlV�IRbvQ�X[c�MOV�I ]Eò ³�]mi��

] �]Eò ì»Ð�êþ± � ¯�� � ï Y ìÏ � Z ï Ó ë ó ïï üRü ®�ÅmnO¯���³
Ä¤MOTJV�QLE�ÅmnþÈ�b�gOG[KLI ] � � ]Eò X�TJX[MON�ILK Ï � W�G[Qc�M¶�^ElQR_EdN�K�o�X[gOV�EdI�G[W ì n§�|N�E�ZlX[N�IRElE�KLC�X�K�W�G[QwX[gOg�W�EdXf_ILMU]�gUE´]�M{N�X�QLi�Z�GJN å TJV�QSX�KLMOGJN�I|KLC�EZ�Q�MUKLMOZlX[g£QSX[c�MOV�I÷�ø³ù}úEû*ü¨ý¯þ�ûbúÿþ���û��������dý
	-þ��¨û��:ý
��û������������û����� ü
� ü� þ���ý�	���� ù�� � �¯ü�ú�� �"!�!#���þ���û-ý®ü¨û Ø ú$��:û*ü$�� ý%ü%� Û ��û Û ý'&� þ)(ú*���+û,���� ý%ü"ý
	�þ��¨û-�äþ.�/���0 ücþ���û-&*û*ü�þ��.� Û &ºý
��û3û â +$��û����Æû*ú1 ü
� ü� þ���ý
	32��4� Ö �65��

0.017 0.108 1.007 10.00
M9

0.00

0.05

0.10

0.15

0.20

0.25

r 
 / 

r

q=1:

q=0.1:
q=0.01:

8
;

8
h

<-=?>A@CBEDGFEHJI�KML�Û ý®þ-ý
	¨þ��¨ûN&,�� þ��&O� Û �.�%ú* � �CP ù û â +$��û����Æûbú ü � ü$ þ���ý
	=þ���û�& � ��+Q�.�®ú$ � �RP�S��
�T��	 � ü�&ºþ� ý%ü"ý�	=þ��¨ûU������
��� � ù6	¶ý��6V*WX�4Y �*Z��4Y �¯ü�ú[�*Z �*�
Z\P	ùcú�ûºü¨ý®þ�û,�|þ��¨û6�Æû�+�� Ø�.�¯þ� ý%ü]�.�®ú$ � ���¯þ × ���&.�;þ��¨û�+$��û�&ºû����� ý%ü%� Û +û,�� ýoúPý
	�þ��¨û&*û*ü�þ��.� Û �A��^û,&*ý4�:û�� Û û,���dþ��%�®ü_��� ù (`�OZ�� �"!�! × �
�dþ.� Ö û*üþ�ý�^û � ü� þ)('Z
gOMOEdI�jyEdgOg�]^EdgUG�j�KLC�E�ZlV�IRb!QSX[c�M{V�Iln$ÆuKwQSX[c�MOMp]�E�_gUG�j ]�ò KLC�EsgOGJILIpG[W#X[N�TJV�gOX�Q�F�GJFHEdN�KLV�F�MOI�c�GJF�Mº_N�X�KREdc]Pi�ILKLX�QpE�tREdZ�KLMUGJN�n�·yElT[EdgOF�X[N�ElKyX[gÁn%®�¯d°[±���³C�X�o[E�b^GJMONPKREdc�GJV�K|KLC�X�K�KLC�EHKLM{FHE�IRb^EdN�c�]Pi�KLC�EIRGJV�QSZ�EpMON9KLC�M{I�IRKLX�T[Eyc�Elb�EdN�c�I^Z�QSMUKLMOZlX[gOgOisV�b^GJN9KLC�EE�ðZlMOEdN�Z�i$G[WpQSElb�G[b%V�gOX�KLMON�T�IRKREdgOgOX�Q9gUGJILI9Z�GJN�E´G[QR_]�MOKLIln�ÉmKLX�Q�IzKLC�X�K¤jyElQLE�G[Q�MUTJMON�X[gOgOisG[QL]%MUKLMON�TDKLC�Ep]�Mº_N�X�QSixIRiAIRKREdF3GJN?gUGJISIzZ�GJN�E�KRQSX�t�EdZ�KRG[Q�MUEdIzjsMOgOgfElo[EdNA_KLV�X[g{gUi�X[g{g�]�EdZ�GJF�EE�tREdZ�KREdc�X[N�c�W�V�QLKLC�ElQ�ILC�Q�MON�µP_MON�T�G[WyKLC�EH]�MON�X�QLi$G[QL]�MOKxIRKRG[b%IlnHÄ�G[Q?X[gOg�W�EdX[ILMU]�gOEF�X[ISIZ�GJN å TJV�QSX�KLMUGJN�IHG[W|KLC�E�·u·yÍ ILimIRKREdF KLC�MOIGAZlZlV�QSI�FwV�ZSC´]^ElW�G[QLE�T[Q�XdoAMUKLX�KLMUGJN�X[gmQSX[c�M{X�KLMUGJNw]�E�_Z�GJFHEdI�MOF�b�G[QSKLX[N�Kln  uGJN�IREonmV�EdN�KLgOi¾KLC�E�]�M{N�X�QLijyGJV�gOc�]^EdZ�GJFHE|IRKLX�]�gUE9X�KDXwQSX[c�MOV�Ipj`MUKLC�X´Z�G[QLQLE�_IRb^GJN�c�MON�Twb�QLEdZ�EdILILMOGJN�X[g^b^ElQSMUGAc�KLC�X�K`MOIuKRGmGgOX�QLT[EKRG$ZlX[V�ILE�X[N�i�G[]�IRElQLo�X�]�gUE´ZlV�QLo�X�KLV�QLE´G[WyKLC�EHIREdZ	_GJN�c�X�QLi�gOG[]�E9j`MOKLC�MON�X�IRGJV�Q�Z�EdIDgOMUW�ElKLMOFHE[né N¾G[QSc�ElQ�KRG¡X[gOgUG�j¼W�V�QLKLC�ElQ�ILC�QSMON�µAMON�T!X[N�c¾KLC�EElo[EdNPKLV�X[guFHElQLTJMON�T�G[W�KLC�E�]�MON�X�QSi7KLC�E�gUGJILIwZ�GJN�EG[QL]%MUKLI�N�ElEdcKRG\]^EDQLE å gOgUEdc�n  GJILI�Z�GJN�E å g{gOMON�T|ZlX[NGAZlZlV�QHE[nçT�n�]Pi!IRKLX�QR_aIRKLX�Q�ILZlX�KRKRElQSMON�T�n�ÍsG�jyElo[ElQd¿
a V�MON�gOX[Nq®�¯d°[°[¥J³\C�X�o[E�MON�W�ElQLQSEdceW�QSGJF NmV�FHElQSMOZlX[gILM{F\V�g{X�KLMUGJN�I|KLC�X�K\KLC�MOI?b�QLGAZ�EdILI�b�QSG[]�X�]�gUieMOI?KRGPGILgOG�jqKRG\EdN�ILV�QLED·uÍ¾FHElQSTJMON�T|j`MUKLC�MON´KLC�E`gOMOW�ElKLMOF�EG[W�FHGJILKsIRGJV�Q�Z�EdIln a V�M{N�gOX[N 9�ÍsElQSNAnmV�MOILK\®�¯d°[° ¢ ³C�X�o[E�MONPo[EdIRKLMUTJX�KREdc KLC�EeE���EdZ�K�G[W\juX[N�c�ElQSM{N�T�G[WKLC�E�]�MON�X�QSi�jsMUKLC�MON�KLC�E�IRKREdgOgOX�Q´Z�G[QLE�c�V�E�KRG�KLC�EZ�C�X[N�T[E�G[WDT[QSXdoAMUKLX�KLMUGJN�X[gpb^G[KREdNPKLMOX[g�M{FHb^GJIREdce]mi



y �cb ��Ã�Â &�d$1u Ä%Â ( Â%Ê	Ê	Å #¨'�# Ä z�& ÊoÃ x Â &%e Ågf 'AÉ Â ' Ã`h +3i
KLC�EHZ�GJN�KLM{NPV�GJV�I`E�tREdZ�KLMUGJN�G[WpIRKLX�Q�IlnxB`C�E\X[V�KLC�G[QSIZ�GJN�ZlgOV�c�E�KLC�X�K$KLC�E�FHG[KLMUGJN»G[W´KLC�E�]�MON�X�QLirEdNA_C�X[N�Z�EdIKLC�E7MONPKRElQSX[Z�KLMUGJN¡Z�QLGJILIILEdZ�KLMUGJN¡X[N�crZlX[NW�V�QLKLC�ElQ|ILC�QSM{N�µ�KLC�E´]�MON�X�QLi�G[QL]%MUKln é W�C�G�jyElo[ElQ?MUKMOIxEdN�GJV�TJC�KRG�EdN�ILV�QSEwFHElQSTJMON�TG[W�KLC�EwKajyGv]�gOX[ZLµC�GJgUEdI�QSEdF�X[MON�I�V�N�ZlgUEdX�Qdn�DEdZ�EdNPKLgUikj�MUElQ¹®�È�����³�b�QLEdIREdNPKREdcæN�EljêQLEdISV�gUKLIZ�GJN�Z�ElQSN�M{N�Tq·u·yÍ FHElQSTJMON�T�n ÆxILILV�F�M{N�T�QSEdX[gOMOI�_KLMOZ�¿�N�GJNA_aV�N�MUW�G[QSF@IRKREdg{gOX�Q�Z�G[QLE�c�MOIRKRQ�MU]�V�KLMUGJN�I�X[N�cIRGJgUoAMON�T9W�G[Q£KLC�E�QLEdIRKRQSM{Z�KREdc�Ð�_Á]�GAc�i\EonPV�X�KLMOGJN�I�KLC�ENPV�FHElQSMOZlX[gyILMOFwV�gOX�KLMUGJN�I?ILV�T[T[EdILK\KLC�X�KHIRKLX�Q´E�tREdZ	_KLMUGJN�MOI9ILVAðZlMUEdNPK|KRG$ILC�QSMON�µ$KLC�E´G[QL]�MUKLI|M{N�G[QSc�ElQKRG\X[gOgOG�jqWYX[IRKpFHElQSTJMON�T9G[W^KLC�ED]�MON�X�QLi�]miwT[Q�XdoAMUKLXf_KLMUGJN�X[g%QSX[c�MOX�KLMOGJN�MUW^KLC�EsFX[ILIpG[W�KLC�ExZ�EdNPKRQSX[g�IRKREdgº_gOX�Q�Z�G[QLE�X[N�c�KLC�EH]%MON�X�QLi$X�QLE�Z�GJF�b�X�QSX�]�gUE[nwBDC�Ec�ElQSMUo[Edc�KLM{FHEdILZlX[gUEdIyG[W�FHElQLTJMON�T´X�QLE9G[WzKLC�E|G[QSc�ElQG[W�¯����KRG»¯�� � iPQvc�Elb^EdN�c�MON�T�GJN¹KLC�EeX[ILISV�FHEdcF�X[ILIREdI�G[WsKLC�E$ILKREdgOgOX�QHZ�G[QLE�X[N�c!KLC�EvKßj�G�]�gOX[ZLµC�GJgUEdIlnBDC�E|ZSC�QLGJN�GJgUG[T[i�G[W�·u·uÍ FHElQLTJM{N�TwM{IyX[IuW�GJgOgUG�j`Il�

�ml ª-«�Ýon3¢�£¨©8ªNpqnm£�¢�¦^¢�ÚoÚE©8ª-« � B`C�E¾C�GJIRKTJX[gOXfh�MUEdIvFHElQST[E�X[N�crKLC�E�Kßj�G(]%gOX[ZLµ.C�GJgUEdIW�G[QSF XÃ]^GJV�N�cê]%MON�X�QLi ILimIRKREdF$n BDC�EKLMOF�EdILZlX[gUEHG[WuKLC�MOI9b�C�X[IRE�MOI9G[WyKLC�EHG[QSc�ElQ�G[W¯�� � i[EdX�QSIdn�BDC�Eub�QLEdZ�EdILISMUGJN�X[gAb^ElQSMUGAcwj`MUKLC�MONKLC�M{I|b�C�X[IRE�MOI?gOX�QST[EZ�GJFHb�X�QLEdc�KRG�KLC�E�Kaimb�_MOZlX[g9IRGJV�QSZ�E�g{MUW�ElKLM{FHE$KLC�ElQLElW�G[QLEeN�G!G[]�IRElQLoP_X�]�gOE$ZlV�QLo�X�KLV�QLE�G[WsKLC�E$IREdZ�GJN�c�X�QLi!gUG[]^EdIHMOIZlX[V�ILEdc�n

�srRt ª-£E¡un3¢�£¨©8ªNpmn�£¨¢�¦^¢KÚEÚE©8ª-« � �9N�Z�EDKLC�Es]�Mº_N�X�QSi IRElb�X�QSX�KLMOGJN�QLEdX[ZSC�EdI�KLC�E�Z�Q�MUKLMOZlX[gwQSXf_c�M{V�I ] � KLC�E�b�QLEdZ�EdILILMOGJN�X[g�b^ElQSMUGAc�]^EdZ�GJFHEdIZ�GJFHb%X�QSX�]�gUE�KRG�KLC�EDIRGJV�QSZ�E`g{MUW�ElKLM{FHEyX[N�cHKLC�Eb�QSEdZ�EdILILMUGJN?j`MOgOg[ZlX[V�ILEpG[]�IRElQSofX�]�gOE�ZlV�QLo�X�KLV�QLEG[WDKLC�E�QSX[c�MUG7gUG[]^EdIln7BDC�EKLM{FHEKLC�E�]�MON�X�QLiIRb^EdN�c�IxM{N7KLC�MOI9b�C�X[IREHMOI|ISC�G[QLK�®�¯���´KRG�¯�� �i[EdX�QSI	³HMUWsKLC�E�gUGJILIZ�GJN�E$G[QL]�MOKLI´j`MOgOgy]^EvQLE�_å g{gUEdc´X[I�ILC�G�j`N´]Pi\j^MUElQD®�È�����³£G[QpMON å N�MUKREdgUigUGJN�T�MUW¤N�G�gUGJILI�_aZ�GJN�E?W�ElEdc�M{N�T´KLX�µ[EdI`b�g{X[Z�E[n

� ã;ç ÞM¢K£¨Ý-©ä«�Ý � ß V�QSMON�T�KLC�E å N�X[g�·yÍFHElQSTJMON�TwKLC�Esb�QLEdZ�EdILILMUGJN�j`MOg{g�Z�EdX[IRE�X[N�c�KLC�EIRb%MON G[W�KLC�E(FHElQLT[EdcÇZ�EdNPKRQSX[gH·uÍ jsMOgOg�]^EQSX�b%MOc�gUi�QSEdX[gOMUTJN�Edc�n

X−shaped S−shaped

<-=?>A@CBEDkFEHwv�KMx �$��y� Ö ûºþ�&.�m ÛÜÛ � �äþ��.�¯þ�û��Qþ���ûz úEûO�ý
	�äþ�ûO�%ú`(X^û��
�{+$��û,&*û����� ý%ü|���=þ��¨û�	Àý
�����¯þ� ý®ü��:û�&.�%�®ü$����lý
	
} Ø ���%��+ûbúU�.�®ú$ ý-�Æý � ��&*û���Z x ��ûN�:ý®þ� ý%ü|ý
	�þ���û#�¨ý¯þ���+ý®þ��C�	þþ��¨û�ûºü�ú3ý
	 �0+%�
~�Aý�	%+$��û,&*û����� ü��-^û��
�|� ×  ÛÜÛ�� ú`�.� ×�� û ÛÜÛ �+�þ� Ø&O� Û þ��.�
& Ö �� ü�þ�ý7þ���ûT+ Û �®ü¨û�ý
	Kþ��¨û0� Ö ('Z Ù ûO���`(|� Ú  ÛÜÛ c���|�Ý �O�4��� Þ �%�O��û|+ý4 ü�þ�ûbú³ý � þ7þ��%�	þ��.�¯ü�úEý4� Û (�ý
�� û*ü�þ�ûbú]+$��û Ø&*û����� ü����Æý � ��&*û������¨ý � Û ú]��+�+ûO�/����� } Ø ���%�
+û*ú ÝUÛ û,	Àþ Þ �¯ü�úÔdØ ���%��+ûbú1�Æý � ��&*û�� Ý ����4��þ Þ�×  þ��OûOV � � Û +$��ý4^��
^$ Û  þ� û���Z
���?� �m��C�N��4 ���^��6��-�¨����2�5 2������������l���

�N�Ô����5|� �-5����
�6�E�]�����g� �?�C���-�?�� O�'�/¡C���' /�% /�g� �¢��£|�1¤.¥/�C�%¡#�`¦{§_���/¤
¡A�E� �g��� �g�`¥y� �g¨��`�©£ª����è�«¬¯®�°�±m²���¥¯¥O O�`��¦E³µ´��' 
¡3�/�`¶·�`¥/¥/�g� ��õU¸��'��¥¹�' ¹����ºµ»�¼`½ ¾�± ¿
º À1�*²��'¨��'�`Á
¡3�/�`¥O�`�� Â¦C�`³Ã¦E�'�'¡Ä�
��¦C�g�Å�?§\�%���`¥���£ÇÆ�«¬È®�°�±
»"¶·� §\¡RºÊÉ-�g�Eº#ËEºc® ¿Ì���C¦¢�� /�E�'�"�1¤.¥/�C�%¡#�`¦¢¥O� ÍE��¶·�`¥
§[�%¸��Ê /�C�?¥6�?�� O�'��¡C�/�' /�% /�g� �Î�C�g� �C�g³ÇÍC�C�?�?¸��`�g³�º3±U�/�·¤
¶·�`¥�¥/�g� �Ï�*¨��'�Ð /�?§_�`¥/¶'���?�`¥Ñ¶·� §\¡3�%���%Ò3�g�Ó O�Ô /�E�
¥/� ÍE��¶·�µ�Õ�g£ª�' /�Õ§_�Â²6�g /�¹¶·� �C¥O /���� ¢��¡��`�3�?�E�Ö���E� �?�
¥��E� ÍC�?¦<ÿ�¦E���`²?ÿG�`�?�Õ�g¡C /�?¶'���_ O�
��¶/¸×¥Ø�?�Ä /�E�Ù¡3�Õ���E�
��£Ú /�E�Ø¥O¸�³�ºÜÛ��C¥O O�`��¦Ð /�E�Ø��Ò3¥/�'�/¨��`¦Ã§_���/¡3�C� �Ý¤
����³z�Õ¥|Ò#�' O O�'�1¦E�`¥/¶·�
�gÒ#�`¦yÒ�³È¥O O�����?� �� Ì��¶· /�g¨��G���C¦
¥/�`¶·� �C¦C�%�/³Ø�g��Ò#�`¥[���3¦Þ¥O O�/� �E�ß¶'ÍE�/¨%�% /ÍE�/�z��£Q /�E�
�?��Ò��`¥Ç� �Å�ß�/�`�?�% /�?¨��`�g³s¥/�C���/ È¦C�?¥O /���C¶·�¢¶'�g� ¥O�{ O�
 /�C�6����¦C�?�G¶·���/��ºUà0�`����³¥9ñ�Ù�?�?�?�?��§[¥6»�¼`½[±�Ë�¿X�C�`¨��
�%��� ÍE�`¦Ù�%� ���?�C¥O y¥O O�`��¦E³¢´O�' y¡C�/�`¶·�`¥/¥��g� �Ö� �Ù¥O /��¤
 /�Õ¥O /�?¶'���1���/� ÍC�C¦C¥`áÂ�����C¦E� §[�g³Ø�����g�`�� O�`¦â¡C�/�`¶·�`¥/¥�¤
�Õ�E�Þ¥O� ÍE��¶·�`¥Î¥/�E� ÍC�Õ¦Å�%¡C¡#�`�%�¯��¥ �1¤.¥/�C�%¡#�`¦©���C¦
ã ¤.¥/�C�%¡#�`¦m¥O� ÍE��¶·�`¥]²6�? /�m�on�ÍC����¡3�/��Ò3�%Ò3�?�Õ�g .³Ö»"¥O�'�
É-�g�Eº�ä�ºc® ¿]²6�3�?¶��Þ�Õ¥[�E�� \ /�C�Î¶'��¥O��ºÅå1¡C¡3�%�/�`�� /�g³
 /�C������¦C�g�1´O�' /¥��C�`¨��ÊÒ��'�`�È¥/ /�%Ò3�g��£)�����_¶·� �C¥/�?¦E�'�/¤
�%ÒA�g�_ /�?§_�[¥/¡3���NÁR /�E�`�µ�C�`¨��ÇÍC�C¦E�'����� �E�\�z¥/�E���� 
¡#�'���?��¦È��£��/�'�����g�`�� /�% /�g� �¢���C¦Î¡C�/�`¥O�`�� /�g³z�%�/�]�?�¯�
¥/ /�%Ò3�g�Â¥O /�% O�ß�%� ���?�Nºçæ��� /�©¡C����¶·�`¥/¥/�`¥È� ÍE /�?�?�C�`¦
�%Ò#�$¨��_¡C�/�`¦C�?¶· Ì¥/ÍC¶
�è�Ç£"��¥O Ì�/�'�����g�`�� /�% /�g� �¢��£U /�E�
�
��¦C�g�Ç´O�' /¥'ºsåé¡#�� O�`�� /�Õ����¡C�/��ÒA�g�`§o�?¥_¡#� ¥O�`¦ØÒ�³
 /�C��£"��¶· è /�3�% ÎÒ#�� /�ê§\�`¶��C���C�Õ¥/§\¥è���?¥O�Ö���on�ÍC�?�/�
Ò#�`��§k¡C���`¶·�`¥/¥/�g� �Ç O�]��¶'¶'ÍC�|¡C���g���� O�] /�E�Q�/�`���?�g� �E¤
§\�`�� 'º©À1�*²��'¨��'�`Á6�?�s¥O� §_�è¶'�g��¶'ÍC§\¥/ /���C¶·�`¥\¡C���·¤
¶·�`¥�¥/�g� �_¶'���_�×¶'¶'ÍE�U²6�? /�E� ÍE ��g�`�`¨×�?�E���Q¨×�?¥/�gÒA�g�X�?§_¤



Ë×ë rdsktcucv�w7xGy z|{}xk~�t�vm�o{}��{}zßìQí � sktcu7w|� � {]îmx"r�w � í�u)tcx:v��
¡C���?�� �� �Ç /�E�Q�?�%�/���·¤.¥/¶'���?�Ì�
��¦C�g�G§\���/¡3�E� �g����³_��£T�
¥O� ÍE��¶·�Ê�?£

ï  /�E��¡3�/�`¶·�`¥/¥/�g� �[¡#�'���g�×¦_�?¥U�g� �E�G¶·� §_¡3�%�/�`¦[ O�
 /�E�u /�?§_�`¥/¶'���?�G��£#´O�' Ì�/�`���?�g� �C§\�`�� 'º1Û,�è¥/ÍC¶
�
�¶'��¥O�1� �C�g³]�¥/§\���Õ�×£ª����¶· /�?� �\��£#� O�� /���C¡3�/�·¤
¶·�`¥/¥/�?� �_¡#�'���g�×¦]²X� ÍC�Õ¦]Ò���¶·� §\¡3�g�' O�`¦_Ò#�'£)���/�
 /�E�{¡C���`¶·�`¥/¥/�g� �Ù²�� ÍC�?¦Å¶·�`��¥O��ºÔ���E�{�?�� O�/�%¤
¦CÍC¶·�`¦ß�g��Ò#�\Ò#�`�C¦C�Õ�E�z�?¥G /�E�`�� O���¢¥/§\���?�� O�
Ò#��¨��Õ¥/�gÒ3�g�Ì� �z�?�%�����¥/¶'���g�`¥'º

ï  /�E�U¡3�/�`¶·�`¥/¥/�g� �G��§_¡3�?�? /ÍC¦E��») /�E�U��¡#�`�C�?�C�����×¤
� �g�|��£# /�E�|¡C���`¶·�`¥/¥/�g� �\¶·� �C�$¿-�?¥�¥/§\���Õ��º ã §\���?�
��§_¡3�Õ�g /ÍC¦E�Q¡C�/�`¶·�`¥�¥/�g� �È²�� ÍC�?¦ÈÒ#��¨×�?¥/�gÒA�g�Q� �
¥/§\���Õ�R¥/¶'���g�`¥Ì� �C�g³È��¥Ì�\²6�?��� �?�?�E�\§_�� /�?� �¯��£
 /�E�Ú´O�' 'ºÄ���E�¢�?�%�/���{¥/¶'���g�{§_���/¡A�E� �g����³Þ��£
 /�E�`¥O�è¥O� ÍE��¶·�`¥Ú²�� ÍC�?¦Þ�E�� ÚÒ#�¯¥/�g� �C�?ð3¶'���� /�?³
�?�EñAÍE�`�C¶·�`¦Nº

Û,�¹¶'��¥O�m��£\àR�`�C¥O�·¤.�6�C�g�/���Õ�E�m¡C�/�`¶·�`¥/¥/�?� �ê¦CÍE�� O�
§\�% O O�'�\��¶'¶·�/�' /�g� �ß� �� O�Î /�E�yæ�À� /�E�Ç¡C�/�`¶·�`¥/¥��g� �
¡��'�
�g��¦è¦E�'¡#�`�C¦C¥1� �è /�E�]����¦C�?Í3¥kVò��£� /�E�_��¶'¶·�/�·¤
 /�g� �¯¦C�Õ¥O¸Ú²��%�/¡Rº�ÉE���Q�[§\��óE�?§\���Õ�g³Ú���� /�% /�?�E�[æ�À
�g ��?¥|� �g¨��`�¯��¥ò»"å1��§\�g /�%���C9ÄÆ1�% /�%���$´/���ß¼`½�½�½ ¿
á

