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Expected Level of Calibration Errors
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Fit:
 Diameter (mas):  11.9± 0.1± 0.2
 Vis_0:  0.99±0.02±0.04
 Reduced Chi2:  0.93
 RMS Percent Error (%):  2.7

Fit (Forced V_0=1):
 Diameter (mas):  11.9± 0.1± 0.2
 Reduced Chi2:  1.47

q¶HJ�@B !%B Í U=¦ ��m5u�F#§2ILKgU%�2I¡F2�^Z\b1I±P^`.mtHTK0F2Y�rlILK\§%U%Z\HJF�G1r0�¢HJZ\b'~\ ;`�f�V&q¶x��� ;P±B@Y�¦ �¢G�UN§2ILKgU%�2INo$o1U%Z\U��¥F2K
P¶`)mtHTKNB�u}¦nf�§2ILKvU%�2INo9o1U%Z\U¡��HTZ\b�a�G1HJ�¥F2Kg� o�HTrl���1Z\rNB���ILK\I2O@�nI��1K\INr\ING=Z0�1Z\rk�¢HJZ\b�Y_F2Z\b�m�¤»«=¦n�@�WINo�ZlF !%BÚ«
U2G1ozU2RSrlF�RJIL�¥Z0�|K\ILIQZlF�§�U%Kg£2Bny¨ILI�ZlI��WZ��@6¨B 3��¥F2K�o1HSr\uLa1r\r\HTF�G4B

����������� � È�Ã&Á��vÈ_Å
	^Â��%È@ÊvÇ|Ê
Ã&ÁLÈ,Â�
���� ����������� ��� ��� �#ÇSÊ
ÇÀ¾LÇ 	 Ç»Ã»ÇÀÁ�Ê

q¶HJKvrlZLO,�nI¡§�U2RSHTo1U%ZlIQZ\b1I¡G1IL��~\ ;`^f�V&q¶x��� ;P o�U%Z\U���HT�_INRSHTG@I�Y¨£9r\b@F#��HTG@��§¨HTrgHJY�HTRTHTZ&£�o1U%Z\U�F2�nU�rgHTG@��RJI
rlF�a@Kvu�I�U%Z 6Qo1H;:�ILK\ING=Z�Y,U2rlINRTHTG@INrNB^`�b�HTr¶KgU2G@�2I¢F2�_Y,U2rlINRTHTG@INr�U2RSRJF}��r"a1r�ZlFDugb@INug��Z\b@I�HTG�ZlILKgG1U2R�u�F�G1r\HTrlZlING�u�£DF2�
Z\b@IQo�U%Z\U�r\HTG1u�IQZ\b@I�F2Y�rlILK\§%U%Z\HJF�G1r¢HTG�§2F�RJ§2INoz��U2G�£'u�F�G@�1��a@KgU%Z\HTF�Gzugb1U2G1�2INr��1KgF2Y�HTG@��o1H;:�ILK\ING�Z0K\INrlF�RTa1Z\HJF�G1rLB
q¶HJ��a@K\I !�r\b@F}� Z\b@I9¤»a4Oã§1¦;u�F}§2ILKvU%�2I�U2G�o�§¨HSr\HJY�HTRSHJZ&£zo1U%Z\Uz�|F2KDP^` mtHJK}B�f¢RTZ\b@F�a@��b­HTG �2ING1ILKgU2R��nI���HTRSR�Y�I
r\b@F#��HTG@�;UN§2ILKvU%�2INo�§WHTr\HJY,HTRTHJZ�£;o�U%Z\UWO=b@ILK\Ik�nI0�1K\INrlING�Z¶INU2ugb�HSG1o1HJ§WHTo1a1U2R�§¨HTrgHJY�HTRTHTZ&£;��INU2r\a@K\IN��ING=Z�¤»U2G1o¡ILKgK\F2K
¦
HTG¡q¶HJ��a@K\I !�Y�B^~ìG¡Z\b1HTr^��U2G@INRÀO2�nI�U2RTrlF�r\b1F}�´Z\b@I0I��W��INu�ZlINo�uLU2RTHJY1KvU%Z\HJF�GQILKgK\F2Kgr¶Y�U2rlINo¡F�G¡Z\b1I�a1G1u�ILK\Z\U2HTG�Z&£DHTG
Z\b@I0uLU2RTHJY�KgU%ZlF2K�o1HTU2��ILZlILKvrLB�~ìGDKgU%K\I0uLU2rlINr��¢b@ING¡Z\b@I0uLU2RTHJY1KvU%ZlF2K¶a�G1u�ILK\Z\U2HTG�Z\HJINr�U%K\I0G@F2Z�r\HT��G1HJ��uLU2G�ZLO%�"I�b1U}§2I
U2r\r\a���INo'UI�1F¨F2K0F