@ ø abÎºé�ô�õ
V 

°�î

Y î ïÕ Ï Z ï »�ä�º?¼�¼*¿

���E�Q¡C�/�`¶·�`¥/¥��g� �y¡#�'���g�×¦Ú�?¥�¡3�?�� O O�`¦È��¥|�]£)ÍC�3¶· /�g� �
��£Ì /�C�È²��%�/¡Ö����¦C�?ÍC¥]�?�ØÉ-�g�Eº�ä�º~Ëµ O�����' /�E�'�[²1�g /�
 /�E�]�/�`���?�g� �C§\�`�� Ì /�?§_�`¥/¶'���?�u� �?¨��`�¢Ò�³°õ7nAº�»�ä�ºw¾�¿
º
æX�`¶'��Í3¥O�[��£� /�E�[¥/ O�/� �E�¯¦E�'¡#�`�C¦C�`�C¶·�_��£ @ ø abÎºé � �
 /�E�Ø²��%��¡Ä����¦C�?Í3¥è�Ù¡3�/��¡#�'�{ O�/�`�% /§_�`�� ���£Ç /�E�
¡C�/��Ò3�g�`§ò²�� ÍC�?¦Ç�/�on�ÍC�g�/�Ì�u¦C�' /���?�g�`¦ÇÍC�C¦E�'��¥/ /���C¦×¤
�?�E�ß��££)ÍC�`�?�?�E�Â��£Ê /�E�{��¶'¶·�/�' /�g� �Å¦C�?¥/¸m�% È¥/§[���?�
����¦C�?��ºÂÀ1�*²��'¨��'�`Á��g _�?¥u���`�E�'�����?�?³���¥/¥/ÍC§\�`¦µ /�3�% 
�Ö¦C�?¥/¸Ö²��%�/¡ê²�� ÍC�?¦Ù£)����§ö�% è�Ø£)�'²÷ /�E� ÍC¥����C¦
ã ¶���²��%��ø`¥/¶��C�Õ�?¦k����¦C�?� »"æ��%��¦E�'�`�X9 ±ù�' O O�'��¥O� �
¼`½ ¾%ä ¿
º�å1¥�¶'���]Ò#�|¥O�'�`�_�?�]É-�g�Eº ä�º~Ë�% � /�E�`¥O�|�
��¦C�?�
 /�E��¡C���`¶·�`¥/¥/�g� �¹¡#�'���g�×¦Å�?¥¯¶·� �C¥��?¦E�'���%Ò3�?³â�g� �C���'�
 /�C���\ /�E�1�/�'�����g�`�� /�% /�g� �[ /�?§_�`¥/¶'���g�1���C¦\ /��ÍC¥U¡3�/�·¤
¶·�`¥/¥/�g� �{²�� ÍC�?¦¢�g�`�*¨��Ú�E�y¨×�?¥/�gÒA�g�u�Õ§_¡C���?�� 6� �Â /�E�
�?�%�/���·¤.¥/¶'���g�Î§_���/¡3�E� �?����³���£Ì /�E�z¥O� ÍE��¶·��ºØ���C�'�/�
�·ó×�?¥/ /¥|�_¶·���g /�?¶'��������¦C�ÕÍC¥X�C�*²��'¨��'�`Á3�% |²6�C�Õ¶�� @ ø a*ÎºéÒ��`¶·� §\�`¥�¥/§\���?�g�'�ù /�C��� @ abÎ ºd�â�E�' /�C�'�ù���U�C�� ù /�3�?¥
£)��¥O _¡3�/�`¶·�`¥/¥/�g� �m�?�ß /�E�yð3�3����¥/ /�%���z¡C���g���u O�Ç´O�' 
�/�`���?�g� �C§\�`�� [¦C���`¥\�3�`¨��¢�?§_¡3��¶· _� �Ö /�E�Î¥O� ÍC��¶·�
§_���/¡3�E� �?����³Ú /�E�`�¯¦E�'¡#�`�C¦C¥�� �C�g³Ú� �È /�E��¡C�/�`¶·�`¥O¤
¥/�g� �ß��§_¡3�?�g /Í3¦E��º��Q�?¥/¶·� ÍC¥G£)����¶·�`¥u²6�?�?�X¶·�'�/ /���?�C�g³
�g�`��¦{ O�¯�z¦C�`¶'�`³{��£� /�E�\²��%�/¡����C¦{�È���`�?��ó×�% /�?� �

0
ú

1000
ú

2000
ú

3000
ú

4000
ú

5000
ú

6000
ú

r  [R_s]û
0e+00

1e+07

2e+07

3e+07

4e+07

t  
[y

r]

Bardeen−Petterson Re−Orientationü
timescales: precession & realignementý

t_prec
þ
t_re
þ

<-=?>A@CBEDÎFEHcÿ�KöL�� ý¯þ3ý
	�þ���ûX��ûO� � c�®ü��:û*ü�þdþ���:û���&�� � û������&*ý4�|+�����ûbúOþ�ýôþ��¨û�+$��û�&ºû����� ý%üu+û �� ýoú��
	 �����  üG&��
�Æû ý�	�8ûºþ��û*ý
�� û*ü�þ.�	þ� ý®ü ú � ûAþ�ýR���¯þÆþ�û,�×�
&�&,��ûÔþ� ý®ü�Z x ��û��#����+U�.�%ú* � �PQ���+ � ý¯þÆþ�ûbú_ ü � ü� þ��|ý
	�þ��¨û��*&.���N�����,��& �$ � ú]�.�%ú* � ������Z� �������|ý�	�ø Ws���\�O� ù � � �®ü¨úu�¯ü\�
&�&,��ûÔþ� ý®ü]�.�¯þ�ûôý
	�ø�W �ø��]W�� � �! (`�R���
�R^û*û*üÌ�
��� � �:û*ú�Z
��£|��£��g /¥u�?�C¶'�Õ�?�C�% /�g� �{�?�� O�¯ /�C�Ú�on�ÍC�% O�����?����¡3�?���E�
��£1 /�E�Ç��¶'¶·���' /�g� �Þ¦C�?¥/¸Â��¥_�g u�Õ¥u§\�*¨×�?�E�¢�?��²��%��¦Nº
���C�Ê�·óE��¶· Q¶·� ÍC��¥O�u��£U�'¨��`�� /¥Q��£� /�E�G²��%�/¡¢¦E�`¶'�`³
¦E�'¡#�`�C¦3¥z�E�*²��'¨��'�¢� �¹§[����³©�?�%�����`�g³ÅÍC�E¸×�E�*²6�
¡3�%�
��§_�' O�'��¥G»"§[���?�C�g³Ú /�E��¨��Õ¥/¶·� ¥/�g  ³E¿����3¦z¶'���C�E�� 
Ò#�¢�`¥O /�?§\�% O�`¦ê²6�g /�Å��¶'¶'ÍE�
��¶·³�º Û, ¯�?¥y /�E�'�/�'£)���/�
¡#� ¥/¥/�?Ò3�g�� /�C�% kàR�`�C¥/�·¤.���C�g�/�
�?�E� ¡C�/�`¶·�`¥�¥/�g� � ��£
 /�E�y��¶'¶·�/�' /�g� �Ø¦3�?¥O¸{²�� ÍC�?¦ß�g�`��¦� O�¢¨×�?¥/�gÒA�g��ÁT£"��¥O 
¡C���`¶·�`¥/¥/�g� �Ð£)���µ�Å¥/�C���/ { /�?§_�Ö¥/¡3���s´OÍ3¥O {¡C���g���
Ò#�'£)���/�� /�E�1¡C�/�`¶·�`¥/¥/�?� �[²6�Õ�?�E¥O O��¡y���C¦\ /�E��´O�' �²6�?�Õ�
Ò#�`¶·� §_����`���?�g� �E�`¦Nº

Û��Ñ /�E�Ø¶'��¥O�Ø��£[¶·�`�� O�����]Ò3�?�C�%��³ÅÒ3�?��¶/¸Ñ�E� �g�`¥
 /�E�Ç¥/�g /ÍC�% /�?� �µ�?¥G¥O� §_�'²6�3�% u§_�����Ú¥/�?§\¡3�g��ºz���E�
¡C���`¶·�`¥/¥/�g� �è¡#�'���g�×¦¯¦E�'¡#�`�C¦3¥6� �¢ /�E�uÒ3�?�3�%�/³z¥O�'¡E¤
�%���% /�?� �Þ��¥\� �g¨��`�ÖÒ�³�õ|n3º1»�ä�ºþ± ¿
ºÙ���C�Õ¥]�/�`�?�% /�g� �
�?¥©¡3�g�� O O�`¦÷�Õ� Éù�?�Eºèä�ºcä�£)���¹¦3�¶���'���`�� ÅÒ3�Õ�C�%�/³
¶·� �Eð3� ÍE���% /�g� �C¥`º ±U���`¶·�`¥/¥/�g� � ¡#�'���g�×¦C¥Ñ¥/�E� ÍC�?¦
Ò#�Ö�g�`¥�¥� /�C�����%Ò#� ÍE s¼#"Ã¼�$&%Ö³��`�%��¥m�?�Ó����¦E�'�
 O�Þ�g�`�*¨����m¨×�?¥/�gÒ3�?�Î�?§_¡3���?�� [� �Å /�E�Â�Õ�%�/���·¤.¥/¶'���g�
§_����¡3�E� �g����³�ºQÉE������?�T£ª�`��¥��gÒ3�g�uæ�æ�Àò¥O�' /ÍE¡3¥1 /�C�?¥
�?¥Ì /�E�\¶'��¥/�\�% �����¦C�?�ù¶·� �C¥/�?¦C�'���%Ò3�g³¯¥�§\���?�g�'�Q /�C���
 /�E��¶'ÍC¥/¡Ç�
��¦C�?ÍC¥'º�åÌ¥�²���¥�¡�� �Õ�� O�`¦Ç� ÍE �Ò�³Ï»�j#�g�'�
°'$&$&$�¿Q�Õ�¯ /�C�Õ¥1¥O /�%���[ /�E�u§\�'�/� �?�E�Ç��£� /�E�]Ò3�Õ�C�%�/³
¡C����¶·�'�`¦C¥-²1�g /�C�?�]¥O� §_�¼�$&(�³��`�%��¥'º�ÉCÍE�/ /�C�'��§_���/��Á
 /�E�Ì§_�'�/� �?�C� /�?§_�`¥/¶'���?��� �C¶·�6���
�`¨×�g /�% /�g� �C���A����¦C�Ý¤
�% /�g� �¢Ò#�`¶·� §_�`¥Ê�?§_¡#���/ /���� Q�Õ¥*) ] + »"æX�'���`�Õ§\���
�' 6����º1¼`½[±'$�¿
º|���C�?¥��`�3¥/ÍE�/�`¥| /�3�% � /�E�¡C���`¶·�`¥/¥/�g� �



y � y � !ÉIÉ�& Ä $1&�'#dlr3#¨')(�eÔ! Ê	Å #¨' Ê Ë!,

0.001- 0.010- 0.100
r / r.10

2

10
4

10
6

10
8

10
10

t  
   

   
 [y

r]

BBH merger
precession period/

h
0

pr
ec

q=11q=0.11q=0.011

<-=?>3@CBEDÈFEHJF�KöL�� ý¯þmý�	2�
	 ����� ý�	3��&*û*ü�þ��.� � ^$ ü�����(6^ � ��&43��ý � ûÌ�����Ì	 � ü$&ºþ� ý%üPý
	�þ���û|�Æû�+%�/�.�¯þ� ý%ü_�.�®ú$ � �7û65*+$��û����Æû*ú ü � ü� þ��dý�	�þ���û�& � ��+�.�®ú$ � ��P�S$Z x ��û�+$��û,&*û����� ý%üG+û,�� ýoú���ú*c��+ � �O(�ûbúQ	¶ý
��þ���ûU&O�
�Æû}ý�	!74WX�4Y874W-�*Z��
Y974W-�*Z �`�|�®ü¨ú����è���
����ý
	�ø¯WX�:��O� ù�� �

¡#�'���g�×¦Ð»�) ] ë Ó<; ¿Ç�?¥y���g²��`³×¥z�g� �C�Ø²6�g /�â�/�`¥O¡#�`¶· 
 O�Þ /�E�{�/�'���
�g�`�� /�% /�?� �Å /�?§_�`¥/¶'���?��ºk�6��ÍC¥`Á1Ò#�`��§
¡C�/�`¶·�`¥/¥��g� � ²6�?�?�ß�E�'¨��'�Ä�C�*¨��ç�?§_¡3��¶· Ñ� �  /�E�
�?�%�/���·¤.¥/¶'���?�Ê����¦C�?�]§\���/¡3�E� �g����³�º

�-�ª� �d0|� �s�)�4¹�)5X�>=¥2�5|6E��07����2�57�? �¢§_���/¡3�C� �g��� �?¶'���T���/� ÍC�C¦C¥1 /�E�u£)�*¨����/�`¦¢�·ó×¡3�?��¤
�C�% /�g� �u£)���T /�E�����`�E�`¥��?¥0��£��6¤.¥/�3�%¡��`¦G����¦C�?�6� ���?��ó�¤
�g�`¥��?¥��u£)��¥O ��/�`���Õ�g� �C§_�`�� X��£T /�E�Ì����¦C�g�6´��' /¥`º����E�
 .²��\£"��¥O ��/�'�����g�`�� /�% /�g� �È§_�`¶
�C���C�?¥/§[¥X� ÍC /�?�?�E�`¦Ç�?�
 /�C�?¥\¶
�C�%¡C O�'�;imæ�æ�À §_�'�/� �Õ�E�Â���C¦Ø§\�?¥����?�g� �E�`¦
§\�% O O�'�È��¶'¶·�/�' /�g� �èimÒ#�� /�Þ¥/�'�`§Ü£)�`��¥/�gÒ3�?�z��£��/�·¤
¡C�/�×¦CÍC¶'�?�C�¥�1¤.¥/�C�%¡#�`¦¢¥O� ÍE��¶·�`¥`ºuÀ1�*²��'¨��'�`Á-§GÍC¶
�
¦E�'¡#�`�C¦C¥u� �m /�E�z�?��¨�� �g¨��`¦m /�?§\�`¥/¶'���g�`¥_���C¦Ø�E�$²
 /�E�'³_ðC X O�Ê /�E�Ì��¶· /ÍC���A¥/� ÍE��¶·�1�Õ�g£ª�' /�Õ§_�`¥� /�C�% �²6�?�?�
Ò#�Â¦E�'���g¨��`¦©�Õ�Ù /�E���E�·ó× z¶��C�%¡3 O�'�`º ¬��
�g /�?¶'���Q�?�
 /�E�[¶·� �� O�·ó� u��£� /�E�[æ�æ�À�§_�'�/� �?�E�z�Õ¥Q /�E��n�ÍE�`¥�¤
 /�g� �Ð²6�E�' /�C�'�è���{�E�� ¢ /�E�mÒ3�Õ�C�%�/³Å²6�?�Õ�Ê���g²��`³×¥
§_�'�/���Â���C¦Ù�g£G¥O�m� �s²1�C�?¶��â /�?§\�`¥/¶'���g�`¥'º�õ�¨��`�
 /�E� ÍE� �zj#�g�'��»�°'$&$&$�¿��C��¥�¥/�E�$²6�[ /�3�% �¥/ O�`�?�?�%���g� ¥/¥
¶·� �E��£ª�'�`¦3�?�E�Q¦E���`¥ù�/�`¥�ÍC�g T�Õ�Ê£"��¥O ùÒ3�?�C�%�/³§\�'�/� �?�E�
 /�E�Q��ÍC§\�'���?¶'���3¥��?§GÍ3�?�% /�g� �C¥U§[�%¸��Ì�
�g� �?¦\��¥/¥�ÍC§_¡E¤
 /�g� �C¥��%Ò#� ÍE � /�E�Ì¥O O��ÍC¶· /ÍC�/�6��£N /�E�Ì¶·�`�� O�
����¥/ O�`�?�?�%�
¶·���/�\��£X²6�C�?¶
�è�Õ�g O /�g�]�?¥Ì¸��E�$²6�NºGÛ £X£)��¥O §\�'�/� �?�E�
¦E���`¥\���g²��`³×¥\�×¶'¶'ÍE�\ /�E�`�Þæ�æ�À §_�'�/� �?�C�Â�?¥] /�E�
§_� ¥O ��?�?¸��`�g³\£)����§\�% /�g� �y¡C����¶·�`¥/¥���£m�1¤.¥/�C�%¡#�`¦y����¤

¦3�g�_¥O� ÍE��¶·�`¥'º@ �?¥/���Õ�g� �E�`¦Â��¶'¶·�/�' /�?� ��� �� O�Î /�C�[Ò3�?��¶�¸{�E� �g�[¶'���n�ÍC�?¶�¸��?³_�/�`���?�g� �[ /�E�Ì¥/¡3�?�\��£0 /�E��¶·�`�� O�����#æ�À©���C¦
 /�C�Ú�����?�`�� /�% /�g� �m��£6 /�E�Ç�Õ�%�/���·¤.¥/¶'���g�G´O�' /¥'º>±U�/��ÒC¤
�?�`§\�% /�?¶¢¶'���ÅÒ#�{ /�C�% È /�E�Ç´O�' /¥z§\�g� �� ÈÍC�C¦E�'�����
�
�%¡3�?¦ß¡C�/�`¶·�`¥/¥��g� �Þ�?�m /�E�ÈðA�C���|¥O /�%���¯��£Ì /�E�È�/�·¤
���Õ�g� �C§_�`�� \²6�C�Õ¶��Þ¥/�C� ÍC�?¦Þ�g�`�*¨��è�? /¥[�?§_¡3���?�� u� �
 /�C�_����¦C�g�z§_����¡3�E� �g����³�º @ ÍC¶��µ¦E�'¡#�`�C¦C¥Ì� �{ /�E�
¦C�' /���?�?¥#��£×� ��¥R£"ÍC�C�E�`�Õ�?�E��� �� O�6 /�C����¶'¶·�/�' /�g� �G¦C�?¥O¸�º
å� �¡C�/�`¥/�`�� ���Í3§_�'���?¶'���A¥/�?§uÍC�?�% /�g� �C¥��?��¶/¸\ /�C�6�/�`¥�¤
� �ÕÍE /�g� �È O�[¦C�' O�'��§\�?�E�� /�C�£)�% O�G��£- /�E�� ��¥Ì¦E�*²6�
 O�{¥/¶'���?�`¥]��£� /�E�È��¶'¶·�/�' /�g� �Ø¦C�Õ¥O¸Aº¢���E�'���'£ª���/��ÁU�? 
§[�g� �� [ /ÍE���Þ� ÍC [ /�C�% Ç§\�% O O�'�È��¶'¶·�/�' /�g� �Ù�?¥\�E�� 
£)�`��¥/�gÒA�g�Q O�\£ª���
§ �6¤.¥��C�%¡#�`¦z¥O� ÍE��¶·�`¥`º
�6�E�BA��`��¨��g��� �C§_�`�� /����Cz£)����§\�% /�g� �÷¡C�/�×¶·�`¥/¥O�`¥ i
ÒAÍE�*³ ���C¶·³Ø���C¦mÒA��¶/¸�ñC�*²�iµ�%�/�z§_� ¥O _¡C����Ò3�%Ò3�g³
�C�� | /�E�Ê¦E� §\�Õ�C���� �£)����§\�% /�g� �¯§_�`¶��C���3�?¥/§���£m�6¤
¥��C�%¡#�`¦m����¦C�g�{¥O� ÍE�
¶·�`¥'ºÞæ���¶/¸�ñC�*²é�?�g¸��`�g³ß�?¥] O���
¥��g�*²ç O�{Ò#�z�%Ò3�?�Ç O��£ª����§  /�C�z¥O�`¶·� �C¦C�%�/³ß����¦C�?�
�?��Ò��`¥U²6�g /�C�?�]�¥/� ÍE��¶·�6�?�?£ª�' /�?§\��Í3�C�g�`¥/¥-Ò3��¶�¸�ñ3�*²6¥
�%���z¥/ÍE¡#�'��¥O� �C�Õ¶Î»)£)���_²6�C�?¶
�m /�E�'�/�È�?¥_�E�{�?�C¦3�?¶'��¤
 /�?� �A¿0���U /�E�|Ò3��¶�¸�ñC�$²Þ²�� ÍC�?¦]¥O O�/�`��§Ä�Õ�� O����]� �?¦
¶'�*¨��? .³ê»)²6�C�Õ¶��m²�� ÍC�?¦m�/�on�ÍC�g�/�yÒ#�`��§o�/�'���
�g�`�� /��¤
 /�?� �A¿
ºùæ�ÍE�$³ ���C¶·³Ê� �G /�E�X�� /�E�'�ù�3���C¦Ê§\�?� �� ù�C�`¨��
�Õ§_¡3��¶· �� �Ú /�C�Q�Õ�%�/���Ì¥�¶'���g��§_���/¡3�E� �?����³\��£0¥O� §_�
��£- /�E�C�6¤.¥��C�%¡#�`¦z¥O� ÍE��¶·�`¥1�g�×¶'�% O�`¦¯�?�z¦C�`�C¥O�'���`�×¤
¨×�g�/� �3§_�`�� /¥â»)��º~�Eº Æ�«¬È®�°�± ¿
º À6�$²X�'¨��'�`Áz���g¤
§\� ¥O \���?�}�1¤.¥/�C�%¡#�`¦Ø¥O� ÍE��¶·�`¥_�Õ�g¨��z�?�ß¡#�����_�`��¨��g¤
��� �C§_�`�� /¥¯²6�3�?¶��©¦3�?¥	n�ÍC���?�gðC�`¥ÇÒ3ÍC�*³ ���C¶·³© O�sÒ#�
 /�C�y§[���?�ß£ª����§[�% /�g� �ß¡C�/�×¶·�`¥/¥u��£6 /�E�`¥O�È��ÒE´��`¶· /¥'º
Û��µ����¦E�'�u O�Î�/�'¡3�/��¦3ÍC¶·�[ /�E�Ç�/�� /�% /�g� �3����¥/³�§\§\�·¤
 O��³z��£7�1¤.¥/�C�%¡#�`¦è¥O� ÍE��¶·�`¥QÒ3ÍC�*³ ���C¶·³Î²X� ÍC�Õ¦Î���?¥/�
���on�ÍC�?�/�����¯ÍC�C�Õ�g¸��`�g³[¶·� �Eð3� ÍE���% /�g� �È��£- /�E�G��§ÊÒ3�g¤
�`�� 6§_�`¦3�?ÍC§Èº



Ë=à rdsktcucv�w7xGy z|{}xk~�t�vm�o{}��{}zßìQí � sktcu7w|� � {]îmx"r�w � í�u)tcx:v��



6
D>EGFIHKJMLONQPSR TUNQP9V>WYX2W

Z-�\[ ]�5���C�����-��3�Ó��^:��6��� �
���E�È O�� /���6ñ3Í×ó×�`¥_��£Ì���Õ�|�`¨%���?�?�%Ò3�g�È��ÒA¥O�'�/¨%�% /�g� �C¥
²X�'���m¦C�' O�'��§\�?�E�`¦¹���C¦Ñ¶·� §ÊÒ3�Õ�E�`¦ê²1�g /�¹¥/� ÍE��¶·�
ñ3Í×ó×�`¥Â¶·� §_¡3�Õ�g�`¦Ã£)�/� §  /�E�Ö�Õ�g O�'���% /ÍE�/�Ø O�¹¶·� �×¤
¥O O��ÍC¶· G�?�� O�'���
�% O�`¦�¥O³×�C¶��C�/�� O�/� �Â¥O¡#�`¶· O���×º\�6�E�`¥O�
¥O¡#�`¶· O���ß�C�`¨��¢Ò#�'�`�Ö¦E�' O�'�
§\�?�E�`¦Ö£ª���Ç /�E�è²6�E� �g�
¥O� ÍE��¶·�s���C¦Ã���?¥O� iê²1�E�`�Ð /�E�Þ�/�`¥/� �?ÍE /�g� �Ð²���¥
¥/Í=ð[¶'�?�`�� �iy£)�����?�C¦C�?¨��?¦3ÍC���N¥O� ÍE��¶·�]¶·� §_¡#� �E�`�� /¥'º
���E�|���'� §_�' O��³u��£� /�E���?§[�%���`¥U�% � /�E�|¨%�%���g� ÍC¥-£)�/�·¤n�ÍC�`�C¶'�g�`¥R²���¥ù��¦�´OÍ3¥O O�`¦Ê�?�����¦E�'�0 O�Q§\�% /¶
�G�?�Ê¥/�gø'�
���C¦�¥���§_¡3�?�?�C�zÍC¥/�?�E�y /�E�Çå6Û*± ã  /��¥O¸{ÀQ«"õ ? @ º
å1�Õ��§\�%¡3¥[²X�'�/�¯ /�E�`�Ö¥/§\���� /�E�`¦Ö O����¶·� §[§_� �
Ò#�`��§M���C¦ê /�E�`�g�è¡#� �?�� /�Õ�E�Ø²���¥è���?�g� �C�`¦Nº ���E�
�/�on�ÍC�g�/�`¦¢¡#� ¥/�g /�?� �C���-¥/�C�g£) /¥Q O�z£"ÍE�/ /�E�'�Ê���Õ�g� �¢ /�E�
�?§\�%���`¥y²��'�/�Â�%¡C¡3�Õ�g�`¦sÍ3¥/�?�E�ßàù«Oõ ? @ º|É-�?�C���Õ�g³
���?�R§\�%¡A¥�²��'�/�Ê¶·� §GÒ3�?�E�`¦z�Õ�z���z�?§\�%���G¶'ÍEÒ#�ÍC¥�¤
�?�E� @ ¬�_Ìæ õ6º0���E�_ñAÍ×ó��`¥Q²��'�/�\ /�C�`�{�·ó� O�
��¶· O�`¦
²6�g /�âæ�à ã _ @ £ª��� §Ü /�E�¢�?§\�%���¢¶'ÍEÒ#��ºêàT�g O�'����¤
 /ÍE�/�Xñ3Í×ó×�`¥N²X�'�����·ó× O����¶· O�`¦u£ª�/� §¹Ækõ ß ���C¦G¶·� §]¤
¡3�g�`§_�`�� O�`¦z²1�g /�Èñ3Í×ó×�`¥|£)�/� §X<�`�?�g�'��§\���3�Ú�' Ì����º
»�¼`½�±�½ ¿z»)�/�·¤.¶'���Õ�gÒC���% O�`¦ß O�{ /�E�Èæ����%��¥�¤.¥/¶'���?�È²6�g /�
¶·� ��¨��'�
¥/�g� �µ£)��¶· O����¥G� �g¨��`��Ò�³{à0���Õ�E��9�±ù�`��¶·�×¶/¸
¼`½[±'$�¿
º|���E��ñ3Í×óÇ�'�/�/����¥�²X�'�/�G¶·� §_¡3ÍE O�`¦z�Õ�C¶'�?ÍC¦×¤
�?�E�\�E� �Õ¥O����C¦z¥O³×¥O O�`§\�% /�Õ¶¶·� �� O�
�gÒ3ÍE /�g� �3¥'á

`Ya T ¼ TTôcb `Ya ;a<d�egf `Ya ;e\hie »�±�º?¼*¿

���E�z¥O³×¥O O�`§\�% /�Õ¶È O�'��§ �?�3¶'�?ÍC¦E�`¥u¶'���?�gÒC�
�% /�g� �m�'�O¤
�/����¥-���C¦u�'�/�/���
¥T�?�� O�/�×¦CÍC¶·�`¦GÒ�³Ê /�E���Õ§\�%� �?�E�1¡C�/�%¤
¶·�`¦CÍE�/�z»"§\���Õ�C�g³È¶'�g�`���C�?�C�Ç���C¦è¥O�`�g£ª¤.¶'���?�gÒ3���% /�g� �A¿
º
���E�6¥/³�¥O O�`§[�% /�?¶6¶·� �� O���gÒ3ÍC /�g� �C¥U¶'���C�C�� ��`��¥/�?�?³uÒ#�n�Í3���� /�gð3�`¦{Ò#�`¶'��ÍC¥O�_��£� /�E�[¶·� §_¡3�?�·ó¢���C¦{¥/� §_�·¤
 /�?§_�`¥z¥�ÍEÒ×´O�`¶· /�g¨��Â�C�% /ÍE�/�¢��£u /�E�Â�?§\�%� �Õ�E�m¡C�/�%¤

¶·�`¥�¥6�`§_¡A�g�*³��`¦Î O�[¡C����¦CÍ3¶·�����¦C�g�Ú�?§\�%���`¥'º1¬�� �E¤
¥/�on�ÍE�`�� /�g³{ /�E�Ç¨%���?ÍE�`¥u��£� /�E�y¥O³×¥O O�`§\�% /�?¶Ú�'�/�/����¥
�3�`¨��zÒ#�'�`�Þ¶
�E� ¥O�`�Ö¥/� §_�'²6�C�% \¥/ÍCÒ×´��`¶· /�?¨��`�g³µ¦E�·¤
¡#�`�C¦3�?�E�]� �z /�E�³n�Í3���?�g .³Ç��£� /�E�u¦C�% /��¥O�' /¥'º|�X³�¡3�g¤
¶'���Õ�g³Ú²��Ê�C�*¨��G��¥/¥�ÍC§_�`¦z¥O³×¥O O�`§\�% /�Õ¶��'�/�/����¥���£�ä$¤
¼�$kjyºUÛ,�Ç /�E�¶'��¥/����£T /�E�½�§[§�¥/�?�E� �g�Q¦C�?¥��Ú¦C�% /�
²��]�C�`¨��_��¦E��¡C O�`¦è�C�g� �C�'�6¨%���?ÍE�`¥1��£6¼`ä8jÔ¦CÍE�Ê O�
 /�C��¡C�/��Ò3�g�`§[¥��`�C¶·� ÍC�� O�'�/�`¦z¦CÍE�
�?�E�u /�E�¦C�% /�_�/�·¤
¦3ÍC¶· /�g� �Â»"¶·� §_¡Rº ã �`¶· 1®�º?¼*¿
º
�6�E�6�'�/�������Õ�� O�/�×¦CÍC¶·�`¦[Ò�³Ú§\�%¡È�E� �?¥O� ó ¦E�'¡#�`�C¦3¥
� �] /�C���Õ�� O�'�����% /�?� �\�%�/�`��l¹»"�Õ�GÒ#�`��§Ã�%�/�`��¥4¿T�*¨��'�
²1�C�?¶��y /�C�ñ3Í×óy�C��¥|Ò#�'�`�z¦E�' O�'��§[�?�E�`¦Ná`Ya a<d�eXô ónm l »�±�ºc° ¿
�X³�¡3�?¶'���?�g³G /�C�?¥� O�'��§Ó�?¥U���% /�E�'��¥/§\���?�E���C¦[ /�E�6 O�%¤
 /���T�'�/�/���Q�?¥1¦E� §\�?�C�% O�`¦ÎÒ�³È /�E�G¥O³×¥O O�`§\�% /�Õ¶G¶·� �×¤
 O�
�gÒ3ÍE /�g� �3¥'º
Z��/. ��^:��6��� �N��]�5��7�po
�6�E�|¥O¡#�`¶· O�����E�?�C¦E�·óGÒ��'  ²X�'�`�\ .²��£ª���on�ÍE�`�3¶'�g�`¥rq9s
���3¦tq ; �?¥�¦E�'ð3�C�`¦È��¥'á

u ô
�g����» a s
¿dF��g���A» a ; ¿�g����»�q s ¿dF��g���A»�q ; ¿ »�±�ºc® ¿

²1�E�'�/� a sÇ���C¦ a ; �%�/�¢ /�E�ÎñAÍ×ó��`¥Ú��ÒC /���?�C�`¦â�% 
 /�C�`¥O�Î£)�/�on�ÍE�`�C¶'�g�`¥`º©���E�¯�'���/���Ú��£Ê /�E�Î¥O¡#�`¶· O�����
�Õ�C¦E�·óÇ�Õ¥|¶'���?¶'ÍC�?�% O�`¦Î��¥'á

` u ô
¼

�g���A»wv ÷v � ¿��Õ�R»�¼�$�¿ Y `Ya sa s Z ; f Y `Ya ;a ; Z ;
»�±�º~Ë�¿

ã ¡��`¶· O�
��� �?�C¦E�·ó�§\�%¡3¥T�%�/�X¶·���`�% O�`¦ÊÒ�³�¶'���?¶'ÍC�?�% /�?�C�
 /�C�Ú¥O¡#�`¶· O�����U�Õ�C¦E�·ó¢£ª���G�'¨��'�/³Â§\�%¡�¡A�Ýó��`��ºÚ���C�Õ¥

¾%®



Ë�x rdsktcucv�w7xcy � u7wOrôvdx�t�z>tc�kt�z|{ � � �
¶'���?¶'ÍC�?�% /�g� �_�3��¥TÒ#�'�`�]¡#�'�/£)����§_�`¦G²6�g /�u /�E��å1Ûº± ã
 /��¥O¸¯¬ ? @ æ1ºAå1¥6¡C�/�'¡3�%���% O����³Ú²����/¸y�g 6�?¥|�E�`¶·�`¥O¤
¥/�%�/³Ç O�\¥/§_���� /�È���?�N�?§\�%���`¥� O�[�]¶·� §\§\� �ÈÒ#�`��§
¥/�gø'��º�ÉCÍE�/ /�C�'��§_���/��ÁNÀ�«Oõ ? @ �C��¥Ì O�ÇÒ#�u��ÍC�Î�?�
����¦E�'�Ê O�Î�`�C¥/ÍE���\§\�% /¶��C�Õ�E�z¡3�Ýó×�`�U¥/��§\¡3�?�?�E�EÁT¶·�%¤
����¦C�?�C�% O�`¥Ì���C¦Î�/�'£)�'�/�`�C¶·�Ê¡A�Ýó��`�Õ¥'º1¬���ÍC¶'�Õ���0�?�¯ /�E�
¶'���?¶'ÍC�?�% /�g� �ß��£Ì¥O¡#�`¶· O�������?�C¦E�·óµ§[�%¡3¥]�?¥u /�E�È��¶4¤
¶'ÍE���% O�z���?�g� �3§_�`�� u��£6 /�C�y�Õ§\�%���`¥'ºI}Ù�E�`�mÒ#�� /�
§\�%¡3¥6¶·� �� /���?�Î�\¥O O�/� �E�[¡�� �Õ�� �¥O� ÍC��¶·� /�E�Ê���Õ�g� �×¤
§_�`�� Ì¶'���¯Ò#�u¶��E�`¶�¸��`¦ÎÒ�³ÈðC O /�?�C�[�Ç«Q��Í3¥/¥/�?���¯ O�
 /�C�?¥Ç¶·� §_¡#� �E�`�� y�?�Ö����¦E�'�Ç O�ß¦E�'�
�g¨��Î�E�`¶·�`¥�¥/�%�/³
¥/�C�g£) È¡3�%����§_�' O�'�
¥'º À6�$²X�'¨��'�*ÁG�Ö§\���/���/�`�Õ�?�%Ò3�g�
§_�' /�E�×¦u�Õ¥0 O�Q¡#�'�/£)����§¹�Ì¶·�/� ¥/¥O¤.¶·���/�/�`�?�% /�g� �u��£A /�E�
�?§\�%���`¥�¥/�?§[�?�?�%�� O�y²6�C�% Q�C��¥ÌÒ#�'�`�¢¦E�`¥/¶·���gÒ#�`¦Î�?�
¬��C�%¡C O�'�U®6£ª���- /�E�|¥/�?�C� �g�·¤.¦C�?¥/�Ê¦C�% /�×º ã ÍC¶��u¶·�/� ¥/¥O¤
¶·���/�/�`�?�% /�g� �Ö�C��¥\Ò#�'�`�Þ¦E� �C�È²6�g /�m /�E�zÛ @�ß Û�É-É
 /��¥O¸È¶·� �� /���?�C�`¦¯�?�y /�E� @ Û<~�Û�å ß ¡3��¶�¸��%����º

Z-�/� �g^:��6��� �N���¢�����Ô5U�~��`�?�% /�g¨×�?¥O /�Õ¶��`�g�`¶· O�/� �3¥X�g� ¥/�1�`�E�'����³\ /�E�/� ÍE� �Ú¨%�%�O¤
�g� ÍC¥y�g� ¥/¥y¡C����¶·�`¥/¥/�`¥'ºòÉE���¯ /�E�{¶·� �C¦C�g /�g� �3¥Ú¡3�/�·¤
¨����?�Õ�?�E���?�Ö����¦C�g�ß�g��Ò#�`¥[ /�C�è§_� ¥/ Ú�/�`�?�'¨����� Ç�?� ¥/¥
§_�`¶��C���3�?¥/§\¥¢�%�/�m¥O³×�C¶��E���� O�/� �Ð�g� ¥/¥O�`¥Ø»�)���;`¿
Á
�?��¨��'�
¥O�·¤,¬�� §_¡C O� �y�g� ¥�¥O�`¥Ì»�)��*;*¿����C¦[�g� ¥�¥O�`¥�¦CÍE�
 O�u��¦C�Õ�%Ò3�% /�?¶��·ó×¡3���C¥��g� �\��£R /�C�6�`§\�g O /�Õ�E�Ê¡3�Õ��¥/§\�
»�) �u¿
º ß ÍC�Þ O�© /�E�Þ�`�C�'�/��³Ã¦E�'¡#�`�C¦E�`�C¶·�Ø��£
 /�E�`¥O�_¡C�/�×¶·�`¥/¥O�`¥Ê�C�g� �×¤��`�E�'����³¯�`�g�`¶· O�/� �3¥QÒ��`¶·� §\�
¦E�'¡3�g�' O�`¦Ú£)��¥/ O�'�� /�3���[ /�E�`�?���g�$²|¤��`�E�'�/��³Ú¶·� ÍC�� O�'�/¤
¡3�%�/ /¥'º ���C�?¥Î�g�`��¦C¥Î O�Å�ÖÒC���`�%¸ê�?�¹ /�E�ß�Õ�C�g /�?���
¡��$²X�'�µ�?�`²Ü¦3�?¥O O���gÒAÍE /�g� �¹��£Ú�`�g�`¶· O��� �Ä�`�E�'�/� �?�`¥'º
¬�� �C¥O�on�ÍE�`�� /�g³Ú /�C�����¦C�?�% /�?� �È¥O¡#�`¶· O��ÍC§�²6�? /�È���
�?�C�g /�?����¥/�g��¡#����£ u ¹¶»w� ²1�?�?��Ò#�`¶·� §_��¥O O�'�'¡#�'�-£ª���-£)�/�·¤n�ÍE�`�3¶'�g�`¥X�3�g� �E�'�� /�3���Ú�u¶��C�%�
��¶· O�'���?¥O /�?¶Ì¥O�%¤.¶'���?�?�`¦
ÒC�/�`�%¸â£ª�/�on�ÍE�`�C¶·³Qq ¸ º ã ÍC¶��Ù /�C�'���/�' /�?¶'��������¦3�?��¤
 /�g� �Î¥/¡��`¶· O�
�[�C�*¨��GÒ#�'�`�¯¶·� §\¡3ÍE O�`¦è§\�%¸��Õ�E�[¦C�g£ª¤
£ª�'�/�`�� 6��¥/¥�ÍC§_¡C /�g� �3¥»)£ª���Ì�\¥/ÍC§\§[�%�/³Ú¥O�'� @ ³��'��¥9 ã ¡3���E� �?�'�¼`½[±�ä ¿
º����C�`¥O�§_�×¦E�`�?¥|�%�/��á

ï ���E�O<ÿ±m§_�×¦E�`�-»ä<�%��¦C��¥/�C�'¨¯¼`½�±�°�Á�±-��¶��E� �g¤
¶·ø'³�¸Ö¼`½ ¾�$�¿G��¥/¥/ÍC§_�`¥u�Î� �E�·¤� /�?§_�Ç�?��´O�`¶· /�g� �
��£Ê¡A�%�/ /�?¶'�g�`¥'ºò���E�è¡3�g /¶��E¤.���E� �g�{¥/¶'�% O O�'���?�C�
�?¥è��¥/¥/ÍC§\�`¦¹ O�â /�%¸��Ø¡3�?��¶·�ß� �Ñ /�?§_�`¥/¶'���?�`¥
§uÍC¶��Þ�Õ�%�/���'�[ /�C���Þ /�E�È����¦C�?�% /�?� �Ø�?�g£)�' /�?§_��º
���E�Q�C�g� �E¤�£ª�/�on�ÍE�`�C¶·³_¥O¡#�`¶· O������¥/�g��¡#�Ì�?¥� /�C�`�+ � u ¹À»�� FÖ¼%º

ï ���E���^±Ã§_�×¦E�`�ç»�������� 9 ±ù�'�/� �?�ß¼`½ ¾%® ¿u�?¥
�?¦E�`�� /�?¶'���T O�1<ÿ±ùÁA�·óE¶·�'¡C Q /�C�% Q�g Ì���Õ�g�*²6¥1£)���

£)��¥O y¡3�? /¶��×¤.���E� �?�¢�Õ¥O�� O�/��¡3�gø`�% /�?� �NºÓÉE���z£)�/�·¤n�ÍE�`�3¶'�g�`¥��·óE¶·�'�`¦C�?�C�Oq ¸  /�C�?¥��g�`��¦C¥� O�_���Ç�·ó�¤
¡�� �C�`�� /�?���N¥/ O�'�'¡��`�3�?�E�]��£- /�E�¥O¡#�`¶· O��ÍC§Èº

ï ���E�1¶·� �� /�?��ÍE� ÍC¥��?��´O�`¶· /�g� �Ú���|¬�ÛX§_��¦C�`�3¦E�·¤
¥/¶·���gÒ#�`¥T /�E�|����¦C�?�% /�?� �u¥/¡��`¶· O�
ÍC§Ã�?�u /�E�|¶'��¥O�
²6�E�'�/�Þ�Å¡#�$²X�'���Õ�`²Ü¦C�Õ¥O O���gÒ3ÍC /�g� �ê��£y£)�/�`¥/�
¡3�%�/ /�?¶'�g�`¥[�?¥\¶·� �� /�?��ÍC� ÍC¥/�g³ß�/�·¤.�?��´O�`¶· O�`¦Ö�Õ�� O�
 /�E�Ö����¦3�g�ê�g��Ò#�`¥'º ���C�s¥/ÍE¡#�'�/¡#� ¥/�? /�g� �Ñ��£
�`�g�`¶· O�/� �Å¡#��¡3ÍC�Õ�% /�g� �C¥Ç��£G¨%�%���g� Í3¥È�%���`¥z�/�·¤
¥/ÍC�g /¥U�Õ�_�Ê�C�g� �E¤�£ª�/�on�ÍE�`�C¶·³]¥O¡#�`¶· O�����C¥��g��¡#�|��£u ¹¶»�� F�$�êcä�º ���C�Â¬�ÛÇ§_�×¦E�`���?¥È���Õ¥O�ÞÍC¥O�`¦
 O�Ó�/�'¡C���`¥O�`�� â¥O¡#�`¶· O���Ä��£Â¶·� §\¡3��¶· 'Á��E� �×¤
�/�`¥O� �g¨��`¦z¥/� ÍE��¶·�`¥'º

���C�6¥O¡#�`¶· O�����CÒ3�/�`�%¸_§_�*¨��`¥� O�G�?�*²��'�X£)�/�on�ÍE�`�C¶'�g�`¥
²6�? /�z /�?§_�u���C¦è /��Í3¥6 /�E�]¶'ÍE�/���`�� Ì�g��¶'�% /�?� �¯��£�q ¸¡C���*¨×�?¦E�`¥Ì�Ú O��� �ù O�y�`¥O /�?§\�% O�] /�E�_�%���]��£� /�E�u����¤
¦C�Õ�% /�?�E�]¡3�?��¥/§[�×º����E��ÒC���`�%¸Ú£)�/�on�ÍE�`�C¶·³Kq ¸ �?¥|�/�·¤
�?�% O�`¦G O�6 /�C��¥O¡#�`¶· O�������%������¥T� �g¨��`�GÒ�³åÌ�g�·óE���C¦E�'�9Ãà0�`����³Â»�¼`½[± ¾�¿
á

@ ô ¼�êcä�½Y"Â¼�$ � m �� ; f � ;��� ¼� q ¸ »�¼ f�� ¿ í @ ³��bî
»�±�ºcä ¿

²6�C�'�/� � �?¥� /�E�1¥/� ÍE��¶·�Q§\�%� �E�' /�?¶6ðC�`�?¦[¥/ O�/�`�E�� /�NÁ� ��� ô ®�êc°�äE»�¼ fc� ¿6;ß¦E�`�E�� O�`¥è /�E�ß�on�ÍC�g¨%���g�`�� 
ðC�`�Õ¦Å¥O O�/�`�E�� /�ê��£u�?��¨��'��¥O�·¤,¬�� §_¡C O� �ê¥�¶'�% O O�'���?�E�
²6�? /�y /�E�Ê¶·� ¥/§\�Õ¶§\�?¶·�/�$²��*¨��ÊÒ3��¶�¸������ ÍC�C¦µ»)Ò#�� /�
�?���T«Ê¿|���C¦tq ¸ �Õ¥| /�E�ÒC���`�%¸Ç£)�/�on�ÍE�`�C¶·³È�?�¯«QÀ1ø�º
���C�[¥O¡#�`¶· O�����U�%���y�?¥¦E�'ðA�E�`¦���¥Ê /�E�[ /�?§\�[¥/�?�C¶·�
 /�E�m�`�g�`¶· O��� �C¥Â�C�*¨��ÞÒ#�'�`�Ã��¶'¶·�`�g�'���% O�`¦Ä£)���{ /�E�
�?��¥/ \ /�?§_��ºâÛ,�Þ /�E�Î¶'��¥O�Î��£�����¦C�g�{� ���Õ��ó×�g�`¥[ /�C�?¥
�?¥Ç /�E� ÍC� �� È O�Þ�C�%¡3¡��`�â�?�â /�E�Â�E�� /¥/¡��� /¥`ºò���E�
ÒC���`�%¸Ä£ª���on�ÍE�`�3¶·³ò¶'���kÒ#�â¦C�' O�'��§\�?�E�`¦�Ò�³ÄðC �¤
 /�?�C�[¥O¡#�`¶· O�����0§\��¦E�`�Õ¥| O�[ /�E�u¥O³×�C¶��E���� O�/� �¯¥O¡#�`¶4¤
 O���è��¥u�g G�C��¥GÒ#�'�`�µ¦C� �E�[Ò�³{��º~�Eº{¬|�%���?�?�?�-�' ]����º
»�¼`½�½×¼*¿
º����E��� ÍE� �E� ÍE � /�3�?¥6 /�C�`¥/�?¥� /�C� ã9� ÆÌå6«Oõ
¥O��£) .²��%�/� » @ ÍE�/� �?�z¼`½�½�± ¿1�C��¥6Ò#�'�`�zÍC¥O�`¦¯ O�Ú¦E�·¤
���?¨��{ /�E�{ÒC�/�`�%¸â£ª���on�ÍE�`�3¶'�g�`¥'ºçåÌ¥z���©�?§_¡3�/�*¨��·¤
§_�`�� u O�Î� �?¦C�'�ÊðC O /�?�C�Î���g�������? /�C§\¥ ã�� ÆÌå6«OõÃ�?¥
�%Ò3�?�Ê O�È�?�C¦E�'¡#�`�C¦C�`�� /�g³ÇðC 1 /�E�GÒ3�/�`�%¸z£)�/�on�ÍC�`�C¶·³
���C¦¢ /�C�\�?��´O�`¶· /�g� �¢�?�C¦E�·ó u ¹¶»w� ») /�E�\¥O¡#�`¶· O�������?�×¤
¦E�·óÚ��£0 /�E��ÍC�C�%���`¦y�?�3�g /�?���C�
��¦C�?�% /�g� �Ç¥O¡#�`¶· O��ÍC§Ú¿
º
åÌ�?¥O�µ /�E�¯¡C����������§ ¡C�/��¡#�'���g³ß O�/�`�% /¥y�g� ¥/¥O�`¥Ç¦CÍE�
 O�k��¦C�?�%Ò3�% /�Õ¶Å�·ó�¡A���C¥/�g� �é��¥Ö²��`�?�Î��¥s /�C�¹�?§]¤
¡3��¶· T��£C¥O³×�C¶��E���� O�/� �×¤.¥O�`�g£E�%Ò3¥/���/¡C /�g� ��� �Ê /�E�X�?�*²|¤
£)�/�on�ÍE�`�C¶·³Ä¥/�C�%¡#�s��£z /�E�Ù¥O¡#�`¶· O��ÍC§ » @ ÍE�/� �?�
�' Ç����ºÃ¼`½�½�½ ¿
ºê���E�è§\�?�C�?§uÍC§ ��ÍC§ÊÒ#�'�Ú��£Ì£)�/�·¤n�ÍE�`�C¶'�g�`¥6 /�C�% 1�3�`¨��u O�[Ò#�Ê�`¨%���?�?�%ÒA�g� O�Ç¡��'��£ª����§



y&� ¿ �8�dÂ��EÃäÄi� e�t f�Â%Å��Ef Ëp�
�ÙðC { O�Å /�E�Þ¥O³×�C¶
�E�/�� O�/� �Ã¥O¡#�`¶· O��Í3§ �Õ¥¢ /�E�/�'��º}â�C�`�\ñ3Í×ó]§_�`��¥/ÍE���`§_�`�� /¥X�% U� �C�g³u .²��Ê£)�/�on�ÍE�`�×¤
¶'�g�`¥Ì�·ó×�Õ¥O 'Á @ ³��'��¥"9 ã ¡3���E� �?�'�]»�¼`½[±�ä ¿Ì�C�*¨��_¦C�?¥�¤
¶'ÍC¥/¥O�`¦ò�©§_�' /�E�×¦Ã O�ê¶'���Õ¶'ÍC�?�% O�Ö¥O¡#�`¶· O�����[�%���`¥
£ª��� §Ü /�E�Î .²��%¤�¡#� �?�� Ç¥O¡#�`¶· O�����6�Õ�C¦E�·óÞ�g£Q��¨%���?ÍE�
£ª��� u ¹¶»�� �Õ¥���¥/¥/ÍC§\�`¦¯�_¡C�
�g������º ? �E�¥/�E� ÍC�Õ¦y¸��'�'¡
�?�{§\�?�3¦è�C�*²��'¨��'�Ê /�C�%  /�C�\�%���`¥Ê�%�/�_�·ó× O�/�`§_�`�g³
¥O�`�C¥/�? /�g¨��Ê O�y /�E�]��¥/¥/ÍC§\�`¦ u ¹¶»w� ºQ���E�u��¶· /ÍC���ù�'�O¤
�/����¥1��£U¶·� ÍE��¥O�u¦E�'¡#�`�C¦È� �Î /�E�Ê���`¦C¥/�C�g£) 6���C¦¯ /�E�
¥O� ÍE��¶·�_§\�%� �C�' /�?¶uðC�`�?¦NÁ�Ò3ÍE Ì��¥��[��Í3�g�Ê��£X /��ÍC§GÒ
�è¨��%���Õ�% /�g� ����£"p]¼�$kjÏ�?� u ¹¶»��   ³�¡A�?¶'���?�g³{�/�`¥�ÍC�g /¥
�?�Â�%���Ç¦C���#�'�/�`�C¶·�`¥��£ e Ë8$�¤ ä'$kj��z¬�� �C¥O�on�ÍE�`�� /�?³
�%���`¥Ú¦C�'���g¨��`¦Ø£)�/� §o  ²X�µ¡�� �Õ�� _¥O¡#�`¶· O�������Õ�C¦C�?¶·�`¥
�C�`¨��� O�_Ò#�Q�?�� O�'�/¡C�/�' O�`¦Ç²6�g /�Ç¶'��ÍE /�g� �Rºr}â�E�'���`��¥
 /�E�tq ¸ ¶'���mÒ��y¦E�' O�'��§[�?�E�`¦ n�ÍC�? O�y��¶'¶'ÍC���% O�`�g³µ�?£
 /�E�|£)�/�on�ÍC�`�C¶·³�����E����¶·�$¨��'�/�`¦_Ò�³Ê��Ò3¥/�'�/¨��% /�?� �C¥��?¥
¥/Í=ð[¶'�?�`�� /�g³\�Õ�%�/���1���C¦Ú²��`�?�A¥���§_¡3�g�`¦NÁ� /�E�Q�?�C�%Ò3�?�g¤
�g .³â O�Þ¦C�g���`¶· /�g³Ö§_�`��¥/ÍC�/�¢ /�E�Â¥O� ÍE��¶·�Â§[�%� �E�' /�?¶
ðC�`�?¦{¥O O���`�E�� /�{�?�� O�/��¦3ÍC¶·�`¥Q�È§\�$´����GÍC�C¶·�'�/ /���?�� .³
�?�m /�E�¯¶'���Õ¶'ÍC�?�% /�g� �m��£�¥O¡#�`¶· O�����|�%���`¥'ºsÛ,�Þ����¦E�'�
 O�G�`¥/ /�?§\�% O� � � �E�1ÍC¥�ÍC���?�g³u�C��¥� O�G�/�`�g³]� �Ç§\�?�C�Ý¤
§GÍ3§©�`�E�'�/��³����T�on�Í3�g¡3�%�/ /�g /�?� ��%�/� ÍC§_�`�� /¥X») /�C�`¥O�
²6�?�?�RÒ��u¦C�?¥/¶'Í3¥/¥O�`¦z�?�¯���/�`�% O�'�¦E�' /���?�T�?�z /�C�u�E�·ó× 
¥O�`¶· /�g� �A¿
º]É-�g� ÍE�/�_±�º?¼_¦C�?¥/¡3�?�`³×¥1 /�E�\¥O¡#�`¶· O�����-�%���
��¥��Ì£)ÍC�3¶· /�g� �Ê��£ � £)����¦C���#�'�/�`�� ù¨%���?ÍE�`¥ù��£!q ¸ ���C¦� ºÎåÌ¥u¶'����Ò#�Ú¥/�'�`�����% /�C�'�u¥/§[���?���'�/�/���
¥G�?�� /�E�
¦E�'���g¨��`¦ � ¨����ÕÍE�`¥�¶'���È�?�� O����¦CÍ3¶·�Ì�?�%�����Ì�'���/����¥��?�@ ºQ���C�Õ¥��?¥1�`¥O¡#�`¶'�?���?�g³y O��ÍE�u�% ��g�*²Ñ�/�`¦C¥/�3�g£ª /¥1���C¦
£ª���ù¥/§\���?� ÒC�/�`�%¸Ì£ª�/�on�ÍE�`�C¶'�?�`¥'ºT�T�6�`¨�� �Õ¦Ê /�E��¡C�/��ÒE¤
�g�`§\¥���£�¡#�����
�g³Ê¦E�' O�'��§[�?�E�`¦]¨%���?ÍE�`¥���£ � � �C�6¶'���
�?�C¥O O�`��¦_¶'���Õ¶'ÍC�?�% O�� /�E�|§\��óE�?§GÍ3§Ñ�%���Ê»)²1�C�?¶��u�×¶4¤
¶'ÍE��¥|£)��� � ��� ô m ® � ¿X£)���6�_� �?¨��`�tq ¸ ���C¦yø�á@ d ó U ô ¼�êcä�äM"Â¼�$ ; ¼� q ¸ »�¼ f�� ¿ � í @ ³��bî »�±�ºc± ¿
å6¡A�%�/ Î£)�/� §M /�E�µÍ3�C¶·�'�/ /���?�� /�g�`¥è�?�� O����¦CÍ3¶·�`¦ÅÒ�³
¶'���?¶'ÍC�?�% /�Õ�E� � ¥O� §_�Î���`�E�'�����Ì¶'�`¨��`�% /¥z¶·� �3¶·�'���×¤
�?�E�Þ /�C�µ�?�� O�'�/¡C�/�' /�% /�?� �Å��£\¥O¡#�`¶· O�����Ê�%���`¥Î�·óE�?¥O 
»"¥O�'�Oõ��?�g�'¸y¼`½�½�±%�×ÁAõ��Õ�g�'¸Ç¼`½�½�±�Ò#¿
º�É-�g��¥O U��£R���Õ�E /�E�
¥O¡#�`¶· O�����-�%���`�?�E�Ç /�E�'���/³¯��¥�¥/ÍC§_�`¥QÍC�C�?£ª����§ §\�%�%¤
�E�' /�?¶ÊðC�`�?¦C¥6²6�C�?¶
�z�?¥6���Õ§_� ¥O 1¶·�'�� /���?�C�g³y£"�%�1£)�/� §
 /�E�\ O��ÍC�_¡3��³×¥/�?¶'����¶·� �3¦C�g /�g� �C¥��Õ�¢����¦C�g�z¥O� ÍC��¶·�`¥'º
Û,�m§\����³{����¦C�?�¯� ���?��óE�g�`¥u /�C�% _�C�`¨��yÒ#�'�`�ß¥O /ÍC¦×¤
�g�`¦\²1�g /�[¥/ÍAð[¶'�g�`�� U�/�`¥O� �?ÍC /�g� �\²��6ð3�3¦\ /�E�1�`§\�?¥�¤
¥/�g� �y O�_Ò#���C�g� �C�?³\ð3�?��§_�`�� /�%�/³¢»)��º~�EºX�?� @ ± ¾u¥O�'�? ²��`�Å�' z����º ¼`½�½[± ¿
Á�²6�C�?¶
�Å�?¥y¨��'�/³Ù�?�g¸��`�g³�ÁÌ�% 
�g�`��¥O �?�è¡3�%�� 'Á0¦CÍE�] O�Èñ3ÍC¶· /Í3�% /�g� �C¥Q��£� /�C�\§\�%�%¤
�E�' /�?¶_ð3�`�?¦{¥O O�/�`�E�� /�Rº\Û,��¥/ÍC¶����z¥/�g /ÍC�% /�?� �¢�`�g�`¶4¤
 O�/� �C¥¢�?�ê /�E�µ�g�$² ðC�`�?¦©���'� �g� �C¥Î��£_ /�E�ß¥/� ÍE��¶·�

0

5

10

15

20

25

30

35

40

45

0 5 10 15 20

υ  = 10GHzb

µSource Magnetic Field [    G]

S
pe

ct
ra

l A
ge

 [M
yr

]

z= 0.3

z= 0.15

z= 0.05

0

10

20

30

40

50

60

70

80

90

100

0 5 10 15 20

µSource Magnetic Field [    G]

bυ  = 1 GHz

υ  = 10GHzb

υ  = 20GHzb

υ  = 5 GHzb

υ  = 2 GHzb

S
pe

ct
ra

l A
ge

 [M
yr

]

z= 0.15

<-=?>A@CBED��EH¡ ·K �`+û�&ºþ��.� � �
�%û���|�Ê	 � ü$&ºþ� ý%ü�ý
	-�Æý � ��&*û���
�%ü�ûºþ��&n¢¨û � ú��äþ���û*ü��¯þ���Zn£�¤6¥'¦�§ x ��û � +�+û,��+%�¯ü¨û � ����ý¨�R�þ��¨û����%ûQ	¶ý��kú$ª©^û,��û*ü�þ|��ûbú*����~	Àþ��6�®ü¨úÇ��¢«5Eûbú[^*��ûO�¬3_	w��û6V � û*ü�& (ký�	R�O�¯®ù�g�
Z±° � ûdþ�ý}þ���û���ûbú$���$�	 þdúEû�+û*ü¨ú�û*ü$&*û�ý
	þ��¨û6 ü`��û ���Æû6�²�ý4�|+�þ�ý®ü � ý4���Æû��}þ���ûcúEû,�����ûbú]��+û�&ºþ��.� � �
�®û������û\����4��û,�	¶ý��u����� �³� �]	¶ý��]�y�
���û*ü¢^*��ûO�¬3È	J��û�V � û*ü�& ('Z£�´µ¥'¤<¤<¥8¶�§ x �¨û � ý¨�)û ��+ � ý®þ�ú$���+ � ��(*�mþ��¨û|ú�û�+ûºü�ú�ûºü�&*û7ý
	þ��¨ûN���%û)ý®ü|þ��¨û��Æý � ��&ºûN���
�%ü�ûºþ��&!¢�û � ú�	¶ý��-ú$ª©^û,��û*ü�þC�
� � � û��ý
	¸·i¹-�¯ü�ú���¢�5Eûbú6��ûbú$���$�	 þdý�	!º�Wè��»��¨¼`Z � �ù&��®ü�^ûU�Æû*û*ü�.�¯þ��¨û ������� �³� � ü$&*û,�Æþ.�� ü�þ� û��� ü³þ��¨û6�
��� � �:ûbúG�
� � � û�ý�	n½&O�®üQ ü�þ���ýoú � &*û � �����%û3û,����ý����T üOþ���û3ú�û,�����ûbú1�
�®û���Z x ����0��û���+û�&�c� �¾� (ôþ�� � ûR	¶ý�� � ý¨�z^*��ûO�¬3�	w��ûOV � û*ü$&� û��N�¯ü�ú|��ûbú$���$�	 þ���Z
�?��� ¥O�È�`�C�'�/��³m� �C�g³�¨��'��³m¥��g�*²6�?³µÍC�� /�?�� /�E�'³Ø¦C�g£ª¤
£"ÍC¥O�Þ�Õ�� O�Å /�E�s�C�g� �ÐðC�`�?¦Ð���'� �g� �C¥{²6�C�'�/�m /�E�'³
¥/ /�%�/ ��g��� ¥/�?�E�Q�`�E�'����³u��¶'¶·����¦3�?�E� O� /�C��¥O /���C¦C�%��¦
¥/³��C¶
�E�/�� O�/� �è�%���`�?�E�Ú /�E�'���/³�ºÌ����Í3¥'Á3 /�E�]¦E�'���?¨��`¦
¥/¡��`¶· O�
���E�%���`¥�²X� Í3�?¦uÒ��|�C�?� �C�g³ÊÍC�3¦E�'�/�`¥O /�?§[�% O�`¦Nº
É3ÍE�/ /�E�'��§\���/��Á�¥/ O��¶
�C��¥O /�?¶%Á× /ÍE�/ÒAÍC�g�`�� ��/�`��¶'¶·�`�g�'����¤



Ë2¿ rdsktcucv�w7xcy � u7wOrôvdx�t�z>tc�kt�z|{ � � �
 /�g� �Ç��£R /�E�Q¡3�%�/ /�?¶'�?�`¥X¶'���È�g�`��¦Ç O�_�u¥O³��3¶��E�/�� O��� �
¥O¡#�`¶· O��ÍC§o�/�`¥/�`§ÊÒ3�Õ�?�E�¢ /�C�% [��£��µÍC¥/ÍC���|�%���`�?�C�%¤
� �C�g³Ø§_�×¦E�`�o»"æX�����*¨×¥O¸�³QÀ õX�?�g�'¸Ù¼`½[±�± ¿
ºÑ�6�E�
¦E�`¶'�`³G��£C /�E��ÒC�/�`�%¸�£)�/�on�ÍC�`�C¶·³�?¥ù�E�*²��'¨��'�� /�%¸��Õ�E�
¡3�?��¶·�6§uÍC¶��Ç¥/�g�$²X�'�X /�C���\¡3�/�`¦C�?¶· O�`¦_Ò�³] /�E�6¥O /���E¤
¦C�%��¦m§_�×¦E�`��º�É-�?�C���Õ�g³�Á� /�E�È��¦×¤.�E�×¶y��¥/¥/ÍC§_¡3 /�g� �
��£R��¡#�*²��'���?�`²â¦C�?¥O O�
�gÒ3ÍE /�g� �u��£#�`�g�`¶· O�/� �Ú�`�E�'�/� �?�`¥
¦E���`¥È�C�� z�E�'�`¦Ù O�ØÒ#�è O�
ÍE� »äõ��?�g�'¸ÁÀ å6�/�`�3¦E 
¼`½�½�± ¿
º�Û��Ù¥/ÍC§\§[�%�/³Ö�g y�?¥y�?§_¡#���/ /���� y O�m�C�� O�
 /�C�% G¥O¡#�`¶· O�����X�%���`¥]¶'���?¶'ÍC�?�% O�`¦ßÍC¥/�?�C�z§\�?�C�?§uÍC§
ðC�`�?¦C¥Q�%�/�_�E�� ��E�`¶·�`¥/¥��%���?�g³z�on�ÍC���ù O�EÁRÒ3ÍC 1���% /�C�'�
¡C�/�*¨×�?¦E�Ç�¯ð3��§÷�g�$²X�'�]�?�?§[�g  O�è /�E�[ O��ÍC�Ç¥O� ÍC��¶·�
�%���`¥'º
Z-�?� Â��\Ã|���ÅÄ|� Æ�Ã7�A� �±Ç
å1¥Ç²���¥Ú� ÍC /�?�?�E�`¦s�%Ò��$¨��¢ /�E�è¦C�' O�'��§\�?�C�% /�?� �Ö��£
¥O¡#�`¶· O�����X�%���`¥u�/�`�Õ�g�`¥�n�ÍC�g O�Ç�E�`�`¨×�?�g³¢� �µ /�E�Ú�`¥/ /�Ý¤
§\�% /�g� �â��£ /�E�¢¥O� ÍE��¶·�¢§\�%� �E�' /�Õ¶¯ðC�`�Õ¦ � ºÈ}{�
¶'���C�E�� 'Á\�E�$²X�'¨��'�`Á\¦C�' O�'��§\�?�E�ß /�E�m¨%���?ÍE�ß��£ �¦C�g�/�`¶· /�g³Ó£ª�/� §  /�E�Ù��Ò3¥/�'�/¨��% /�?� �C¥'º ���C�â�
��¦C�g�
�?ÍC§\�?�C� ¥/�g .³ÈÉ v ¦E�' O�'��§[�?�E�`¥{� �C�?³¹ /�E�Ö¡C�/�×¦CÍC¶· Ê*Ë � s4ÌÎÍ Á�²6�E�'�/� Ê �?¥- /�E��¨�� �?ÍC§_�|��£� /�E�|¥O� ÍE�
¶·��ÁË �Õ¥¦E�'ð3�E�`¦¢Ò�³¢ /�E�\�`�g�`¶· O��� ���`�E�'����³¢¥/¡��`¶· O�
ÍC§
»ÐÏß»Ð�]¿ [ � ô Ë �MÑkÒ�¿
ºÐ¬�� �3¥O�on�ÍC�`�� /�g³Þ�? [�?¥Ç�?§]¤
¡�� ¥�¥/�gÒ3�g�_ O�è¦E�`¶'�?¦E�[²6�E�' /�E�'�]�¯�C�?� �Â�?ÍC§\�Õ�E� ¥/�g  ³
�?¥6¡3�/��¦3ÍC¶·�`¦¯Ò�³z�`�g /�C�'�Ì�y�g�$²¹�`�g�`¶· O��� �¢ñ3Í×ó¯�?�Î�
�C�g� �zð3�`�?¦NÁ3���Q¨×�?¶·�Ê¨��'�
¥/�×ºÌ�6�E�'�/�G�Õ¥'Á��C�*²��'¨��'�`ÁN�
²��*³Ø O�Â�`¥O /�?§\�% O�Î��ÓÕÔ�ÖµÔ�Ó�×�Ó ¨%���?ÍE�È£)��� � £)���
�¯� �g¨��`�m�?Í3§\�?�E� ¥/�? .³¢���C¦�¨�� �ÕÍC§_��ºÎ�6�E�[���`�E�'�
���
¶·� �C¶·�'¡C /¥��£�¶'���?¶'ÍC�Õ�% /�?�E� � d ¹¶» ²6�Õ�?�0Ò#�_� ÍE /�Õ�?�E�`¦
ÒC���g�'ñC³{�?�µ /�E�Ç£ª� �Õ�g�*²6�Õ�E�EºÎÉE���\�¢§_�����Ç¦E�' /���Õ�g�`¦
¦C�?¥/¶'ÍC¥�¥/�g� �y¥O�'�Êà0� �E� ���g�G»�¼`½�½ ¾�¿
º
���E�Ê O�� /���ù�`�E�'����³È��£U�[����¦3�g�[¥O� ÍE�
¶·�G�?¥1 /�E�G¥�ÍC§
��£ù /�C��¡3�%�/ /�?¶'�g����3¦È /�E�§\�%� �E�' /�Õ¶��`�E�'�/��³�á

ØÚÙ ¼ Ù ó�Û ô Ê�Ü Î f Ê � ;
°��ÞÝ!ß

²6�E�'�/� Ü Î ¦E�`�C�� O�`¥U /�E���`�C�'�/��³_¦E�`�C¥/�g  ³G��£# /�E�|���`�Ý¤
�% /�g¨��Õ¥O /�?¶Ç�`�g�`¶· O�/� �C¥`ºß�T�¢ /�%¸��¯�?�� O�Â��¶'¶·� ÍC�� [ /�E�
¡3�%�/ /�?¶'�g�X�`�E�'�/��³¡3�/�`¥O�`�� ù�?�G /�E��£ª���
§ê��£C���`�?�% /�g¨×�?¥�¤
 /�?¶È¡C�/�� O� �3¥ Ü Ò � �C�Î��¥/¥/Í3§_�`¥_ /�C�% Ú /�E�z¡C�/�� O� �3¥
�C�`¨���àÂ /�?§_�`¥| /�C��`�E�'�/��³y��£ù /�E��`�g�`¶· O�/� �3¥'áÜ Ò ô à Ü ÎÜ¨Ù ¼ Ù ó�Û ô »�¼ f àù¿ Ü Î

ô á Ü Î
�0�Ø¶'���?¶'ÍC�Õ�% O�è /�C�Î¡3�%�� /�?¶'�g�è�`�E�'�/��³Ö�ß¡#�*²��'���?�*²
�`�g�`¶· O�/� ��`�C�'�/��³¥O¡#�`¶· O��ÍC§Ù²6�? /���§\�?�3�?§GÍ3§â���3¦

§\��óE�?§uÍC§ �`�E�'�/��³Ø¶'ÍE O�'�Ó»Ð� d ¹¶» ���3¦Å� d óãâ ¿u�?¥
��¥/¥�ÍC§_�`¦Nº�ÉCÍE�� /�E�'��§_���/��Á��`�g�`¶· O�/� �C¥���£R�Ê¡3�%�/ /�?¶'Í×¤
�?�%���`�E�'�/��³Ç�%�/�Q /�%¸��`�È O�]����¦C�?�% O�Q§_� �E�×¶��C�/� §\�% �¤
�?¶'���Õ�g³Ú�% � /�C�`�g��¶·���g /�?¶'���#£)�/�on�ÍE�`�C¶·³y¥O�\ /�C�% 'á� d ó�â )�q s Ó<;d ó�â � d ¹¶» )�q s Ó<;d ¹À»
É-�?�C���Õ�g³\²���/�`¶·�`�g¨��£)���� /�E�Ê O�� /���R�`�E�'�/��³�á

ØÚÙ ¼ Ù ó�Û ô Õ á É v � Ñ � Ó<; f Ê � ;°��ÞÝ ß »�±�ºw¾�¿
²6�C�'�/�è«÷�?¥\�Â£"ÍC�C¶· /�?� �Ø��£ u Áäq d ¹¶» Á����C¦Áq d óãâ»"¥O�'�\à0� �E� ���g�[¼`½�½ ¾�¿
º @ �?�3�?§\�gø`�?�C�\ /�C�?¥Q O�'��§ ²X�
�/�`¶·�`�?¨��£ª���6 /�E�Ê§\�?�3�?§GÍ3§Ó�`�E�'����³Aá

Ø d ¹¶» ô
¾

±��ÞÝ Ê � Ó¨å�æ ®�� Ý° Õ á É v«ç + Ó¨å »�±�ºþ± ¿
���C¦z£ª���� /�C�§\�?�C�?§uÍC§k§\�%� �E�' /�Õ¶�ðC�`�?¦Ná

� d ¹¶» ô æ ®��ÞÝ° Õ á É vÊ ç ;	Ó¨å »�±�ºc½ ¿
å� G /�C�?¥¡#� �?�� Ê�g G�?¥�²����/ /�� O�è�/�'¨×�g�'²Ó�%� ���?�µ /�E�
¶'�*¨��`�% /¥1��£ù /�E�Ê§[�?�C�?§uÍC§��`�E�'�/��³Ç /�E�'���/³�á

ï ���E�| O�� /���A�`�E�'�/��³]��£N /�E�6¥O� ÍC��¶·�6�?¥U¥/�`�C¥/�g /�g¨��
 O�Ì /�C�X¨%���?ÍE����£ á ºg}{�|¸×�E�$²m�Õ�g O /�g�X�%Ò#� ÍE -�g /¥
��¶· /ÍC���N¨%���?ÍE�Ò3ÍC ��? ��?¥�¶·� §\§_� �3�g³Ç��¥�¥/ÍC§_�`¦
 O�ØÒ��¢ÍC�C�? .³�ºòÀ1�*²��'¨��'�`ÁÿõX�?�g�'¸èÀ ÀÌÍE� �E�`¥
»�¼`½�½×¼*¿U�C�*¨��1¦E�`§\� �C¥O O���% O�`¦[ /�C�% X¥O� §\�6¡3�%�O¤
 /�?¶'�g�Å��¶'¶·�`�g�'���% /�g� �é§_�`¶
�C���C�?¥/§[¥Ø¶'���ç¡C�/�%¤
¦CÍC¶·�¢Ë8$&$m /�?§_�`¥È§_�����{�`�E�'�/��³Ù�?�â¡C�/�� O� �C¥
 /�C�% 6�?�y�`�g�`¶· O��� �C¥'º

ï ���E�_¶'ÍE O�'�m£ª�/�on�ÍE�`�C¶'�?�`¥��%�/�\¶·� §\§_� �C�?³Î��¥�¤
¥/ÍC§_�`¦ iÃ¥O� §_�'²6�3�% µ�%�/Ò3�? O���%���?�g³ iÑ O�¹Ò��q d ¹¶» ô ¼�$ @ À1øÊ���C¦tq d óãâ ô ¼�$&$Ç«QÀ1ø�º
���E�Ð�`�E�'�/��³é�`¥O /�?§\�% O�Ä¦C�'¡��`�3¦C¥Ù�E�*²��'¨��'�
� �C�g³[²��`�%¸×�g³y� �È /�E�`¥O�¡A�%����§_�' O�'��¥'º

ï ���E�_ O�� /���U�`�C�'�/��³Â¶'���?¶'ÍC�?�% /�?� �Â¦E�'¡#�`�C¦C¥Ì� �
 /�E�G¨�� �ÕÍC§_� Ê ��£U /�E�_¥O� ÍC��¶·�u���3¦è��¥�¥/ÍC§_�`¥
 /�C�% 6 /�E�u¡3�%�/ /�Õ¶'�g�`¥6���C¦è§\�%� �E�' /�Õ¶ÊðC�`�Õ¦C¥|ð3�?�
 /�E�G�`§[�g O /�?�E�Ç¨�� �?ÍC§_�]ÍC�C�?£ª����§[�g³�º6À1�*²��'¨��'�
�C�g� �×¤��/�`¥/� �?ÍE /�g� �k§\�%¡3¥s�?�C¦C�Õ¶'�% O�Å /�C�% Þ /�E�
�`§\�?¥/¥/�?� �Ê£)�/� §Ñ����¦C�g�Q¥O� ÍE�
¶·�`¥ù�Õ¥T O�¥/� §_���·ó�¤
 O�`�C¦¢ð3�?��§_�`�� /�%�/³�º]���E�'�/�'£)���/�\�yð3�Õ�?�?�E�\£"��¶4¤
 O���êéÞ�?¥]ÍC¥/�`¦m O�Â¦E�`¥/¶·���gÒ#�Ú /�E�y£ª����¶· /�?� �m��£
 /�E�G¨�� �ÕÍC§_�]¶·� �� O���?Ò3ÍE /�?�E�Ú O�Ú /�C�u�`§[�?¥/¥/�g� �Rº
���E��¨%���?ÍE�1��£|éÈ���C¦[²6�E�' /�E�'���g X�Õ¥�¶·� �C¥O /���� 
£ª���6���Õ�N����¦C�g�_¥O� ÍC��¶·�`¥6�?¥6ÍC�E¸×�E�*²6�Rº:_1¥/Í3���?�g³é¯�Õ¥|��¥/¥/ÍC§_�`¦z O�\Ò#�ÍC�C�g  ³�º



y&�Ày x Â%Ê�ë e ÃÆÊ Ë�Ë
���E�/� ÍC� �E� ÍE ] /�E�È /�E�`¥/�Õ¥ � d ¹¶» ���C¦ Ø d ¹¶» �C�*¨��
Ò#�'�`�_¶'���?¶'ÍC�?�% O�`¦]£)� �?�g�$²6�?�E�QàR� �E� ���?�|»�¼`½�½ ¾�¿
º����E�
¡3�%����§_�' O�'�
¥��`�� O�'���?�E�Ê /�E�6¶'���?¶'ÍC�Õ�% /�g� �\�C�*¨��1Ò#�'�`�
 /�%¸��`�µ��¥`á�q d ¹¶» ô ¼�$ @ À1ø�Á�q d óãâ ô ¼�$&$è«QÀ1ø�Ááéô ¼Ø���C¦ìé ô ¼%º ���E�Ø¶·� ¥/§_� �g��� �Õ¶'���_¡3��¤
����§_�' O�'��¥Ç�C�*¨��¯Ò#�'�`�Þ¶��C� ¥O�`�Ö��¥îí ô $�êw¾%äµ���C¦ì Ý ô $�êcä�º����E��¥O� ÍE��¶·�X¨�� �?ÍC§_�`¥ù�C�*¨��XÒ#�'�`�u¶'���?¶'Í×¤
�?�% O�`¦è��¥/¥/ÍC§\�Õ�E�\�[¶·³×�?�?�C¦C���?¶'���#¥/�C�%¡#�£)���6 /�E�G����¤
¦C�g�[�?��Ò��`¥1���C¦Î£ª� �?�?�*²6�?�C�_ /�E�G§_�' /�C��¦Î¦E�`¥/¶·���gÒ#�`¦
Ò�³Èæ�ÍE���3¥��' 6����º0»�¼`½ ¾%½ ¿
º
Z-�ª� �l���'Ä�����¿��¡�)��, x�âê,�à)�?ë��
É-�g� ÍE�/�1±�ºc°Ê¦C�?¥O¡A�?�`³×¥- /�E�6�?�� O�'�����% O�`¦Ç¥O¡#�`¶· O��ÍC§Ã��£
Ë�¬Q¼`°�º¾$ ®y�?�È /�C�G£)�/�on�ÍE�`�C¶·³y�����E���u£ª��� §¶±'$ @ À1ø
 O�©¼�$×º~Ë�äÞ«QÀ1ø�ºÓ���E�e±'$ @ À1øÂ¦C�% /�%¡#� �?�� ¢»)�·ó�¤
 O����¶· O�`¦ £)�/� §  /�E� ±-�%�/¸��`¥¹¬��% /���?��� ÍE�$¿â�?¥Ù�?�×¤
¶·� �C¥/�?¥/ O�`�� Ä²1�g /�  /�E�çñ3ÍEó §_�`��¥/ÍC�/�`§_�`�� /¥Ä�% 
¼*¾�± @ À1ø����3¦ÊË8$J± @ À1ø�º�å� �¼*¾�± @ À6ø� .²��Q�?�C¦E�·¤
¡#�`�C¦E�`�� Q§\�`��¥/ÍE�/�`§_�`�� /¥�C�*¨��\³×�g�`�?¦E�`¦è�?¦E�`�� /�?¶'���
ñ3Í×ó×�`¥'º�}{�Q /��ÍC¥�Ò#�`�?�g�'¨��� /�E�|±'$ @ À1øÌ¦C�% /�%¡#� �?�� 
 O�ÊÒ#���'�/��� �E�'� ÍC¥����3¦\�C�`¨��Ìñ3�%�����`¦Ú�g �¦CÍE�
�?�E�Q /�E�
ðC O /�?�E�1¡C�/�×¶·�`¦CÍE�/��ºT���E�X¥/� �?�?¦�?�Õ�E���/�'¡C�/�`¥/�`�� /¥T /�E�
Ò#�`¥O |ðC O /�?�E�Ú¬�Û�§_�×¦E�`�#²6�? /� u ¹¶»�� ôðï $�ê~Ë�®�º����E�
¥O¡#�`¶· O�����#ðC |�?�C¦3�?¶'�% O�`¥��u�?�*²Å£)�/�on�ÍC�`�C¶·³\ÒC�/�`�%¸Ç�% q ¸ ô ½�®×¼ @ À1ø�ºÐ�T�`¥O /¥y��£ /�C�è¥O /�%ÒA�?�?�g  ³Ø��£ /�E�
ðC È¥O� �?ÍE /�?� �â�3�`¨��{Ò#�'�`�â¡��'��£ª����§\�`¦sÒ�³s¶·� �3¥O�`¶4¤
ÍE /�g¨��`�g³ßñ3�%��� �?�C�Â���?���g�$²ç£ª���on�ÍE�`�3¶·³µ¦C�% /�%¡#� �?�� /¥
���C¦¢�/�'¡#�`�% /�?�E�y /�E�_ð3 'ºGÛ, �C��¥Q /ÍE���C�`¦¢� ÍE Q /�C�% 
 /�E���g�$²Þ£ª���on�ÍE�`�3¶·³ÊÒC�/�`�%¸G¡#�'��¥/�?¥O /¥ù�'¨��`�[²6�E�`�]���?�
£ª���on�ÍE�`�3¶'�g�`¥�Ò#�`�g�$²Ó¼%º~Ëy«QÀ1øG�3�`¨��ÊÒ#�'�`�ÈñA�%�����`¦Nº
���E���?§\¡3��¶· �� �Mq ¸ ���C¦ u ¹À»�� ²���¥�§\�%��� �?�C����º�¬�� �×¤
¥O�on�ÍE�`�� /�?³\²X��¶·� �C¥��?¦E�'�� /�C�Q�?�*²|¤�£)�/�on�ÍE�`�C¶·³\¥O¡#�`¶4¤
 O�����NÒC���`�%¸Ç O�[Ò������`����º
ã ¡#�`¶· O�����k�?�C¦E�·ó §\�%¡3¥ �%  � �/�`¥O� �?ÍE /�?� � ��£
±�½¨h hã"�±�½¨h h1�C�*¨���Ò#�'�`���ÒC /���Õ�E�`¦Ò#�' .²��'�`�Ç¼%º~ËQ«QÀ1ø
���C¦k¼�$×º~Ë�äê«QÀ1ø�Áu���3¦¹Ò#�'  ²X�'�`��¼%ºcä©«QÀ1øØ���C¦
¼�$×º~Ë�äÓ«QÀ1øÓ»"É-�g�Eº ±�ºc® ¿
º ���C�s O�/�`�3¦ò��£Î /�E�
¥O¡#�`¶· O�������?�C¦C�·óâ���g� �E�m�on�ÍC�?¦C�Õ¥O /���� y¡#� �?�� /¥y¶·� �×¤
�E�`¶· /�?�E�s /�E��¡3���?§\�%�/³â O�â /�E�µ¥O�`¶·� �3¦C�%�/³©�g��Ò#�`¥
�%�/�{¦C�?¥O¡A�?�`³��`¦â�?�âÉù�?�EºÓ±�º~ËEºÓ���E�¢¥O¡#�`¶· O�����Q�?�×¤
¦E�·ó��Õ¥µ§\�%��� �?�C���?�g³Ã¥O O�'�'¡#�`�C�Õ�E�ê£)�/� §  /�E�â¡C���Ý¤
§\�%�/³¢» uòñ ï $�êþ± ¿� O�*²��%��¦C¥� /�E��¥O�`¶·� �C¦3�%�/³[�g��Ò#�`¥
» u ñ ï ¼*¿
º æ��/�`�%¸ç£)�/�on�ÍE�`�C¶'�g�`¥â�C�`¨��ÐÒ#�'�`�
¦E�'���g¨��`¦Ö£ª��� §Ü¥O¡#�`¶· O���µ�?�C¶'�?ÍC¦3�?�E�{®{£)�/�on�ÍC�`�C¶'�g�`¥
»�¼%º~Ë�«QÀ6ø�Á�¼%ºcä¢«QÀ1øÈ���C¦Ö¼�$×º~Ë�ä{«QÀ1ø$¿
º ß ÍE�Ú O�
 /�E�\¡#������£ª�/�on�ÍE�`�C¶·³¢¶·�*¨��'�
�%���Ú /�E�Ú�?��´O�`¶· /�g� �{�?�×¤
¦E�·óß�3��¦� O�{Ò#�[ðCó��`¦ß O� u ¹¶»�� ôóï $�ê~Ë�®�ËÂ��¥_�?�×¤

8 9 10

-1

0

1

4C12.03 Integrated Spectrum

<-=?>A@CBEDY�EHJI�Kõô ü�þ�û����.�¯þ�ûbúä�*+û,&ºþ�� � �Øý
	���²T�/2'Z �i�*Z x �¨ûú��¯þ.��+ý4 ü�þ��\�%�O��ûÈ^û*û*üß&*ý4�|+$ � ûbúÂ	J��ý
� þ���û �  þ�û �.�¯þ � ��û�®ü�ú���û,��ûù&*ý
�|+ � û��:û*ü�þ�ûbúö�R þ��¯÷ � 5Eû��-ý
^�þ.�� ü�ûbú|	J��ý4�Øþ��¨û� � � þ�ª?	J��ûOV � û*ü�&,(T�.�%ú* ý0����
�®û���Z x �¨ûA�Æý �  ú �  ü¨û3��û�+$��û,�Æû*ü�þ��þ��¨û-^û��äþ±¢�þÆþ� ü��ø² ô �:ýoú�û � Z�ú$�¯þ.�
+ý
 üoþ��R���/��3�ûbú|^'(ký
+û*ü&�~��& � û��A���O��û#^û*û*üö÷����4�%û*úX	¶ý���þ���û!¢¨þÆþ� ü$�-+$��ý'&*û*ú � ��û
Z x �¨û¢¨þ×+����.���:ûºþ�û,���E�¯ü�ú�û,����ý
���E&��®ü�^ûA	¶ý � ü¨úU ü3þ��¨ûµ¢%� � ��û � û���û*ü�ú Z
¦3�?¶'�% O�`¦ÈÒ�³Ç /�C�ðC | O�\ /�E�G�?�� O�'���
�% O�`¦¯¥O¡#�`¶· O��ÍC§zº
�6�E�6 O�/�`�3¦\��£|q ¸ �Õ¥�¦C�?¥/¡3�?�`³��`¦Ú�?�[É-�g�Eº×±�ºcä�º����E�'���
�Õ¥��\������¦3ÍC���R¦E�`¶·�/�`��¥/�Ê��£-ÒC�/�`�%¸y£)�/�on�ÍC�`�C¶·³y£ª�/� §q ¸ ñ ¼`±\«QÀ1ø\»)¡C���?§[�%�/³\�g��Ò#�`¥
¿U O�Yq ¸ ñ ¼�$[«QÀ6ø
»"¥/�`¶·� �C¦C�%�/³ê�?��Ò��`¥4¿
º ���E�� O���`�C¦©��£_ÒC���`�%¸©£ª���·¤n�ÍE�`�C¶'�?�`¥_�?¥]¨��'�/³Ø¥/�?§\�Õ�?�%�G£)���\ /�E�q�C���/ /�¸ùß�`��¥O 
���3¦z /�E�k¥O� ÍE /�¸ùm²X�`¥O Ì�g��Ò#�`¥'º ? �E�Ê¥/�C� ÍC�?¦È¸��'�'¡
�Õ�_§\�?�C¦u /�C�% U /�C�|ÒC�/�`�%¸u£ª�/�on�ÍE�`�C¶'�?�`¥�§\�g� �� U�C�`¨��
Ò#�'�`�GÍC�C¦E�'�/�`¥/ /�?§\�% O�`¦¦CÍC�U O�6 /�E�X£)���?���g³ÌÒ3��¦Ê¶·�$¨�¤
�'�
�%���G�?�È£)�/�on�ÍE�`�C¶'�g�`¥`ºXåÌ¥6§_�`�� /�g� �E�`¦Î�%Ò��$¨��Ê /�E�
�Õ�� O�'�����% O�`¦¯¥O¡#�`¶· O��ÍC§k¥O�'�`§\¥� O�\�?�3¦C�?¶'�% O�Q�_¥O¡#�`¶4¤
 O�
����ÒC���`�%¸�Ò��`�?�*²Ù¼�«QÀ1ø�º-Û,�u¥/ÍC¶
�G�Ì¶'��¥O��� ÍE�ù£ª���·¤n�ÍE�`�C¶·³Â¶·�$¨��'���%���§i{²6�g /�Â /�C�Ç�g�$²X�`¥/ G£)�/�on�ÍE�`�C¶·³
Ò#�`�?�C�z¼%º~ËÈ«QÀ1ø�iy§\�g� �� 6Ò#�Ê�Õ�?�Ý¤.¥/ÍC�? O�`¦y O�[��ÒC /���?�
���`�?�?�%Ò3�g��¨%���?ÍE�`¥���£±q ¸ ºùÛ��_¶'��¥O�1��£AË�¬Q¼`°�º¾$ ®�Á�����¦C�?�
��ÒA¥O�'�/¨%�% /�g� �C¥�% G±'$J± @ À1ø\²�� ÍC�?¦¢Ò#�\�E�`¶·�`¥/¥��%�/³
 O�u¡C�/��¡#�'���?³u¶·� �EðA�E�� /�E�Q�g�*²�¤�£ª�/�on�ÍE�`�C¶·³_¥O¡#�`¶· O�����
Ò3�/�`�%¸Aº@ �?�C�Õ§GÍC§ �`�E�'�/��³Â���C¦�ðC�`�?¦C¥G�C�`¨��ÇÒ#�'�`��¶'���?¶'Í×¤
�Õ�% O�`¦Ã�% {¨��%���?� ÍC¥è¡�� �Õ�� /¥¢�?�Ñ /�E�Ø¡C�
�?§\�%�/³©���C¦
¥/�`¶·� �C¦C�%�/³ �g��Ò#�`¥�»"¥O�'�òÉ-�g�Eº¢±�º~Ë�¿
º Û�� ����¦E�'�
 O�¹¦E�`¶·�/�`��¥O�Þ /�C�Þ�'�/�/����¥¢ñAÍ×ó��`¥��C�`¨��ÞÒ#�'�`�Ä�Õ�×¤
 O�'���
�% O�`¦��?�ÓËC¼p"UËC¼s¡A�Ýó��`�ÚÒ#�`ó×�`¥m¶·�`�� O�'�/�`¦k� �



Ë�ï rdsktcucv�w7xcy � u7wOrôvdx�t�z>tc�kt�z|{ � � �
 /�E�Þ§\�%�/¸��`¦Ã�g�×¶'�% /�g� �C¥`ºÜ���E�m¨%���?ÍE�`¥è��£ � d ¹À»
���C¦Þ�� /�E�'�È¶'���?¶'Í3�?�% O�`¦Þ¡C����¡��'�� /�g�`¥[�%�/�è�?�?¥O O�`¦Ö�?�
�T�%ÒRº]±�º?¼%º ���E�Ö§\�Õ�C�?§uÍC§ §\�%� �E�' /�?¶ÖðC�`�?¦Ã��£
 /�E� �E���/ /�¸ùm�`��¥O è�?��Ò��µ¡C�/�����/�`¥�¥/�g¨��`�g³Å¦E�`¶'�?�Õ�E�`¥
£ª�/� § � d ¹¶» ô Ë=êc°��T«ò O� � d ¹¶» ô °�ê?¼w�T«]º�Û��Î /�E�
¥O� ÍE /�¸ùß²��`¥O _�g��Ò#�Ç /�E�Ç�3�g� �E�`¥O ]§\�%� �E�' /�?¶ÇðC�`�Õ¦C¥
» � d ¹¶» ô Ë=êc®��T«¿u�%�/�È�E�� ]¶·� �?�C¶'�?¦E�`�� u²6�g /�µ /�E�
 /�g¡Å��£Ê /�E�Â��¶· /�?¨���¥O� ÍE /�E�'�
�â�?��Ò���ÁÌÒ3ÍE È�?�3¥O O�`��¦
¶'���ÐÒ��µ£ª� Í3�C¦¹�Õ�ê /�E�m�C�g� �¹ÒC���?� �� /�E�`¥�¥¯�/�'� �?� �
¶·� �C�E�`¶· /�?�E�¢ /�E�y��¶· /�g¨��y O�¢ /�E�È¥O�`¶·� �C¦C�%��³��g��Ò#�`¥
»)Ò��'  ²X�'�`�Î�/�'� �g� �3¥�°_���C¦¯® ¿
º
ã ³��3¶��E�/�� O��� �µ�%���`¥_�C�*¨��yÒ��'�`�ß¶'���?¶'ÍC�Õ�% O�`¦µÍC¥��?�E�
 /�E��¦C�'���g¨��`¦Ê§[�%� �E�' /�?¶XðC�`�?¦C¥�»"¥/�'���ù�%ÒRº�±�º?¼*¿
º-�6�E�
 O�/�`�C¦µ��£øú e\h » �?¥u¦C�?¥O¡3�Õ�`³��`¦Â�?�µÉ-�g�EºÎ±�ºc±�º¯���C�'�/�
�?¥Q�?�C¦C�?¶'�% /�?� �z£)���Q���¢�%���_������¦3�g�`�� Ì£)�/� §é /�E�_��¶4¤
 /�g¨��È O�{ /�E�È¥O�`¶·� �C¦C�%��³µ�g��Ò#�`¥'º��X³�¡3�?¶'�����%���`¥\��£ñ °�ä @ ³��z� �E��ðA�C¦C¥È�% z /�E�� /�g¡3¥È��£] /�E�Â¡3���Ý¤
§\�%�/³Ö�g��Ò#�`¥[²6�E�'�/�`��¥Ú /�E�¢¥O�`¶·� �C¦C�%�/³s�g��Ò#�`¥\�·ó�¤
�C�gÒ3�g 1�C�g� �E�'�Q�%���`¥Q��£ ñ ®�® @ ³��`ºQÛ, Ì�?¥1²����/ /�è O�
§_�`�� /�?� �[�%� ���?�[ /�C�% �¦CÍE�6 O� /�E�6ÍC�3¶·�'�/ /���?�� /�g�`¥U��£
 /�E�|¦E�'���g¨��`¦uÒC�/�`�%¸Ê£ª�/�on�ÍE�`�C¶'�?�`¥T /�C�� O�
ÍE�|¥O¡#�`¶· O�����
�%���`¥Ì§[�g� �� 1���?¥O�\Ò#�¥O� §_�'²1�C�% 1�C�?� �E�'�� /�C���¯ /�E�
¦E�'���g¨��`¦È¨%���?ÍE�`¥`º

D
E

C
L

IN
A

T
IO

N
 (

B
19

50
)

RIGHT ASCENSION (B1950)
00 07 30
û

25
ü

20
ü

15
ý

10
ý

05
û

12 30
ý

29
ü
28
ü
27
ü
26
ü
25
ü -1200

-1100

-1000

-900

-800

-700

D
E

C
L

IN
A

T
IO

N
 (

B
19

50
)

RIGHT ASCENSION (B1950)
þ00 07 30

û
25 20 15 10 05

û

12 30
ý

29
ü
28
ü
27
ü
26
ü
25
ü -1200

-1100

-1000

-900

-800

-700

<-=?>A@CBEDM�EHwv%K ������+û�&ºþ��.� �  ü�úEû65�����+���ý
	��4&4�O2`Z �i�X^û6þ���û*û*üu�
Z �ä®ù�|�U�®ü¨úG�O�`Z �w¼¯®ù�g�øÿ � +$+û,�R+%�¯ü¨û ��� Y%�®ü�ú1^û6þ���û*û*ü]�4Z ¼ø®ù�|�X�¯ü�úu���*Z ��¼¯®ù�g�¯ÿ � ý¨�)û,�ù+%�¯ü¨û ��� Z x ��û�� � +û,����|+ý4�Æûbú[&*ý%ü�þ�ý � ���|��û�+$��û,�Æû*ü�þ�þ���ûcþ�ý®þ.� �  ü�þ�û*ü��� þª(Ç�	þ�4Z ¼�®ù�|�4Z



y&�Ày x Â%Ê�ë e ÃÆÊ Ë×i

àR��Ò#� ~��'� �g� � à0ÍC§\�Õ�E� ¥/�g  ³ _ d ¹¶» Í d ¹¶» æ d ¹¶»   e�h »   d óãâí �'�/����¥*î í �'�/��î í �'�/����¶'§ � î í �T«kî í @ ³��	î í @ ³��bî
¼ °�ê?¼*"Â¼�$ + ; ¼�êcäO"Â¼�$ ë % ¼�êc±O"�¼�$�Ñ s ; ËEºc° °�®�ºc° ®�®�ºc®
° ¼�ê~Ëê"Â¼�$ + ; ¼�êc°O"Â¼�$ ë % ¼�êc®O"�¼�$ Ñ s ; ®�ºw¾ °�ËEºþ± ®�®�ºþ±

�C���/ /� ® ½�êc®M"Â¼�$ + s ½�êc®O"Â¼�$ ë å ¼�ê¾$M"�¼�$ Ñ s ; ®�ºc® ° ¾�ºþ± ®�±�ºc°ù Ë ±�êc®M"Â¼�$ + s ä�êc½O"Â¼�$ ë å ¼�ê?¼ "�¼�$�Ñ s ; ®�º~Ë °�½�ºc± ®�½�º?¼
�`��¥/  ä Ë=êc®M"Â¼�$ + s ä�êc±O"Â¼�$ ë å ¾Kê¾$M"�¼�$ Ñ s � °�ºw¾ ®�®�º¾$ ËC¼%ºc®

± ®�êc®M"Â¼�$ + s ä�êc®O"Â¼�$ ë å ä�êc®O"�¼�$�Ñ s � °�º~Ë ®�ËEºþ± Ë�®�º¾$
¾ °�êc±M"Â¼�$ + s ä�ê?¼ "Â¼�$ ë å Ë=ê?¼ "�¼�$ Ñ s � °�º?¼ ®�®�ºcä ËC¼%ºcä
¼ ¼�êcäM"Â¼�$ + s °�ê?¼ "Â¼�$ ë å ±�ê~ËY"�¼�$�Ñ s � °�ºc± °�±�ºcä ®�°�ºc½

¥/� ÍE /� ° ä�êþ±M"Â¼�$ + s Ë=êcäO"Â¼�$ ë å ¼�ê~ËY"�¼�$ Ñ s ; ®�ºc½ °�ä�ºcä ®�ä�ºc®ù ® ±�êc±M"Â¼�$ + s ä�êw¾�"Â¼�$ ë å ¼�êþ±O"�¼�$ Ñ s ; ËEºc® °�ä�ºc® ® ¾�ºc°
²X�`¥O  Ë ®�ê?¼*"Â¼�$ + s ä�ê¾$M"Â¼�$ ë å ä�ê~ËY"�¼�$�Ñ s � °�º~Ë ®×¼%º¾$ ®[±�ºc®

ä ¼�êw¾O"Â¼�$ + s ®�êcäO"Â¼�$ ë å ®�êw¾�"�¼�$ Ñ s � °�º¾$ ®�°�º¾$ ®�½�ºþ±
± ¼�ê?¼*"Â¼�$ + s °�êw¾�"Â¼�$ ë å °�êc½O"�¼�$�Ñ s � ¼%ºþ± ®�®�ºc® Ë�°�º?¼

������	�D �EH¡ ·KML �'(*��c&�� � +*��ý4+û,�Æþ� û��6�¯ü�úÚ��+û,&ºþ��.� � �
�®û��ký�	���²T�O2`Z �i�`Z�
¨ý��:þ��¨ûQ+ý
�� þ� ý®ü���ý
	dþ���û��4�/�� ý � ����û,�4 ý%ü$�1�Æû*û

×��$Z�*Z �$Z



ï3ë rdsktcucv�w7xcy � u7wOrôvdx�t�z>tc�kt�z|{ � � �

0
�

1� 2
�

3
�

4
�

5
�

6
�

7
�

8
�

region

−1.10

−1.05

−1.00

−0.95

−0.90

−0.85

−0.80

sp
ec

tr
al

 in
de

x

�

4c12.03  Spectral Index�
North −> East Lobe�

1.4 − 10.45 GHz
1.5 − 10.45 GHz

2

1

3 4
5

6

1

2

3

4

56

7

4c12.03

0
�

1� 2
�

3
�

4
�

5
�

6
�

7
�

region

−1.10

−1.05

−1.00

−0.95

−0.90

−0.85

−0.80

−0.75

−0.70

sp
ec

tr
al

 in
de

x

�

4c12.03  Spectral Index�
South −> West Lobe

1.4 − 10.45 GHz
1.5 − 10.45 GHz

<ù=?>A@CBED#�CH�ÿ�K x ��û*ü�ú;ý�	�þ���û6��+û,&ºþ��.� �  ü�úEû65]^ûÔþ��)ûºû*ü�
Z �Y®ù�g���¯ü�ú¯���*Z ��¼O®ù�|�4YR�¯ü�úÚ^ûÔþ��)ûºû*üè�4Z ¼�®ù�|���®ü¨ú���*Z ��¼Ú®ù�g�Ú� � ý%ü$��þ��¨û �  ü¨ûy&*ý®ü¨ü�û�&ºþ� ü�� þ��¨ûÚ�
&ºþ����û�þ�ýþ���û_�Æû�&*ý®ü�ú��/��( � ý4^û,��Z x �¨û���� �!�#"%$'&)(R��û�+*��û��Æû*ü�þ��"þ��¨ûü�ý
�Æþ��*IûO���äþ}þ��¨û,+-�%�.���%/0�#"%$'&)(�þ���ûÃ�Æý � þ��1*��)û��äþ|þ��.�®ü«�� þ� ý%ü�Z!�*+û�&ºþ��.� �  ü¨ú$�&*û��R���/�%ûù^û*û*ü6&O� � & � � �¯þ�ûbú1 ü2�$�«�3�$�+$ª5�û � ^ý¨5�û,��&*û*ü�þ�û,��û*ú3ý®ü�þ��¨ûC+ý4�� þ� ý%ü$�E������3�ûbúT^`(ù&,��ý4���Æû,� ücþ���û4/45.6768(9&:�#"%$'&)( Z

0; 1< 2
=

3
>

4
?

5@ 6A 7B 8
C

region

8

10

12

14

16

18

20

br
ea

k 
fr

eq
ue

nc
y 

[G
H

z]

4c12.03  Break FrequencyD

south −> westE
north −> eastF

GIHKJ�L3MON �OPRQTSöx�U-VXWTY[Z]\_^-`8V2a#U-Vcb 3 \�U-VcdfeTVXW8g)hib%g U-Zkjlj
^-`TVmW8Z%Ul^-` * Vcb]jn^�o7b%WTYpjlZke#^-` *�� VXjn^��qZka1VXjXr3x:`8V:U-V �ks Z%WTj
b]U-VutvbwU 3 VcYvaxhyg)U-Z%jljlVXj s W2^-`TV ¢ WY s W � gz`b]Ul^{Z]\ 
|s�� r � r � r

0; 1< 2
=

3
>

4
?

5@ 6A 7B 8
C

region

20

25

30

35

40

sp
ec

tr
al

 a
ge

 [M
yr

]

}

4c12.03  Spectral Age~

south −> westE
north −> eastF
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GIHKJ�L3MON��OP����TS Ì�U-VXWY Z%\�^-`TV4jl�1V)g)^lUzb ë b É V�b ë ZkW É ^-`TV
Vcb%jn^ * WTZ]Ul^-`�oxb]WY�^-`8V[ó¥VXjn^ * jlZ%e8^-`4^lUzb]WTj s ^ s ZkW ëqs WTV{gXZkW��
WTVXg ^ s W É ^-`TV�b%g)^ s �7V�^-Z�^-`TV�jlVXgXZ%WYTbwUlh ë Zka1VXjXr��TZ%U_^-`TV ë Z��
gcb]^ s Z%W�Z%\O^-`8VIjlZke#U-gXVIU-V Éks Z%WTj�jlVXV�� sqÉ r �#r � �xr
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GIHKJ�L3MON��3P(�#QTS �x�1VXg)^lUzb ë2s WY8V ì É U-V h8jlgXb ë V�tvb]�Tj[Z%\
êT-0/k� a1V ^ôó:V)VXW � r ¡U¢ Ë�õ b]WY � r í7¢ Ë�õV£ ^-Zk�#¤ o:a1V)^ôó¥VXVXW
� r ¡�¢ Ë�õ b%WTY � r í2¢ Ë�õ2£ t s YTY ë V^¤ o�b]WY � r í2¢ Ë�õ b]WY
� r í�¢ Ë_õi£ a1Z]^l^-Zktl¤ rO�xeT�1V)U s t��1ZkjlVXY,bwU-V4gXZ%Wf^-Zke8U-j�jl`TZcó0�
s W É ^-`TV_^-Z%^zb ë�s Wx^-V)WTj s ^ôh2b]^ � r ¡D¢ Ë�õ r�Ì:`TVujl�1V)g)^lUzb ë�s WY8V ì
gXe8^ ë VX�7V ë j3bwU-V0¡ Ð \RZ%U3^-`TV¥^-Z%��o7b%WY�� Ð \RZ%U3^-`TV:t s Y8Y ë V:b]WY
a1Z%^l^-Zkt¤tvb]��r

×^:¥Ò*<7ØcÚ%Ü#GyÜ1Õ3Ü#GnI|×wÔK×{<fÜ1Õqr:Ò2::ÒfÚ^>ôÑ1Ú]ÖmÒ*9 Ô�×iÚ]ÜØwÝOÒfÚ
×]ÖiÜ#GRG¥�¦QXL�SMu§QXL��ÿÜ1Õc9@EPL��Vk5flha��Ly8vÝOÒ�×;::Ò*<7ØcÚ]Ü#G�Ô�Õ��
93ÒT[0ÖiÜX:�×�ÜÚ]Òe:3ÚwÒx×cÒxÕ�ØcÒ*9 ÔKÕZJIÔ.ÓMLlNPLRQ*NPL²±�`1ÒxÕ
ØwÝ3ÑB=OÓ'Ý ØwÝOÒ0×;::Ò*<7ØcÚ]Ü#G[Ô�Õc9OÒT[ ÖiÜX:�×�ÜÚ]Ò Ú]ÜØwÝOÒfÚ
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ÕOÑ'ÔK×;Iª�p9c=3Ò0ÖiÜ1Ô�ÕcGnI ØcÑ ØwÝOÒF:3ÚwÒx×cÒxÕc<7ÒáÑ#>!ÜÚ]ØwÔ«�
sH<fÔKÜ#G¬×wÔR9OÒ*G.Ñ#r:ÒT�z×cØcÚ�=c<7Ø^=OÚwÒ�Ô�Õ ØwÝOÒ\EPL���k5fih¤ÔKÖ7�
ÜÓ1Òa��ØwÝOÒfÚwÒ�ÔK×�Ô�Õc93ÔR<fÜØwÔ.Ñ'Õ{>�Ñ1Ú�Ü¬×;::Ò*<7ØcÚ]Ü#G:×cØcÒfÒm::ÒxÕ��
ÔKÕOÓ ØcÑ Y ÜÚ�93×ðØwÝOÒm×cÒ*<7Ñ'ÕH93ÜÚ^I�GKÑ#r¥Òx×*L�8�Ñ�ÔKÕc<7Ú]ÒxÜ1×cÒ
ØwÝOÒv×wÕOÚ*u'×^:¥Ò*<7ØcÚ%Ü#GOÔKÕc93ÔR<7Òx×IÝ3Ü�`1Ò4r:ÒfÒxÕU9OÒfØcÒfÚ]ÖiÔ�ÕOÒ*9
r�IÀÔKÕ�ØcÒfÓ1Ú]ÜØwÔKÕ3Óg�H=�[|Òx× Ña`1ÒfÚ�� ���@:�Ô«[³Ò*G�ÜÚwÒxÜ1×ïÜØ
Òx¦�=3Ô(93ÔK×cØwÜ1Õ�Ø¬:¥Ñ'Ô�Õ�Øw×�Ü#G.Ñ'ÕOÓmØwÝ3Ò Õ3Ñ1ÚwØwÝ& ÒxÜ1×cØvÜ1ÕH9
×cÑB=OØwÝ& Y Òx×cØVG.Ñ#r:Òx×mL]8vÝOÒ[Ú]Ò*G.Òm`TÜ1Õ�Ø�::Ñ'×wÔKØwÔ.Ñ'Õ3×ðÑ#>
ØwÝOÒx×cÒ4::Ñ'ÔKÕ�Øw×uÜÚwÒyÖiÜÚ�®1Ò*9Ur�I7<7ÚwÑ'×w×wÒx×�ÔKÕïØwÝOÒvÖ[ÔR9��
9cG.Ò�:�Ü1Õ3Ò*G{Ñ#>�JIÔ.ÓML NPLRQ*NPL�8vÝOÒ ØcÚ]ÒxÕc9ÈÑ#>uØwÝOÒ¬×;::Ò*<.�
ØcÚ]Ü#G:ÔKÕc9OÒT[Ur:ÒfØ Y ÒfÒxÕeQXL�S{k5flhðÜ1Õc9@EPL��7k5fih#u|Ü1ÕH9
r¥ÒfØ Y ÒfÒxÕ¯QXL��Fk5flh Ü1Õc9wEPL��Fk5fihÄÔK×29�ÔK×;:HGKÜ�I1Ò*9
ÔKÕ�JIÔ.ÓML5NPLRQ*NPL ±�`1ÒxÕ Y ÝOÒxÕ ÔKÕ�ØcÒfÓ1Ú]ÜØwÔKÕOÓF�H=�[|Òx×
ÔKÕ�G�ÜÚwÓ1ÒfÚ�ÜÚ]ÒxÜ1×2ØwÝ3ÒÿÒfÚwÚ]Ñ1Ú2Ñ#>�ØwÝ3Òÿ×;::Ò*<7ØcÚ]Ü#G�ÔKÕc9OÒT[
ÚwÒxÖiÜ1ÔKÕ3×�GKÜÚwÓ1ÒpÔKÕ¤ØwÝOÒp×cÒ*<7Ñ'Õc93ÜÚ^I�GKÑ#r¥Òx×*LZf2Ñ Y �
Òm`1ÒfÚ*u�ÔKÕ�ØwÝOÒ ×cÑB=OØwÝ& Y Òx×cØ7G.Ñ#r:Ò[Ñ'Õ3Ò�<fÜ1Õ ×cÒfÒ Ü
×;::Ò*<7ØcÚ]Ü#G�×wØcÒfÒm:¥ÒxÕ�ÔKÕOÓÈØcÑpÑP<m<m=3Úo>ôÚwÑ'Ö ÚwÒfÓ'Ô.Ñ'ÕÄÑ'ÕOÒ
=M:�ØcÑ�ÚwÒfÓ'Ô.Ñ'ÕjSML@xXÕÀØwÝOÒ ÕOÑ1ÚwØwÝ  ÒxÜ1×cØoGKÑ#r¥Ò[ØwÝOÒ
×wÔ.Ø^=3ÜØwÔ.Ñ'Õ0ÔK×@G.Òx×w×°<mG.ÒxÜÚ*L±8yÝOÒ²<fÜ#G(<m=cGKÜØcÒ*9á×;::Ò*<.�
ØcÚ]Ü#GyÔKÕH93ÔR<7Òx×m×cÒfÒxÖ ØcÑÄÔKÕH93ÔR<fÜØcÒÈÜ�×wØcÒfÒm:¥ÒfÚ ×;::Ò*<.�
ØcÚ�=3Ö ÜØ2ØwÝOÒÿØwÔn:�×yÑ#>�ØwÝOÒÿ×wÒ*<7Ñ'Õc93ÜÚ^I2G.Ñ#r:Ò#Llf2Ñ Y �
Òm`1ÒfÚ*uOØwÝOÒ�ÒfÚwÚwÑ1Ú]×�ÜÚwÒðÜ#GK×wÑ7<7Ñ'Õ�×wÔK×cØcÒxÕ�Ø Y Ô.ØwÝ Ü1Õ�Ü#G«�
ÖmÑ'×cØ¬<7Ñ'Õ3×cØwÜ1Õ�Ø�×^:¥Ò*<7ØcÚ%Ü#G�ÔKÕc93ÒT[mÜ#<7Ú]Ñ'×w×4ØwÝOÒ Y ÝOÑBG.Ò
G.Ñ#r:Ò#L58_Ñ°>³=OÚ]ØwÝOÒfÚ�<7Ñ'Õ�×cØcÚ]Ü1ÔKÕpØwÝOÒï×;::Ò*<7ØcÚ]Ü#GI×wÝ3ÜX::Ò
Ý3Ô.Ó'ÝOÒfÚ;��>ôÚwÒx¦P=OÒxÕc<TIÀÖiÜX:�× Y ÔKØwÝÄ×^=c�{<fÔ.ÒxÕ�ØÿÚwÒx×wÑBGR=��
ØwÔ.Ñ'Õ Y ÑB=cGR9�r:ÒÀÕOÒfÒ*9OÒ*9§Lª�iGKÒT[|Ü1Õc93ÒfÚ�´¶µ{ÒxÜ1Ý�I
�¦Q*W1§B�#�mÝ3Ü�`1Ò]:¥ÒfÚ�>�Ñ1Ú]ÖiÒ*9ÄÜ�×;::Ò*<7ØcÚ]Ü#G�Ü1Õ3Ü#GnI|×wÔK×¬Ñ#>
?BADC#EVr:ÒfØ Y ÒfÒxÕeQXL�Stk�flhðÜ1Õc9]CUk5fih#LO8vÝOÒ�×;::Ò*<.�
ØcÚ]Ü#GðÔKÕc9OÒT[q9�ÔK×cØcÚ]Ônr&=OØwÔ.Ñ'Õ�:�ÚwÒx×cÒxÕ�ØcÒ*9Zr�I ØwÝ3ÒÀÜ#=��
ØwÝOÑ1Ú]×�×wÝOÑ Y ×�ÖmÑ1ÚwÒ\<mG.ÒxÜÚ�GnI ØwÝ�Ü1Õ ÑB=3ÚpÚ]Òx×^=cG.ØpÜ
Ó1Ú]Ü#9c=3Ü#Gv×^:¥Ò*<7ØcÚ%Ü#Gv×cØcÒfÒm::ÒxÕ3ÔKÕOÓ�ØcÑ Y ÜÚ�9�×iØwÝOÒ!×wÒ*<.�
Ñ'Õc93ÜÚ^I�GKÑ#r¥Òx×*L x)Õ Ñ1Ú�93ÒfÚ¬ØcÑe9OÒfÚ%Ôn`1Ò�×;::Ò*<7ØcÚ]Ü#G
ÜÓ1Òx×mu�r3ÚwÒxÜX®U>ôÚwÒx¦�=3ÒxÕc<fÔ.Òx×�Ý3Ü�`1Òir:ÒfÒxÕ[Ñ#r3ØwÜ1ÔKÕOÒ*9{r�I
s3ØcØwÔKÕOÓÈÖmÑ�9OÒ*Gu×;::Ò*<7ØcÚ]Ü�Lª�=3ÒiØcÑÈØwÝOÒt::Ñ³Ñ1Ú ¦�=�Ü#G«�
Ô.Ø�I�Ñ#>,ØwÝOÒ�Ü*`Ü1ÔRGKÜXrHGKÒ²93ÜØwÜ¤Ü1ÕH9�ØwÝ3Ò²>nÜ1Ô.Ú�GRIKG�ÔKÖ7�
Ô.ØcÒ*9�>�Ú]Òx¦�=OÒxÕH<TI!Ú]Ü1ÕOÓ1Ò#u�ØwÝOÒmÔKÕ�·cÒ*<7ØwÔ.Ñ'Õ�ÔKÕc9OÒT[!Ý�Ü#9
ØcÑ{r:Ò�sM[|Ò*9�ÜX:3Ú]Ô.Ñ1Ú]Ô:ØcÑÜU`TÜ#G(=OÒ Ñ#>�z ®�¯m|a}�~4� °�N#E�S
Ü1×yÔKÕc9�ÔR<fÜØcÒ*9@r�I ØwÝOÒ,Ô�Õ�ØcÒfÓ1Ú]ÜØcÒ*9�×;::Ò*<7ØcÚ�=3Ö]L�8yÝOÒ
ØcÚwÒxÕc9 Ñ#>��µ¬ÔK×793ÔK×^:HGKÜ*I1Ò*9 ÔKÕKJIÔ.ÓML�NPLRQ���L'��×ïÒT[P�
:¥Ò*<7ØcÒ*9pØwÝOÒV=3Õc<7ÒfÚwØwÜ1Ô�Õ�ØwÔ.Òx×yÑ#>��µvÜÚwÒï¦P=3Ô.ØcÒoG�ÜÚwÓ1Ò#L
JOÑ1ÚÿÖmÑ'×wØ ÚwÒfÓ'Ô.Ñ'Õ3× Ñ#>�ØwÝOÒ ÕOÑ1ÚwØwÝ& ÒxÜ1×wØ�G.Ñ#r:ÒmÕOÑ
=M:c::ÒfÚ�GKÔKÖiÔKØw×�Ñ#>D�µ�<7ÑB=HGR9�r:ÒiÑ#r3ØwÜ1ÔKÕOÒ*9jr¥Ò*<fÜ#=�×cÒ
ØwÝOÒ�93ÜØwÜX::Ñ'ÔKÕ�Øw× Y ÒfÚwÒt¸ Y Ô.ØwÝ�ÔKÕ�ØwÝOÒ[ÒfÚ]ÚwÑ1Ú^r�ÜÚ]×5¸
<7Ñ'Õ3×wÔK×cØcÒxÕ�Ø Y Ô.ØwÝ!Ü{:H=OÚwÒo::Ñ Y ÒfÚ�GKÜ Y ×wÝ3ÜX::Ò Ñ#>�ØwÝOÒ
×;::Ò*<7ØcÚ�=3Ö]LZxXÕ¹<fÜ1×cÒpÑ#>ðØwÝOÒ ×cÑB=OØwÝ  Y Òx×wØ�G.Ñ#r:Ò
ØwÝOÒfÚwÒ ÔK×,ÝOÑ Y Òm`1ÒfÚiÔ�Õc93ÔR<fÜØwÔ.Ñ'Õj>�Ñ1ÚïÜ!Ó1Ú%Ü#9c=3Ü#Gy9OÒT�
<7ÚwÒxÜ1×cÒ�ÔKÕZr�ÚwÒxÜX®q>ôÚwÒx¦P=OÒxÕc<TIq>ôÚwÑ'Ö ØwÝ3Òe:3Ú]ÔKÖiÜÚ�I
ØcÑ Y ÜÚ�93×vØwÝ3Ò,×cÒ*<7Ñ'Õc93ÜÚ�I°G.Ñ#r:Ò#L

8�ÜXrHG.Ò_NPL�?ºGKÔ�×cØw× ØwÝOÒ�:�Ý�I³×wÔ(<fÜ#G@:3ÚwÑ#::ÒfÚwØwÔ.Òx× Ü1Õc9
×;::Ò*<7ØcÚ]Ü#GIÜÓ1Òx×�<fÜ#G(<m=cGKÜØcÒ*9�ÔKÕpØwÝOÒV`TÜÚ]ÔKÑB=3×�×cÑB=OÚ�<7Ò
ÚwÒfÓ'ÔKÑ'Õ3×¤Ñ#>j?BADC#EPL 8vÝOÒ ÖiÔ�Õ3ÔKÖV=3Ö ÖiÜÓ'ÕOÒfØwÔR<
s3Ò*G(9[Ó1Ú]Ü#9H=3Ü#GRGnIU9OÒ*<7ÚwÒxÜ1×wÒx×D>�Ú]Ñ'Ö ØwÝOÒ5:3Ú%ÔKÖiÜÚ^IïØcÑX�
Y ÜÚ�93×�ØwÝOÒ×cÒ*<7Ñ'Õc93ÜÚ^I�G.Ñ#r:Òx×mLU8vÝOÒmÝ3ÔKÓ'ÝOÒx×cØ�s3Ò*GR9
×cØcÚ]ÒxÕOÓ1ØwÝ¹�p»y¼ ®�¯j} Q���°��a½¥k��ÿÔK×�<7Ñ'Ô�Õc<fÔR9OÒxÕ�Ø Y Ô.ØwÝ
ØwÝOÒ\G.Ñ�<fÜØwÔ.Ñ'Õ Ñ#>ØwÝOÒ ÕOÑ1ÚwØwÝOÒfÚ%Õ Ý3Ñ1Øw×;::Ñ1ØmL¾8vÝOÒ
ÖiÜÓ'Õ3ÒfØwÔR<�s3Ò*G(9ðÑ#>OØwÝOÒ�×wÑB=OØwÝOÒfÚ]ÕÿÝOÑ'×cØ;::Ñ1Ø_ÔK×_×cÑ'ÖmÒT�
Y Ý�ÜØ�G.Ñ Y ÒfÚ��p»�¼ ®�¯¿} Q#Q°�W�½¥k���LU��ØÄØwÝ3Ò ØwÔn:�×
Ñ#>ðØwÝOÒp×cÒ*<7Ñ'Õc93ÜÚ�I�G.Ñ#r:Òx× Y Ò�s�ÕH9¤Ø�IP:�ÔR<fÜ#Gis3Ò*GR93×
×cØcÚ]ÒxÕOÓ1ØwÝ3×¬Ñ#>l»y¼ ®�¯'À ��°�C�½¥kVLOÁ�>2Ü#GRG�Ãi�z×wÝ3ÜX::Ò*9
Ú]Ü#9�Ô.Ñ2Ó'Ü#G�Ü�[|Ô.Òx×I×cØ^=H93Ô.Ò*90uB?BADC#E2ÒT[OÝ3Ônr�Ô.Øw×_ØwÝOÒ�Ý3Ô.Ó'Ý��
Òx×cØiÖ[ÔKÕ3ÔKÖV=3Ö Ö[ÜÓ'ÕOÒfØwÔR<@s3Ò*GR9�×¬Ü1ÕH9¤ÔK×mÜ#GK×cÑ�ØwÝOÒ
ÖmÑ'×wØ7G(=3ÖiÔKÕOÑB=�× ×cÑB=OÚ�<7Ò#Ljµ_Ôn®1Ò*GnI#uuØwÝ3Ô�×ÿÔK×79c=3ÒØcÑ
?BADC#E{r:ÒxÔKÕOÓ{GKÑP<fÜØcÒ*9�ÔKÕ�Ü�<mGR=�×cØcÒfÚ*Li8yÝOÒÿÔKÕ�ØcÒfÚ]Ü#<.�
ØwÔ.Ñ'Õ¬Ñ#>3ØwÝ3Ò4Ú%Ü#93Ô.ÑyÒxÖ[Ô.ØcØwÔKÕOÓ�:HGKÜ1×wÖ[Ü Y Ô.ØwÝÿØwÝOÒ�Ü1Ö7�
r�ÔKÒxÕ�Ø��³:�ÚwÒx×^=3ÖiÜXr&GnI²93ÒxÕ3×cÒa��<mG(=3×cØcÒfÚïÖmÒ*93ÔR=3Ö Òm>(�
>ôÒ*<7ØwÔn`1Ò*GnI�Ü#GRGKÔKÓ'Õ3×4ØwÝOÒ,ÖiÜÓ'ÕOÒfØwÔ(<�s3Ò*GR93×*L�8vÝOÒ�<7Ñ'Õ��
s�Õ3ÒxÖmÒxÕ�Ø�Ñ#>IØwÝOÒÿÜ1Ö�r�ÔKÒxÕ�ØyÖiÒ*93ÔR=3ÖÂ:3Ú]Òm`1ÒxÕ�Øw×yÒT[��
:�Ü1Õ�×wÔ.Ñ'Õ¬Ü1Õc9,ØwÝ3ÒfÚwÒmr�IÿÒxÕ3Ý3Ü1Õc<7Ò*9¬Ú]Ü#9�ÔKÜØwÔ.Ñ'ÕVG.Ñ'×w×cÒx×
Ü1×�Ý3Ü1×yr:ÒfÒxÕ@93ÔK×^<m=�×w×cÒ*9 ÔKÕ ØwÝOÒ�<fÜ1×cÒðÑ#>�AyI³ÓU��rPI
»�ÜÚwØwÝOÒ*G¥´º�yÚ%Õ3Ü#=c9j�¦Q*W#W#NB��L
JIÔ.ÓB=OÚ]ÒoNPLRQx§t:�ÚwÒx×cÒxÕ�Øw×yØwÝOÒ,ØcÚwÒxÕc9ÈÑ#>uØwÝ3Òÿ×;::Ò*<7ØcÚ]Ü#G
ÜÓ1Ò[Ü#GKÑ'ÕOÓ�ØwÝOÒ ÕOÑ1Ú]ØwÝ& ÒxÜ1×cØ Ü1Õc9à×cÑB=OØwÝ& Y Òx×cØ
G.Ñ#r:Òx×mL ª2Òx×^:�Ô.ØcÒ ØwÝ3ÒÃGKÜÚ]Ó1Ò ÒfÚwÚ]Ñ1Ú]× ØwÝOÒ Ñ#rM�
×cÒfÚ�`1Ò*9 ÜÓ1Ò Ó1Ú]Ü#93Ô.ÒxÕ�Ø_>ôÚwÑ'Ö ØwÝOÒÄ:3Ú]ÔKÖiÜÚ�I ØcÑX�
Y ÜÚ�93×�ØwÝOÒï×cÒ*<7Ñ'Õc93ÜÚ�I�G.Ñ#r:Òx×�ÔK×�×wÔ.Ó'Õ3Ôns&<fÜ1Õ�ØmL�8vÝOÒ
×cÑB=3ØwÝOÒfÚ]Õ�:�Ú]ÔKÖiÜÚ^IKG.Ñ#r:Ò!Ý3Ü1×ÜÄ×^:¥Ò*<7ØcÚ%Ü#GyÜÓ1ÒpÑ#>
Å;Æ�Ç ¯P} C'·5È ¸ É´ d2I³Ú�Ü1Õc9�ØwÝOÒxÕq:�ÚwÑ1Ó1ÚwÒx×w×wÔR`1Ò*GnI ÜÓ1Òx×
ØcÑ Å;Æ�Ç ¯P} E�QXL�E'·�Ê ¸�ËÌ ¸�Ë d2I³Ú ÔKÕ Ú]ÒfÓ'Ô.Ñ'ÕÍSML 8vÝOÒ
ÕOÑ1Ú]ØwÝ& ÒxÜ1×cØeG.Ñ#r:Ò ×wÝOÑ Y ×�Ü0×]ÔKÖiÔRGKÜÚ²r:ÒxÝ3Ü*`|Ô.ÑB=OÚ
rH=3Ø�×wÒfÒxÖi×vØcÑtr:Ò�I1ÑB=3Õ3Ó1ÒfÚlrPI ÜU>ôÒ Y dgI�Ú�L
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µ{Ñ#r:Ò ÐvÒfÓ'Ô.Ñ'Õ µÑ=3ÖiÔ�ÕOÑ'×wÔ.Ø�I Òl¼ ®�¯ =M¼ ®�¯ »�¼ ®�¯ Ø Æ�Ç ¯ Ø;¼yÓ^Ô
Ù ÒfÚwÓ�ÕT×XÛ Ù ÒfÚwÓÛ Ù ÒfÚwÓ�Õ�<fÖtÈ7Û Ù ½¥k2Û Ù dgI�ÚwÛ Ù d2I³ÚcÛ

Q SO°�S��jQ �XÖ È SO°9§t�jQ � ´ Ê E³°�WU��Q �P× Ë;Ë Q���L�� ØqE³°�W Ø_Q���°9§
Õ3Ñ1ÚwØwÝ E E³°�?t�jQ � Ö È SO°�Ct�jQ � ´ Ê Q°�S{��Q � × Ë;Ë Q*EPLRQ SML�N Q���L��
 ? §³°�Wt�jQ �XÖ É E³°�Nt�jQ � ´ Ê ��°9§U��Q �P× Ë�É WPL�E ?PL � §PL�C

ÒxÜ1×wØ S E³°9§t�jQ � Ö É Q° � �jQ � ´ Ê C³°�WU��Q � × Ë�É §PL � Q*?PL�E ?#EPL9§
C Q°�Ct�jQ � Ö É C³°�Nt�jQ � ´^Ù C³°�CU��Q � × Ë�É ��L�� EB��L�S N#NPL �
Q Q°�S��jQ � Ö È E³°9§t�jQ � ´ Ê Q°�?U��Q � × Ë;Ë Q#QXL�W CPL � Qx§PL9§

×wÑB=OØwÝ E Q°�Et�jQ � Ö È ?³°�?t�jQ � ´ Ê §³°�WU��Q � × Ë�É WPL9§ ��L�W E#?PL�W
 ? Q° � �jQ �XÖ È E³°�Wt�jQ � ´ Ê §³°�S{��Q �P× Ë�É WPL�C WPL�C EB��L�W
Y Òx×cØ S Q°��U�jQ � Ö É C³°9§t�jQ � ´^Ù N³°�S{��Q � × Ë�É §PL�? E�QXL�E C�SML�N

C Q°RQ��jQ �XÖ É SO°�S��jQ � ´^Ù C³°�EU��Q �P× Ë�É ��L�C Q*CPL�� ?#NPL�W

ÚÑÛ&Ü�ÝTN]�OP��TS ß3`fh#j s gXb ë �#U-Zk�1V)Ul^ s VXj�b%WTY�jl�1VXg)^lUzb ë b É VXj�Z]\ êT-0/%� r�Ì:`TV ë Zfgcbw^ s ZkWTj�Z%\O^-`TVIU-V ë V)�kb]Wx^{U-V É%s ZkWTj_gcb%W�a1V�\RZke8WY
s Wi� s9É ra�#r � �xr¥Ì:`8V_jl�1V)g)^lU-eTt�\�Z%U¥U-V Éks ZkW ��s Wv^-`TV�WTZ]Ul^-`TV)U-W ë Zka1V s j:a1VXjn^{b]�T�8U-Zcì s tvb]^-VcY�afh�b��8e8U-V��1Zwó¥V)U ë bXóur�Ì:`TV É%s �7VXW
e8�T�1V)U ëqs t s ^_Z]\|^-`TVujl�1V)g)^lUzb ë b É V�U-V \�V)U-j{^-Z�^-`8V ë Zcó¥V)U ë9s t s ^�Z%\cÞ�ß_b]j_Z%a8^zb s W8VcYy\�U-Zkt¤^-`TV�jl�1VXg)^lUzb ë 3T^cr
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3c52  Spectral Indexç
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6VU % UXW Y[Z]\^YH6�U_\
8S`badcfehg�a�i(jBk�g�a*9ml�nB=bj�<oapl;:[a*<og�j�=rqsn#>.tvu5Qwt#NPLRQxcyl
9rcyl;:&Gyk*I(a*9zcyez{%cXiML NPLRQ*WPL�8S`ba|l^:,a*<og�j�=rq}aT[~`McnrMcXg�l
ebno<m=rj^`�k�g^=rj�a�k(ec9/cylOr,awl�gOsrg�g�a*9�r�I�k�:H=bj�al:,n Y �
a�j�Gyk Y�Y cyg�`|k�l^Gyn#:,a�n#>Hz*��� |�}�~4�~� �XE#CPL�d�=cGXg�c#>�j�aT�
¦�=rawec<TI�cyq�k�i(a�<m=cr,awll>�n(ji>³=rj�g�`ba�j�l;:[a*<og�jBk#G*k(erk#G«�
I^lBcyld`rk�`(a{r[a�awej<onverl�g�j�=c<og�a*9�k�gpkzj�awl�nBGR=bg�cXnve�n#>
N#W�� �^�ON#W�� �q�_cyec<mGR=c9Mcyebi\9rk�g�k�k�g'QXL�tB��u�QXL�SMu°QXL�ScQXu
QXL�N#CPu¥EPL��]k(ec9'Q � L�SÿC2k5flha��uVk(l Y a*GRG�k(lGk�gAk]j�awl¦�
nBGR=bg�cXnve�n#>�QTS�� � � �lQTS�� � � �_k#9c9rcXg�cXnveMk#GRGnImcfec<mGR=c9rcfebi
SML��#C{k5fih�9rk�g�kÿ��LO8S`raGl^:,a*<og�j�k#G,k(eMk#GnI^lBcyl-`rk(l-j�aT�
`(awk#GXa*9�g�`rk�g>g�`baD9rk�g�k|k�g4QXL�ScQXu&QXL�N#Cdk(ec9tEPL���k5fih
`rk#9�g�n�r[aD9rcyl�<�k�j�9ba*9�awe�g�cXj�a*GnIV9c=ba�g�nAg�`bawcXj�l�q�k#GRG
cyq�k�i(aGl�cnh�awlmL�u-nvq�`(nBGR=rg�cXnve�g�n7Gyk�j�i(a�jyr[awk(q�l�`rk(l
cye�g�j�nP9H=c<oa*9�l�am`(a�jBa��&=�[�a�j�j�n(jBl�g�n Y k�j�9rl�g�`ba?q�kX:
a*9bi(awlmL�Ò?eM>�n(j�g^=rerk�g�a*GRI�ebn(g�`rcyeri²<onB=cG(9�r[a@9bnveba
kXr[nB=bg*g�`ba�q�kX:pl�cRh�awl§r[a*<�k#=rl�a.g�`rawl�a�cyq�k�i(awl Y a�j�a
:rj�na`^cR9ra*9\r�I���GXaT[bk(ec9ba�j�´ µ�awk(`�Iw�¦Q*W(�B�#����k(l¦�
cyl���L�{c=bj�g�`ba�j�q�n(j�a#u�g�`ba@EPL��²k�flh�cyq�k�i(a�l^=~�[a�jBl
`bawk*`~cRGnI{>�j�nvq}q�cfl�l�cyebio�H=�[ÏL�8S`rcyl�<�k(e@r,a5<mGXawk�j�GRI
l�a�awe�cfe�g�`bal<onvqU:[nvebawe�g.l;:[a*<og�jBkAn#>�tvu5Qwt#NPLRQV�_l�a�a
{%cXiML�NPL�E#EB��Lq8S`ba2EPL��jk5fih29rk�g�kX:[nvcye�g�l;I~l�g�awq7�

k�g�c(<�k#GRGnIjGycXawlor[a*GXn Y g�`ba�l�nBGycR9�Gycyeba]q�k�j^®~cyebi�g�`ba
r[awl�g�srg�g�cyebipl;:[a*<og�jBk#G�q�nP9ba*G�L�8�`baSao�[a*<og-cfl>q�n(j�a
l�am`(a�j�a�cye�g�`ba�l�a*<onveH9rk�j^I�g�`rk(e�cye�g�`ba]:rj�cyq�k�j^I
Gyn#r,awl*L
��:,a*<og�j�k#Ghcyec9raT[Gq�kX:�l*n#>Mtvu5Qwt#NPLRQ�cyec<mG(=c9rcyebiD9rk�g�k
k�g�QXL�tB�qk5fih#u�SML��#C¹k5fih�k(eH9ºQ � L�SÿCFk5fih�k�j�a
9Mcyl;:HGyk�I(a*9�cye�{%cXiMLlNPL�E � L 8�`ba�l�nB=bj�<oa�aT[b`rcnr�cXg�l
k]l;:[a*<og�jBk#G�i(jBk#9rcXawe�gl>�j�nvq�g�`rao:rj�cyq�k�j^I/g�n Y k�j�9rl
g�`ra�l�a*<onvec9rk�j^I�GXn#r[awlVLV8S`raxl;:[a*<og�jBk#G�cfec9rcR<oawl�n#>
g�`ra k#<og�cR`(ajGXn#r[awl�jBk(eri(a kXr[nB=bg ~4�~� C�g�n ~4�~� N#C
Y `rcR<B`�k�j�a�j�k�g�`ba�j>g�I�:Mc(<�k#GH`�k#GR=bawlO>�n(j�`bn(g�l;:[n(g�l�cfe
aT[~g�awec9ba*9�jBk#9rcXn�l�nB=bj�<oawlmLZ8�n Y k�j�9rl]g�`ba�ebn(j�g�`M�
a�j�e¡k(ec9¢l�nB=bg�`ba�jBe¡l�a*<onvec9rk�j^I�GXn#r[awlzg�`ba�l;:[a*<.�
g�j�=rq£cfl�:Mj�n(i(j�awl�l�cR`(a*GnI¡l�g�a�am:[awercyebiML¶8S`Mcylg<�k(e
r[a�q�n(j�ae<mGXawk�j�GnI¤l�a�awe¢cye¥{¦cyiMLDNPL�E�QXL ��:,a*<og�j�k#G
cfec9rcR<oawl�`rk�`(agr[a�awe�<�k#GR<m=HGyk�g�a*9�k#GXnveri�g�`ba�jBcR9ri(a
n#>pq�k�[~cfqo=rq rrj�cXiv`hg�erawl�l{>�n(j2N�l�nB=bj�<oa�j�a�ivcXnverl
cfe§g�`ba Y awl�g�§ebn(j�g�`�k(eH9 awk(l�g�§l�nB=bg�`qGyn#r,awl*L
{�GR=M[^awl Y a�j�a�cye�g�a�i(jBk�g�a*9�cyeKQ � ��Q � :Mcn[^a*G%k�j�awk(l
<oawe�g�a�j�a*9]nve�g�`bal:,nvlBcXg�cXnverl�q�k�j�®(a*9�cye�{%cXiML�NPL�E�QXL
{�GR=M[^awlpn#>�g�`ba�QXL�tB�²k�flhzk(ec9¹QXL�Sjk�flh�cyq�k�i(awl
Y a�j�a�k�`(a�jBk�i(a*90L 8S`ba\:rj�n(i(jBawl�l�cn`(a§l�g�a�am:[awercyeri
>�j�nvq¨g�`ra�k#<og�cn`(a�g�n Y k�j�9rl�g�`ba�l�a*<onvec9Mk�j^I\GXn#r[awl
<�k(e�r[a§l�a�aweº<mGXawk�j�GnI#L¾8S`ra�l;:[a*<og�jBk#G�i(j�k#9rcXawe�g
cfldq�n(j�a°:rj�nvernB=rec<oa*9�cfe�g�`ba¨awk(l�g�§l�nB=bg�`'GXn#r[a
Y `ba�j�a�g�`ba�l^:,a*<og�j�k#G|cyec9baT[º�³r[a�g Y a�awe�QXL�S�k5flh
k(eH9 Q � L�SÿC�k5fiha��cyl�`�k�j^I^cfebiZ>�j�nvq z } � � L�N�k�g
g�`ra�`bn(g�l;:[n(g�g�n�z } ��QXL � k�g�g�`bazg�cn:�n#>?g�`ba�l�a*<.�
nveH9rk�j^IwGXn#r[a#LÍx=e©g�`ra Y awl�g�ªebn(j�g�`ºGyn#r,a Y a
s�ec9�nveHGnI�q�n�9ba�jBk�g�a�l�g�a�am:[awercyeri�jBk(erivcyebi'>�j�nvq
z } � � L��pk�g�g�`ba�`bn(g�l^:,n(g�g�n7z } � � L��#Cpg�n Y k�j�9rl�g�`ba
g�cR:�n#>�g�`ra�ebn(j�g�`ba�j�eeGXn#r[a#L{8S`ba�na`(a�jBk#GRG>l�g�a�am:,a�j
l^:,a*<og�j�=rq¶r[a�g Y a�aweqSML��#CKk5fihmk(ec9�Q � L�SÿC\k5flh
cfec9rcR<�k�g�awl�g�`rk�g�g�`ba«l;I~ec<B`bjBn(g�j�nve¬l;:[a*<og�j�=Mqn#>
tvu�Qwt#NPLRQ�aT[b`rcnrMcyg�lxl�nvq�ag<m=bj^`�k�g^=bj�amk�gt>�jBax¦�=baweM�
<�cyawlAkXr,na`(a{C2k5fih#Lp{%cXiB=bj�atNPL�E#EzlB`bn Y lAl^:,a*<og�j�k
n#>dg�`ba�`�k�jBcXnB=Ml]l�nB=rj�<oamjBa�ivcXnverl��_l�a�a�{¦cyiML¬NPL�E�Q��
Y cXg�` l^=M:[a�jBcyqU:[nvl�a*92r,awl�g�sMg�g�cyebi�l;:[a*<og�jBk#G%q�nP9M�
a*GflmLp{bn(jpk#GRG¦j�a�ivcXnverlGg�`baUGXn Y awl�gA® É `�k#G(=bawl Y a�j�a
n#rMg�k(cyeba*92=rlBcyebi�¯v°�q�nP9ba*GflmL
{%cXiB=rj�a¬NPL�E(t�9rcyl;:HGfk*I~lë��±¦k#GXnvebiGg�`ba-jBcR9ri(a�n#>,q�k�[��
cfqo=rqªrrjBcXiv`�g�ebawl�li<onvereba*<og�cyeri�g�`ba�k#<og�cn`(axg�n]g�`ba
l�a*<onvec9rk�j^IgGyn#r,awl*L58�`ba�j�a�cylGk�g�j�aweH9mn#>y9ba*<oj�awk(l¦�
cfebi�rrj�awkX®�>�j�ax¦P=bawec<TI�>�j�nvq²g�`ra�k#<og�cR`(a�g�n Y k�j�9rl
g�`ra�l�a*<onvec9rk�j^IKGXn#r[awlmL�8S`ra Y awl�g�ªebn(jBg�`\GXn#r[a
lB`bn Y lmn�`(a�j�k#GRGp`McXiv`ba�jgrMj�awkX®�>�jBax¦�=baweH<�cXawl�g�`rk(e
g�`ra³awk(l�g�ªl�nB=rg�`gGXn#r[a#L
8�`ba@:M`ÿI~l�cR<�k#G¬:Mj�n#:[a�j�g�cXawl�k(ec9§l;:[a*<og�jBk#G�k�i(awl�n#>
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g�`baO`�k�jBcXnB=rl�l�nB=bj�<oa�j�a�ivcXnverl*n#>rtvu5Qwt#NPLRQ-k�j�a�Gycfl�g�a*9
cyeq8¦kXr§LyNPL�SML 8S`ba²<�k#GR<m=cGyk�g�a*9«q�cyercfqo=rq¨q�k�iX�
eba�g�cR<Fsra*GR9rlªk�j�a�jBa*Gyk�g�cn`(a*GnI Y awkX® L 8�`ba¹sMa*GR9
l�g�j�awebi(g�`²cyl�r[a*GXn Y t�½¥k am`(a�j^I Y `ba�j�a}cye¾g�`ba
l�nB=bj�<oa#LO��Gyl�nMu Y a�sMec9�k79ba*<oj�awk(l�apcye�¿i¼����t>�jBnvq
g�`badk#<og�cn`(a|g�n Y k�j�9rl�g�`ra|l�a*<onvec9rk�j^I]GXn#r[awlmL
8S`ba g�jBawec9 n#>Àl;:[a*<og�jBk#GÁk�i(awl k#GXnvebi g�`ba
awk(l�g�ªl�nB=bg�`Âk(ec9 Y awl�g�ªebn(j�g�`±Gyn#r,awl cyl�:Mj�aT�
l�awehg�a*9¢cye¥{¦cyiMLDNPL�E�SMLÂ8S`ba�jBa cfl/cfec9rcR<�k�g�cXnve¹>�n(j
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{%cyerk#G(GnI#u^l^:,a*<og�j�k#G,k�i(awl�`rk*`(a�r[a�awe]<onvqU:H=rg�a*9@>�n(j
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Î Ô Ï4Î4Ì Ô Ó�ÒµÎ Ô ÍPÒ§Í�ÔBÑµÌ�Í5÷4Ë�Í3Î4Ë�ÎÜÑ�Ò9Ó/Ï#Ë�Ï<v�z Y X � Ô Ï�Ï0Ò�Ñ�Ë�Ì0ÖÔ ã*Ñ�ÍPÏ�Ë�ÎÜ�bÎ�Ñ�Ï�Ê9Ë�ÎJÏ Ô Ò9Ë � ×
Ø*ÊµË Í�Ó�Ï4Ë�Ì0Ð�Ë�Î ÑµÌ�Í5÷4Ë�Í3Î4Ë�Î Ñ�ÒµÓ/Ï#Ë�Ï ÊµÑ§Ð�Ë Ó)Ë�Ë�ÒÍ�ÓµÎ�Ñ Ô Ò9Ë�Î{ÔsÌ�ÍPã Î�Ê9Ë_Ê Ô ÓPÊ9Ë�Ï�Î�Ì�Ë�Ï4Í/Ï!Ò9Î Ô ÍPÒ Ì�Ñ�Î Ô Íã{Ñ6ÑwÏ�× Ø&Ê9ËæÑ�Ò9Ó/Ï#ËWÊµÑ�Ï)Ó)Ë�Ë�Ò ã{Ë�Ñ�Ï0Ò9Ì�Ë�Î�Ó�Ë1ÖÎ Þ¾Ë�Ë�ÒXÎ�Ê9Ë$Ï Ô Ò9Ë�ÏLÍ3ÍPÒµÒ9Ë�Í3Î Ô Ò9Ó.Í3Í�Ì�Ë�°¤ÊµÍ�Î�Ï8Ñ)Í�Î�Ñ�Ò�Î
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���C¹7��Æ � ·[Â7· Á ��¿ � Â7·�¹eæ �   ½5��· Ê ¿ � � � �¾�C� �]�;��� �]¡�Ç�¿ � ] H ¼8¤&I
Â-· Áf] H J ¤KI��6Â � Â Ä � � � � ��¹e��Æ � ��¿ � �;�5ÄR� æºÂ-����Æ � � � �e½5Â7½��ºæ��¾� Å
���L�7½5� � � Æ � ÂL� � �0ê � � � � Á Â-·5¹7æ �]¼ N Ê ����¿���·hgM¼]¤e_ ð � � g J ¤`_
�-�"��¿ � Ä Â ½ � ÄM�5Äh� � ��� � � ����Æ � æ Å ¡
Í3Í�Ì�Ë�°¤Ï4Ë�Í3ÍPÒ�Î�Ñ1Ì0Ì$Ï#Í�Ó)Ë^Î Ô Ñ�× ü ÊµË�Ì�Ë�Ñ�ÏjÎ�ÊµËMÍ3Í�Ì�ËÕ°Ê9Í�Î�Ï8Ñ)Í�ÎÈÍ3ÍPÒ�Ò9Ë�Í3Î Ô ÍPÒjÍ�Ñ�ÒIÓ�ËXË�Ñ�Ï Ô Ï(ÌZÔsÍ/ÒµÒ�Î�ßÕÎ�Ê9Ë
Î9Ë�Ù�Ò Ô Î Ô ÍPÒðÍ�Ô�Î�Ê9ËVÏ�Ë�Í3ÍPÒ�ÎµÑ1Ì0ÌsÏ#Í�Ó)Ë.Î Ô Ñ Ô ÏyÏ4ÍPã{Ë1Ö
Þ&ÊµÑ1Î�Ñ1Ì0Ó Ô Î4Ì�Ñ1Ì-Ì�×�Ø*Ê9Ë�Ì�Ë�Ô�Í�Ì�Ë�ß�Þ]ËäÑ�Ï�Ï0ÒµãyËdÑMÎ ÌèÑ Ô Ö
Í�Ñ�Ï�Ë�Ì�Ì�Í�ÌyÍ�Ô�7y��ç
	 Ô Ò¤ãyË�Ñ�Ï0Ò9Ì Ô Ò9ÓXÎ�ÊµËÈÐ1Ñ�Ï!Ò9Ë§Í�Ôvµz Y X � × úji%ú/ù1ëA×Û�öÊµÑ�Ï_Ó)Ë�Ë�Ò_Ë3="Í�Ï!Ò�Î9Ë�Î�Ô�Ì�ÍPã�Î�Ê9ËÏ�Ñ�ã'Ñ�Ï#Ë.Ë�ÒÆÎ Ô Ì�Ë�Ï!Ì�×3øAÎ�Ï{Ï4Ë�Í3ÍPÒ�ÎµÑ1Ì-ÌsÏÛÍ�Ó�Ë�ÏMÑ1Ì�ËVÎ4Í6ÍÏ�Ê9Í�Ì�ÎVÎ4Í�Ñ�Í�Í�Ò9Ì�Ñ1Î4Ë�Ï(Ì9Î9Ë�Î4Ë�Ìuã Ô Ò9Ë\Î�Ê9Ë^Ñ�Ì�Í5÷CË�Í3Î4Ë�ÎÏ4Í/Ò9Ì-Í3ËÐÑ�ÒµÓ/Ï#Ë�× Ø*Ê9Ë�Í�ÓwÏ4Ë�Ì0Ð�Ë�Î�Î Ô Ï4Î4Ì Ô Ó�Ò9Î Ô ÍPÒ Ô ÏÌ�Ñ1Î�Ê9Ë�Ì§ÒµÑ1Ì�Ì�Í�Þ Ñ�Ò�Î Ô Ï.Ñ�Ë�Ñ1$�Ë�Î Ñ1Î§Ñ1Ì�Í/ÒµÒ�Î %1çPè6×
øGÎ Ô Ï Ô ã*Ñ�Í�Ì�Î�Ñ�Ò
ÎyÎ4Í¤Ò9Í�Î4Ë�ßÕÎ�ÊµÑ1Î,Î�Ê9ËXÑ6Ó�Ï�Ë�Ò�Í3Ë¡Í�ÔÑ�Ò9Ó/Ï#Ë�Ïcv z Y X �lk ë1ç èEÔ Ï?q�x�Q�Î�Ò9Ë?Î4Í.Ñ Ï8Ì6ãMãyË�Î4Ì0Ì.Ë�Ô+Ö
Ô�Ë�Í3Î�×DøCÒ{Ñ�Ï!Ï9Ï4Í/ÒµÌ-Í3Ë�Ï^Î�Ê9Ë&ã{Í�Ì0Ñ�Ê9Í/Ï#Í�Ó�Ì Ô Ò�Î Ô Í�Ñ1Î4Ë�Ï^Ñ
Í�Ï#Ë�Ñ1Ì]Ñ�Ï�Ï4ÍAÍ Ô Ñ1Î Ô ÍPÒMÍ�ÔjÍPÒ9Ë&Í�Ô�Î�Ê9Ë�Ï4Ë�Í3ÍPÒ�Î�Ñ1Ì0Ì*Ï#Í�Ó)Ë�Ï
Þ Ô Î�ÊEÍPÒ9Ë¾Í�Ô�Î�Ê9ËNÑµÌ Ô ã{Ñ1Ì-Ì?ÏÛÍ�Ó�Ë�Ï�×B.9Í�Ì^Î�Ê Ô Ï}Ì�Ë�Ñ�Ï4ÍPÒ�ß
ÑµÌ�Í5÷4Ë�Í3Î4Ë�ÎXÑ�Ò9Ó/ÏÛË�Ï Ô Ò.Î�ÊµË?Ì�Ñ�Ò9Ó�ËYÔ�Ì�ÍPã ç è Î4Í:��a1ç è
Í3Í/Ò�Ï!Î.Í2Í�Í�Ò9Ì&Ñ�Ò�ÎJÞ¾Í/Ò�Ï:ÎKÓ�Ë[Î Ô Ï4Î Ô Ò9Ó/Ò Ô Ï�ÊµÑ6Ó�ÏÛË�×
.9Ì�ÍPãm. Ô Ó"×Mùè× ë Ô Î Ô ÏdÍ�ÓèÐ Ô Í/ÒµÏdÎ�Ê�Ñ1Î{Ò9ÍPÒ9Ë.Í�Ô�Î�Ê9ËÎ�Ê9Ë�Í�Ì�Ë�Î Ô Í�Ñ�Ï�Î Ô Ï4Î4Ì Ô Ó�Ò9Î Ô ÍPÒ�Ï
ÙµÎ�v z Y X � Ð�Ë�Ì0ÌWÞ¾Ë�Ï:Ï�×
ô�Ï
Þ]Ñ�ÏÕÍ/ÒµÎ0Ï Ô Ò9Ë�Î§Ñ6Ó)Í§Ð�Ë<Î�Ê9Ë Ô Ò�Î Ô Ð Ô Î�ÒµÑ�Ï�vµz�Î Ô Ï�Î4Ì Ô Ó�Ò2ÖÎ Ô ÍPÒµÏ�Î4Ë�Ò�ÎÜÎ4ÍWÓ)ËdÒµÑ1Ì�Ì�Í�ÞFÏ(ÌJÑ)Ë�Ñ1$�Ë�ÎLÑ1Ì�Í/Ò�Ò�Î:Î�Ê9Ë
Í3Í�Ì�Ì�Ë�Ï8Ñ)ÍPÒ�Î Ô Ò9Ó,v_Ð1Ñ�Ï!Ò9Ë�× ü ËOÍ�Ñ�Ò:Î�Ê9Ë�Ì�Ë�ÔsÍ�Ì�ËEÏ0Ò�Ï]Ö
Ñ�Ë�Í3Î�Î�ÊµÑ1Î^Î�ÊµËRÞ�Ñ�ÒÆÎ4Ë�Î,v zFWV Î Ô Ï4Î4Ì Ô Ó�Ò9Î Ô ÍPÒ�Þ Ô Ï!Ï¨Í3ÍPÒ"ÖÎ�Ñ Ô ÒðÑ¡Ì�Ñ1Î�Ê9Ë�ÌdÒµÑ1Ì�Ì�Í�Þ ÌuÑ�Ò9Ó�Ë,Í�Ô*Ñ�ÒµÓ/Ï#Ë�Ïdv�×HØ&Ê9Ë
Î Ô Ï4Î4Ì Ô Ó�Ò9Î Ô ÍPÒ v�zFWV Î�ÊµÑ1ÎhÙµÎ�Ï\Î�ÊµË�Í�Ó�Ï4Ë�Ì0Ð�Ë�Î Ñ�Ì�Í6Ö
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Á � ë/� � � ·�� � �7· � ¹ ��� Â0�����e·5�$�7� ¼jo Â7· Á ¼ �&p ¼8¤e_eq ¼ qD¼0»-¤e_rtsvuxwzy ð ¼8¤ _ q ¼ q|{7¤ _ r~}h���F�����5y ð Â-· Á {7¤ _ q ¼ qD¼0»7¤ _ rt�zuxs��svuj}�y�� Ç�¿U���~�eæ�� Á æ���·5�����v�l���v�~�]·=������¿5����¿U�v�����������]Â7æ ¼ N Á ���1��~����½5�U�����7· � Ç�¿U���~�5�O����� Ä �O�`�~� ÁÈÁ ÂK��¿5� Á æ��º·U� Ä ÂK� � ����¿5��e½U�~����Æe� ÁMÁ ���1�~����½5�U�����7·����x�U���0ê1�v����� Á Â7·�¹eæ��v� � Ç�¿5�Z� Ê � Á ���1��~����½5�U�����7·5��¿6Â8Æe�D½O���]·T·U��� Ä Â7æ�� ¿ � Á ���R¿6Â8Æe��� � �5Â7æ¨ÂK���]Â�� �
÷4Ë�Í3Î4Ë�ÎWÑ�ÒµÓ/Ï#Ë<Î Ô Ï�Î4Ì Ô Ó�Ò9Î Ô ÍPÒpÓ)Ë�Ï4Î Ô ÏHÎ Ô Ï8Ñ�Ï(Ì�Ë�Î Ô Ò
. Ô Ó"×�ùè×Û��ç2× øAÎVÞ�Ñ�ÏWÍ3ÍPÒµÏ4Î4Ì-Ò�Í3Î4Ë�ÎpÞ Ô Î�ÊñvZX ¦ '1ç èÑ�Ò�Î:v�B ¦ ë1çPè5×
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ûBÐ�Ë�Ò Î�ÊµÍ/Ò9ÓPÊbÎ�Ê9ËìÏ4Î�Ñ1Î Ô Ï�Î Ô Í�Ñ�Ï§Ë�Ì�Ì�Í�Ì�Ï�Ñ1Ì�ËìÏ4Î Ô Ï!Ï
¡ Ò Ô Î4Ë�ÏÛÑ1Ì�Ó�Ë�Î�Ò9Ë�Î4ÍyÎ�Ê9Ë<Ï�ã{Ñ�Ï!Ï)ÒAÒµãYÓ�Ë�Ì]Í�Ôf$6Ò9Í�Þ&Ò
óFÖ�Ï�ÊµÑ6Ñ)Ë�Î Ï�Í/Ò9Ì-Í3Ë�ÏsÞ]ËñÊ�Ñ�Ð�Ë�Ò9Ë�Ð�Ë�Ì�Î�Ê9Ë�ÏÛË�Ï�Ï¤Í�Ó"ÖÎ�Ñ Ô Ò9Ë�Î�Ñ�Ò Ô ÎµË�ÑêÑ6Ó)Í/Ò9Î§Î�Ê9ËLã{ÍPÏ4ÎWÏ Ô $�Ë�Ï(Ì3Î Ô Ï4Î4Ì Ô Ö
Ó�Ò9Î Ô ÍPÒ¤Í�Ô�Ì�Ë�Í�Ì Ô Ë�Ò
Î�Ñ1Î Ô ÍPÒÐÑ�Ò9Ó/Ï#Ë�Ï Ô Ò¤Î�Ê9ËVÏ�Î0Ò�Î Ô Ë�ÎÏ�Ñ�ã'Ñ�ÏÛË<Í�Ô�ó�Ö�Ï�ÊµÑ6Ñ)Ë�Î§Ì�Ñ�Î Ô ÍyÓPÑ�ÏÛÑ�= Ô Ë�Ï�×8VÍPÏ�Î Ô ã'Ñ)Í�Ì�Î�Ñ�ÒÆÎ�×ìÎ�Ê9ËZÎ Ô Ï4Î4Ì Ô Ó�Ò9Î Ô ÍPÒìÍ�Ô Ô ÒÆÎ4Ì Ô Ò2ÖÏ Ô Í�Ñ�Ò9Ó/ÏÛË�Ï Ô ÒbÎ�Ê9ËìÏ�Ñ�ã*Ñ�Ï#Ë Ô Ï¤Ì�Ñ1Î�ÊµË�ÌÐÒµÑ1Ì�Ì�Í�Þ[×
Ø*Ê9ËÝÓ)Ë�Ï4ÎIÙµÎjÞ]Ñ�ÏñÍ�ÓµÎ�Ñ Ô Ò9Ë�ÎòÔ�Í�Ì�ÑbÌ�Ñ�ÒµÓ�Ë_Í�Ô'1çPè�é�vÿé&ë1çPè5×CøCÒµÏ8Ñ)Ë�Í3Î Ô Ò9ÓM. Ô Ó"×
ùè×Û��ç Ô Î Ô ÏZÍ�ÓAÐ Ô Í/ÒµÏÎ�ÊµÑ1Î Î�ÊµË%ÙµÎBÎ9Í6Ë�ÏZÒ9Í�ÎZÌ�Ë�Ñ�Ì�ÍAÎ�Ò�Í3Ë�Î�Ê9Ë&Ï�ÊµÑ1Ì-Ñ'Ñ�Ë�Ñ1$Í�Ô)Î�Ê9Ë�v�z Y X � Î Ô Ï4Î4Ì Ô Ó�ÒµÎ Ô ÍPÒ�×�øCÒyÎ�Ê9Ë*ãyÍ2Î9Ë�Ï9Í/ÒµÎ0Ï Ô Ò9Ë�ÎÑ6Ó)Í§Ð�ËFÞ]Ë&ÊµÑ§Ð�Ë�ÒµÏ�Ë�ÎyË ¡ Ò�Ñ�Ï"Þ¾Ë Ô ÓPÊ
Î Ô ÒµÓ�Ô�Í�Ì Ñ�Ï:ÏµÑ�Ò2ÖÓ/Ï#Ë�ÏÈÓ)Ë�ÎÃÞ]Ë�Ë�ÒævDX Ñ�Ò�Î�v B ×ÝøAÒ Í�Ì-ÎµË�Ì,Î4ÍsÓ)Ë�Î4Î4Ë�ÌÌ�Ë�ÑµÌ�Í2Î�Ò�Í3ËäÎ�Ê9ËOÑ)Ë�Ñ1$¡Ñ1Îc%1ç èäÔ Î�Þ]Í/Ò�Ï!ÎGÓ)ËäÒµË�Í3Ë�Ï]ÖÏ�Ñ1Ì0ÌVÎ4Í Ô Ò�Í3Ì�Ë�Ñ�Ï4Ë?Î�ÊµËEÞ]Ë Ô ÓPÊÆÎ�Í�Ô Ô Ò
Î4Ì Ô ÒµÏ Ô Í<Ñ�ÒµÓ/Ï#Ë�ÏÑ1Ì�Í/ÒµÒ�Î %1çPè.Î4Í¤'1çPèWÞ Ô Î�ÊöÍPÒ�Ï(Ì�ÑÚÏ�ãMÑ�Ï!ÏLÍ3ÍPÒÆÎ4Ì Ô Ö
Ó�Ò9Î Ô ÍPÒXÍ�ÔMÏÖÑ1Ì�Ó�ËäÑ�ÒµÓ/Ï#Ë�Ï�×�Ø*Ê9ËdãyÍPÏ4Î�Ï Ô $�Ë�Ï!Ì.Ì�Ë�Í�Ì Ô ÖË�Ò
Î�Ñ1Î Ô ÍPÒöÑ�Ò9Ó/Ï#Ë§Í�ÔFó�Ö�Ï�ÊµÑ6Ñ)Ë�Î�Ï4Í/ÒµÌ-Í3Ë�ÏdÎ�Ê9Ë�Ì�Ë�ÔsÍ�Ì�ËÏ4Ë�Ë�ã{ÏMÎ4Í<Ï Ô Ë Ô Ò¤Î�Ê9Ë.Ì�Ë�Ó Ô ãyË.Í�Ô�%1ç è ÖG'1ç è × í Í�Þ%ÖË�Ð�Ë�Ì�ßwÑ.ÏÛÑ1Ì�Ó�Ë�Ì&ÒAÒµãYÓ�Ë�ÌÕÍ�Ô^Ï4Í/ÒµÌ-Í3Ë�Ï%Þ]Í/Ò�Ï!ÎKÓ)Ë[Î9Ë1ÖÏ Ô Ì�Ñ6Ó�Ï#Ë Ô ÒÚÍ�Ì-Î9Ë�ÌäÎ4Í Ô Ò�Í3Ì�Ë�Ñ�Ï4Ë Î�Ê9Ë§Ï4Î�Ñ1Î Ô Ï4Î Ô Í�Ï�×GøCÒÎ�Ê9Ë'Ï Ô ÓPÊÆÎ&Í�Ô¾Î�Ê9ËYÔsÍ�Ì�ã{Ñ1Î Ô ÍPÒGÑ�Ì�ÍAÍ3Ë�Ï�Ï4Ë�ÏTÑµÌ�Í�Ñ)ÍPÏ4Ë�Î
Ô�Í�Ì$óFÖ�Ï�Ê�Ñ6Ñ�Ë�Î\Ï�Í/Ò9Ì-Í3Ë�ÏcÏ0Ò�Í�Ê\ÑVÒµÑ1Ì�Ì�Í§Þ Î Ô Ï4Î4Ì Ô Ó�Ò"ÖÎ Ô ÍPÒ\Í�Ô Ô ÒÆÎ4Ì Ô ÒµÏ Ô ÍEÑ�Ò9Ó/ÏÛË�Ï[Í�Ñ�ÒµÒ9Í�Î�Ó)Ë*ÒµÒ�ÎµË�Ì�Ï4Î4Í6ÍAÎË�Ñ�Ï Ô Ï(Ì�×
øAÒGÍ�Ñ�Ï4Ë?Í�ÔCÓ�ÒµÍ§ÌPÑ�Ò�Í1Ì§ÍPÒ9ËYÞ¾Í/Ò�Ï:Î§Ë3=AÑ)Ë�Í3Î�ÑMãyÍ�Ì�ËÊ9ÍPãyÍ�Ó�Ë�Ò9Ë�Í/Ò�ÏRÎ Ô Ï4Î4Ì Ô Ó�Ò9Î Ô ÍPÒäÍ�Ô�ÑµÌ�Í5÷4Ë�Í3Î4Ë�Î,Ñ�ÒµÓ/Ï#Ë�Ï�×
Ø*Ê9ËYÓ�Ò9Í§ÌPÑ�ÒÆÎ?õµÍ§Þ Ô ÏTÎ Ô Ì�Ë�Í3Î4Ë�Î:Ñ�Ï#ÍPÒ9Ó,Î�Ê9ËäÓ�Ì�Ñ�Î Ô Ö
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Ë�ÒÆÎ^Í�ÔwãMÑ�= Ô ãEÒµãÛÑµÌ�Ë�Ï�Ï0Ò9Ì�Ë�×�Ø*Ê9Ë�Ì�Ë Ô Ï�Ò9Í�Í�ÓèÐ Ô Í/ÒµÏÌ�Ë�Ñ�Ï4ÍPÒHÞ�Ê¨ÌKÑµÌ�Ë�Ï�Ï0Ò9Ì�Ë<Ó�Ì�Ñ�Î Ô Ë�Ò
Î�Ï Ô ÒVÎ�ÊµË?Ñ�ã$Ó Ô Ë�Ò
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ô�Î?Î�Ê Ô Ï�Ñ)Í Ô Ò
Î�Þ]Ë`_�Ñ�Òa_3ÍPÒb_�Ï!Ò�ÎµËyÎ�ÊµÑ1Î?Î�Ê9Ë,ãyÍPÏ4Î
Ï Ô $�Ë�Ïdc ÔsÍ�Ì�ã{Ñ1Î Ô ÍPÒ{Ñ�Ì�Í�_3Ë�Ï�Ï�Í�Ô_óFÖ�Ï�Ê�Ñ6Ñ�Ë�Î Ì�Ñ�Î Ô ÍÓPÑ�ÏÛÑ�= Ô Ë�Ï Ô Ï^Ì�Ë�Í�Ì Ô Ë�ÒÆÎ�Ñ1Î Ô ÍPÒ,Í�Ô)Î�Ê9Ë Ô Ì ÌuÑ�Î Ô ÍR÷4Ë�Î¾Ñ�= Ô Ï�×
ü ÊµË�Î�Ê9Ë�ÌEÎ�Ê Ô Ï�Ì�Ë�Í�Ì Ô Ë�ÒÆÎ�Ñ1Î Ô ÍPÒÚÍ�_e_�Ò9ÌuÏ[Ó)Ëf_�Ñ�ÒµÏ4Ë{Í�ÔãyË�Ì�Ó Ô ÒµÓTÓ Ô ÒµÑ1Ìgc�Ó�ÏÖÑh_�$?Ê9Í/ÏÛË�Ï Ô ÒEÎ�ÊµË]ÓPÑ�ÏÖÑh_3Î Ô _i_3Ë�Ò2ÖÎ4Ë�Ì�Ï�Í�Ì�Î�Ê9Ì�Í/Ò9ÓPÊ¡Ñh_e_3Ì�Ë�Î Ô ÍPÒXÍ�ÔZã Ô Ï�Ñ�Ï Ô ÓPÒµË�Î.ã{Ñ1Î4Ë1ÖÌ Ô Ñ�Ï�ÍPÒÆÎ4Í\Î�Ê9ËVÑh_e_3Ì�Ë�Î Ô ÍPÒ3Î Ô Ï4$LÍ�Ì.Þ&Ê9Ë�Î�Ê9Ë�Ì'Ó)Í�Î�Ê
ÑµÌ�ÍK_3Ë�Ï�Ï4Ë�Ï`_3ÍPÒ
Î4Ì Ô Ó�Ò9Î4Ëj_�Ñ�ÒµÒµÍ�Î.Ó)ËJÎ9Ëf_ Ô Î9Ë�Î)Þ Ô Î�ÊÑ6Ó�Ï4Í/Ï!ÒµÎ4ËQ_3Ë�Ì�Î�Ñ Ô ÒÆÎkcLÑ1ÎYÑµÌ�Ë�Ï4Ë�ÒÆÎcÎ Ô ãyË�× í Í�Þ¾Ë�Ð�Ë�Ì§ß
Ó)Í�Î�ÊLÏg_3Ë�ÒµÑ1Ì Ô ÍPÏ<Ì�Ë ¡ Ò Ô Ì�ËdÓPÑ�ÏÛÑ�=Kc\ãyË�Ì�Ó Ô Ò9ÓVÑ�Ï?Î�Ê9ËÔ Ò Ô Î Ô Ñ�Ï9Î4Ì Ô Ó�Ó�Ë�Ì¾Í�Ô�Î�Ê9Ë&Ì�Ë�Í�Ì Ô Ë�Ò
Î�Ñ1Î Ô ÍPÒMË�Ð�Ë�ÒÆÎ�×¾8¡ÍPÏ4ÎÔ ÒÆÎ4Ë�Ì�Ë�Ï4Î Ô Ò9Ó/Ï!cWÓ�Í�Î�ÊXãyÍ2Î9Ë�ÏÛÏ&Ï-Ò9Ó�Ó�Ë�Ï4Î�Î�ÊµÑ1Î
÷CË�Î�Ì�Ë1ÖÍ�Ì Ô Ë�ÒÆÎ�Ñ1Î Ô ÍPÒ ÎµÍÆË�Ï\psq�0�/DpSQ�-ml3R·TÜÍ�_e_�Ò9Ì¡Ë�Ð�Ë�ÌgcñÎ Ô ãyËÎÃÞ]ÍÐÓPÑ�ÏÛÑ�= Ô Ë�ÏVã{Ë�Ì�Ó�Ë�ß Ô Ô?ÍPÒµËLÍ�ÌJÓ)Í�Î�Ê�Í�ÔäÎ�Ê9Ë�ã
_3ÍPÒ
Î�Ñ Ô ÒµÏ?ÑXã{Ñ�Ï�Ï Ô Ð�Ën_3Ë�ÒÆÎ4Ì�Ñ�ÏMÓ�ÏÛÑh_�$:Ê9Í/ÏÛË�× 8¡Ë�Ì�Ó6ÖË�Ì�Ï^Ñ1Ì�Ë�Î�Ê9Í/Ò9ÓPÊÆÎ�Î4Í�Í�_e_�Ò9Ì ¡ Ò Ô Î4ËRÔ�Ì�Ë ¡ Ò9Ë�ÒÆÎ0Ïdc�ßPÊ9Í�Þ%ÖË�Ð�Ë�ÌCóFÖ�Ï�Ê�Ñ6Ñ�Ë�ÎEÏ4Í/Ò9Ìo_3Ë�ÏfÑ6Ñ�Ñ)Ë�Ñ1ÌjÎ4ÍTÓ)Ë ÑLÐ�Ë�Ìoc<Ì�Ñ1Ì�ËÏ8Ñ)Ëf_ Ô Ë�Ï�Í�Ô]Ì�Ñ�Î Ô Í§ÓPÑ�ÏÛÑ�= Ô Ë�Ï�×OøCÒÜÎ�Ê9ËOÔ�Í/Ï!ÏÛÍ§Þ Ô ÒµÓÈÞ]Ë
Þ Ô Ï!Ï Ô ÒèÐ�Ë�Ï4Î Ô ÓPÑ1Î4ËEÎ�Ê Ô ÏÕÑ6Ñ�ÑwÑ1Ì�Ë�Ò
Îp_3ÍPÒ
Î4Ì�Ñ�Î Ô _3Î Ô ÍPÒ�×
q ekr suteÁ7v kxwiyZ» µ ¾ ¶ i ¿Ky Á<Â º{z Â » Â ºZm;�Ñh|ÛÑ�= Ô Ë�Ï�Ñ1Ì�Ëä$6Ò9Í�Þ&ÒXÎ4ÍO_3ÍPÒÆÎ�Ñ Ô ÒF|ÛÑ1Ì�Ó�ËdÑ�ãyÍ/ÒµÒÆÎ�ÏÍ�Ô¾ÓPÑ�Ï<Ñ�Ò~}\ãyÍPÏ4Î�ÓPÑh|ÛÑ�= Ô Ë�Ï<Ñ1Ì�ËOÓ)Ëf| Ô Ë�Ð�Ëf}:Î4Í^_3ÍPÒ2ÖÎ�Ñ Ô Ò�ã{Ñ�Ï�Ï Ô Ð�Ë^_3Ë�Ò
Î4Ì�Ñh|NÓ�|ÛÑh_�$êÊ9Í�|#Ë�Ï�×Ú8¡Ë�Ì�Ó�Ë�Ì�ÏyÍ�ÔÏ0Òb_uÊ�ÓPÑh|ÛÑ�= Ô Ë�Ï.Î�ÊAÒµÏ.ÒµÑ1Î0Ò9Ì�Ñh|�|dc)ÑµÌ�Í�Ð Ô }9ËÜÎ�Ê9Ë Ô Ò2ÖÓ�Ì�Ëf} Ô Ë�ÒÆÎ�Ï*Ò9Ë�Ëf}µËf}§Î4Í Ô Òb}�Òb_3Ë�Ì�Ë�Ñh| Ô ÓPÒµãyË�ÒÆÎ¾Í�ÔfÎ�Ê9Ë
_3Ë�Ò
Î4ÌuÑh|Z[ í Ï8Ñ Ô ÒXÑ�= Ô Ï�×?8¡Ë�Ì�Ó�Ë�Ì<Ë�Ð�Ë�ÒÆÎ�Ï�_3ÍPÒ
Î�Ñ Ô Ò2ÖÔ Ò9Ó¤Ñ�Ò ô&;�� Ï�Ê9Í/Òb|!}ÐÎ�Ê9Ë�Ò�Ñh|(Þ�Ñfc�Ï§Ì�Ë�Ï0Òb|ÛÎ Ô ÒñÑ
Ð Ô Ï Ô Ó~|#Ë:Ì�Ë�Í�Ì Ô Ë�Ò
Î�Ñ1Î Ô ÍPÒæÍ�ÔEÎ�ÊµËK÷CË�Î�Ï�× ô�ÒìÑ6Ñ�Ñ�Ñ1Ì8ÖË�Ò
Î�_3ÍPÒ
Î4Ì�Ñh} Ô _3Î Ô ÍPÒyÍ�Ô�Î�Ê9Ë�÷4Ë�Î^Ì�Ë�Í�Ì Ô Ë�ÒÆÎ�Ñ1Î Ô ÍPÒ{ãyÍK}2ÖËf|ÛÏ Ô ÏNÑ�ÍPÏ�Ëf}WÓ�c§Î�Ê9ËEÏ�ã{Ñh|!|�ÒAÒµãYÓ�Ë�ÌÕÍ�ÔCó�Ö�Ï�ÊµÑ6Ñ)Ëf}Ì�Ñh} Ô Í�ÓPÑh|ÖÑ�= Ô Ë�Ïj_3ÍPã'Ñ�Ñ1Ì�Ëf}�Î4ÍÐÎ�Ê9ËLÌ�Ñ1Î�Ê9Ë�ÌC|ÛÑ1Ì�Ó�Ë

ÒAÒµãYÓ)Ë�ÌXÍ�ÔMã{Ë�Ì�Ó�Ë�Ì\Ë�Ð�Ë�Ò
Î�Ï�× i]Ë�Ì�Î�Ñ Ô Òb|!c�ßEÏ4Ëf|#Ëf_eÖÎ Ô ÍPÒcË3ò)Ëf_3Î�Ï�}�Ò9ËZÎ4ÍFÑ�Ì�Í5÷CËf_3Î Ô ÍPÒ?Ñ�Òb}$Ó�Ë�Ñ�ã Ô Ò9ÓE�SÏ4Ë�Ë
iÕÊµÑ6Ñ�×DñF_�Ñ�ÒP_3ÍPÒb_3Ë�Ñh|�Î�Ê9ËWó�Ö�Ï�ÊµÑ6Ñ)Ëf}¤ÒµÑ1Î0Ò9Ì�Ë Í�ÔÏ�ÍPãyË¡Ï4Í/Ò9Ì�_3Ë�Ï{ÍPÒ3Ò�Ò"ÔsÑ§Ð�Í�Ì�Ñ6Ó~|#ËHÐ Ô Ë�Þ Ô Ò9Ó\Ñ�Ò9Ó�|#Ë�Ï�×
.µÍ�ÌMãyÍK}9Ë�Ì�Ñ1Î4Ë Ô ÒÆÎ4Ì Ô ÒµÏ Ô _MÑ�Ò9Ó�|ÛË�ÏdÎ�Ê9ËWÔ�ÌuÑh_3Î Ô ÍPÒ¤Í�ÔÏ�Í/Ò9Ìo_3Ë�ÏÜÊ Ô }b}µË�Ò9Ó�cæÏ4Ëf|#Ëf_3Î Ô ÍPÒWË3ò)Ëf_3Î�Ï Ô Ï:Ñ6Ó�Í/ÒµÎ
ñ�%P	 �SÏ4Ë�Ë{ 6Ëf_3Î�×�ùè×ºñ � ×FØ*Ê Ô Ï*Ï0Ò9Ó�Ó�Ë�Ï�Î�Ï&Î�ÊµÑ1Î®ÃKÒµÒ"Ö
|ÛË�Ï�Ï*Î�Ê9Ë�Ì�Ë Ô Ï�ÑQ|ÛÑ1Ì�Ó�Ë�ß�Ê Ô }b}µË�ÒKÑ�Í�Ñ�Òb|ÛÑ1Î Ô ÍPÒ.Í�Ô�Í�Ó"Ö
÷4Ëf_3Î�ÏBÞ Ô Î�ÊEÐ�Ë�ÌgcyÏ�ã{Ñh|!|6Ì�Ë�Í�Ì Ô Ë�Ò
Î�Ñ1Î Ô ÍPÒMÑ�Ò9Ó�|#Ë�Ï�ÃEÏ4Ë1Ö
|ÛËf_3Î Ô ÍPÒ§Ë3ò�Ëf_3Î�Ï&Ñ1Ì�ËcÒ9Í�ÎÕÏ0Ò9"Q_ Ô Ë�Ò
Î]Î4Í{Ñh_e_3Í/ÒµÒÆÎLÔ�Í�ÌÎ�ÊµË�|#Í§Þ�ÒèÒµãYÓ)Ë�ÌZÍ�Ô�óFÖ�Ï�ÊµÑ6Ñ)Ëf}yÏ4Í/Ò9Ìo_3Ë�Ï�×Bô�Ò9Í�Î�Ê9Ë�Ì
Ñ�Ì�Í�Ó~|#Ë�ã ÔsÍ�Ì Î�ÊµË�_3ÍPÒµÒ9Ëf_3Î Ô ÍPÒ,Í�Ô�ãyË�Ì�Ó Ô ÒµÓ?Ñ�Òb}yÌ�Ë1ÖÍ�Ì Ô Ë�Ò
Î�Ñ1Î Ô ÍPÒcÑ1Ì Ô Ï4Ë�Ï�Þ&Ê9Ë�Ò Ô ÒµÏ0Ñ�Ëf_3Î Ô Ò9Ó�Î�Ê9Ë^Ë�Ò¨Ð Ô Ì�ÍPÒ"Öã{Ë�Ò
Î�Ï Ô ÒKÞ&Ê Ô _uÊ,Î�ÊµË?Ê9ÍPÏ4Î�Ï�Í�Ô�óFÖ�Ï�ÊµÑ6Ñ)Ëf}VÏ4Í/Ò9Ìo_3Ë�ÏÑ1Ì�Ë�Ë�ãYÓ)Ëf}b}9Ëf}�×��&ÍPÒµË�Í�Ô}Î�ÊµË&$�Ò9Í§Þ&Ò Ï4Í/Ò9Ì�_3Ë�Ï�|ÛÑ�cÔ Ò�}9Ë�ÒµÏ4Ë�_e|!ÒµÏ4Î4Ë�Ì�Ï�ß�ÍPÒb|!c�ÑFÔ�Ë�ÞêÏ4Í/Ò9Ìo_3Ë�ÏÿÏ4Ë�Ë�ãæÎ4Í�Ó)Ë
|ÛÍ�_�Ñ1Î4Ëf} Ô ÒLÏ�ã{Ñh|�|�ß�|#Í�Þ%Ö�ã{Ñ�Ï�Ï�_e|:ÒµÏ4Î4Ë�Ì�Ï<Í�ÌEÓ�Ì�Í/Ò"Ñ�Ï
Þ�Ê9Ë�Ì�Ë�Ñ�Ï ã{ÍPÏ4Î¾Ï4Í/ÒµÌo_3Ë�Ï Ï4Ë�Ë�ã Î4Í$Ó)Ë Ô Ï�Í�|ÛÑ1Î4Ëf}*ÙµËf|�}ÓPÑh|ÖÑ�= Ô Ë�Ï�×)Ø*Ê Ô Ï Ô ÏyÏ-Ò9Ì0ÑµÌ Ô Ï Ô Ò9ÓJÓ)Ëf_�Ñ�ÒµÏ�Ë¡ãyË�Ì�Ó�Ë�Ì�Ï
}µÍEÍK_e_�Ò9Ì*ãyÍ�Ì�Ë?ÔsÌ�Ë ¡ Ò9Ë�Ò
Îg|!c Ô Ò�_e|!ÒµÏ4Î4Ë�Ì�Ï�Ñ�Ò Î�Ê9Ë�Ì�Ë1Ö
ÔsÍ�Ì�Ë^ÍPÒ9Ë
Þ¾Í/Òb|�}�Ë3=AÑ)Ëf_3Î}Î4ÍLÙwÒb}?óFÖ�Ï�ÊµÑ6Ñ)Ëf}cÏ4Í/Ò9Ìo_3Ë�Ï
Ñ�Ì�Ë�Ô�Ë�Ì�Ë�Ò
Î Ô Ñh|�|dc Ô Ò^}µË�ÒµÏ4Ë<Ë�ÒèÐ Ô Ì�ÍPÒµãyË�ÒÆÎ�Ï�×[]Í�Î�Ê Ñ6Ñ�Ñ�Ñ1Ì�Ë�ÒÆÎ�_3ÍPÒ
Î4ÌuÑh} Ô _3Î Ô ÍPÒµÏ Ã Î�Ê9Ë Ï�ã{Ñh|�|ÒAÒµãYÓ)Ë�ÌêÍ�ÔGóFÖ�Ï�ÊµÑ6Ñ)Ëf} Ï�Í/Ò9Ìo_3Ë�Ñ�Òb}bÎ�Ê9Ë Ô ÌsÑµÌ�Ë1Ö
ÔsË�Ì�Ì�Ëf}F|#ÍK_�Ñ1Î Ô ÍPÒ Ô ÒGÑ)ÍÆÍ�Ì�Ë�ÒèÐ Ô Ì�ÍPÒµãyË�ÒÆÎ�Ï�Ã¡ã Ô ÓPÊÆÎÊµÍ§Þ]Ë�Ð�Ë�Ì�Ó)Ë\Ì�Ë�Ï�Í�|(Ð�Ëf}9Þ&ÊµË�ÒìÑ�Ò9Í�Î�Ê9Ë�ÌÜÏ4Ëf|#Ëf_3Î Ô ÍPÒ
Ó Ô Ñ�Ï Ô ÒµÊ9Ë�Ì�Ë�ÒÆÎ Î4ÍyÎ�ÊµË�_e|ÖÑ�Ï�Ï Ô Ù~_�Ñ1Î Ô ÍPÒMÍ�Ô�óFÖ�Ï�Ê�Ñ6Ñ�Ëf}Ï�Í/Ò9Ìo_3Ë�Ï Ô Ï*Î�Ñ1$�Ë�Ò Ô ÒÆÎ4ÍMÑh_e_3Í/ÒµÒÆÎ�×
øAÎ Ô Ï Ô ã'Ñ)Í�Ì�Î�Ñ�ÒÆÎ,Î4Í�Ò9Í�Î4Ë\Ñ1ÓPÑ Ô ÒñÎ�ÊµÑ1Î§Î�Ê9ËF_e|ÛÑ�Ï]ÖÏ Ô Ù~_�Ñ1Î Ô ÍPÒðÍ�ÔLó�Ö�Ï�ÊµÑ6Ñ)Ëf}ðÏ�Í/Ò9Ìo_3Ë�Ï Ô Ï[Ñ�Ò9Ì�Ëf|dcLãyÍ�Ì0Ö
ÑwÊ9Í�|#Í�Ó Ô _�Ñh|�Ñ�Òb} Ô Ï�}µË�Ù�Ò9Ëf},ÍPÒb|dc'Ó�c{Î�Ê9Ë?ÑµÌ�Ë�Ï4Ë�Ò~_3ËÍ�Ô�Ð Ô Ï Ô Ó~|#Ë,Ï4Ëf_3ÍPÒb}µÑ1Ìgc�|#Í�Ó)Ë�Ï�× í Í§Þ]Ë�Ð�Ë�ÌMÎ�Ê9Ë.Ï4Ëf_eÖ
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	 � � ��� ��� � 	 � 	�� ���:� � � �*�X� ��� ����� � 	��ÍPÒb}µÑ1ÌgcQ|ÛÍ�Ó�Ë�Ï]Í�Ô�óFÖ�Ï�Ê�Ñ6Ñ�Ëf}§Ï4Í/ÒµÌo_3Ë�ÏRÞ Ô |!|wË�Ð�Ë�Ò
Î0Ò"ÖÑh|!|dc[ÔSÑh}9Ë�Ñ�Þ�Ñfc�}�Ò9Ë]Î4Í<Ï�c6Ò~_�Ê9Ì�Í�Î4Ì�ÍPÒyÑ�Òb} Ô Ò¨Ð�Ë�ÌuÏ4Ë1Ö
i]ÍPã'ÑµÎ4ÍPÒ�|#ÍPÏ�Ï4Ë�ÏfÍPÒb_3ËÕÎ�Ê9ËecEÑ1Ì�Ë�ÒµÍ�Î�Ó)Ë Ô ÒµÓ�ÔsËf}EÓ�c
Ô�Ì�Ë�Ï�Ê_Ñ�Ñ1Ì�Î Ô _e|#Ë�Ï?Ñ�Òmc�ãyÍ�Ì�Ë�×*ô Ï�Ê9Í�Ì�Î�ÔSÑh} Ô ÒµÓ Î Ô ãyË
_3ÍPã'Ñ�Ñ1Ì�Ëf}ñÎ4Í¤Î�Ê9ËÜÎ4Í�Î�Ñh|cÑh_3Î Ô Ð�Ë�| Ô Ô�Ë�Î Ô ãyË¡Í�ÔEÎ�Ê9ËÏ4Í/Ò9Ìo_3ËGÞ¾Í/Òb|�}öÎ�Ê9Ë�Ò ÒµÑ1Î0Ò9Ì�Ñh|�|dcðË3=2Ñ~|ÛÑ Ô Ò�Î�Ê9ËÜÑ6Ñ"Ö
Ñ�Ñ1Ì�Ë�ÒÆÎ�|#Í�Þ ÒèÒ�ã$Ó)Ë�ÌcÍ�ÔNó�Ö�Ï�ÊµÑ6Ñ)Ëf}ÚÏ4Í/ÒµÌo_3Ë�Ï�× ü ËÑh|ÛÏ4ÍyË3=2Ñ�Ëf_3Î&Î�Ê9Ë�ÔsÑh} Ô Ò9ÓdÎ Ô ãyË�Ïg_�Ñh|ÛË Ô Ò^_e|!ÒµÏ4Î4Ë�ÌuÏ�Î4Í
Ó�Ë�_3ÍPÒµÏ Ô }9Ë�ÌuÑ6Ó~|dc�Ï�Ê9Í�Ì�Î4Ë�ÌÿÎ�ÊµÑ�Ò Ô Ò�|#Í§Þ�}9Ë�ÒµÏ Ô Î�c�Ë�Ò2Ö
Ð Ô Ì�ÍPÒµãyË�ÒÆÎ�Ï`}�ÒµË¡Î4ÍêË�ÒµÊµÑ�Òb_3Ëf}�Ì�Ñh} Ô Ñ1Î Ô Ð�ËC|#ÍPÏ�Ï�Ë�Ï�SÑ�Ï Ô ÒêÎ�Ê9Ë^_�Ñ�Ï4Ë§Í�Ô�i�c6Ó^ô��^Ï4Ë�Ë.[�Ñ1Ì�Î�Ê9Ëf|�� ô�Ì8ÖÒµÑ�Òb} ��ë�ë�' � ×rØ*Ê Ô Ï[Þ]Í/Òb|!}ðË3=AÑ~|ÖÑ Ô ÒLÎ�Ê9Ë§Ì�Ëf|ÖÑ1Î Ô Ð�ËÍ§Ð�Ë�Ì0Ñ)Í�Ñ�Òb|ÖÑ1Î Ô ÍPÒ�Í�Ô'ó�Ö�Ï�ÊµÑ6Ñ)Ëf}ìÏ4Í/Ò9Ì�_3Ë�Ï Ô Ò Ñ)Í6Í�ÌË�Ò¨Ð Ô Ì�ÍPÒµã{Ë�Ò
Î�Ï�×ì 2Ò"Ñ�Ñ�Í�Ì�ÎäÎ4ÍðÎ�Ê Ô Ï Ô }9Ë�Ñ Ô ÏyÓ Ô Ð�Ë�Ò
Ó�cXÎ�Ê9ËyÑ6Ñ�Ñ�Ñ1Ì�Ë�ÒÆÎ<Ñ6Ó�Ï4Ë�Òb_3ËdÍ�Ô
ó�Ö�Ï�ÊµÑ6Ñ)Ëf}ÜÏ4Í/Ò9Ì�_3Ë�ÏÑ1Î¡Ì�Ëf}µÏ�Ê Ô ÔsÎ Ñ6Ó)Í§Ð�Ë ²Æ¦ ç2×ºúA× ü Ê Ô |#Ë\Î�Ê Ô Ï Ô Ïj}�Ò9ËÔ Ò�Ñ�Ñ1Ì�Î�Î4ÍVÑ^|ÛÑh_�$:Í�Ô¾Ï�Ë�ÒµÏ Ô Î Ô Ð Ô Î�c¡Ñ�Òb}:Ì�Ë�Ï4Í�|!ÒµÎ Ô ÍPÒ
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3c403  Lobe Fading Time
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4c12.03 Simulated ageing - 50 Myr
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4c12.03  Simulated ageing - 100 Myr
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4c12.03  Simulated ageing - 130 Myr
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NGC 326 Simulated ageing  -  50 Myr
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NGC 326 Simulated ageing  -  150 Myr
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NGC 326 Simulated ageing  -  180 Myr
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3c136.1 Simulated ageing  -  50 Myr
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3c136.1 Simulated ageing  -  100 Myr
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3c136.1 Simulated ageing  -  160 Myr

D
E

C
L

IN
A

T
IO

N
 (

B
19

50
)

RIGHT ASCENSION (B1950)
05 13 25 20 15 10 05 00 12 55 50 45

\
40
\

25 00

24 58

56

54

52

50

µ�¶!·~¸b¹�èk��éX] ë Â¨¿ÁÀ¼Â^[1ùÕÀº÷ â ñÆÃ|òØ»Õ½2íAð�º�½�Ç�ð�ñÆÅÈÇHù



#O$<_ ü+ý;þdÿ����jL�� �����rL���	vL�
�����&þ���
�	����þ ü�	yxzx�	������������
B2 0828+32 Simulated ageing  -  50 Myr

3c136.1 Simulated ageing  -  110 Myr
`
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3c223.1 Simulated ageing  -  50 Myr
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3c223.1 Simulated ageing  -  100 Myr
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3c223.1 Simulated ageing  -  120 Myr
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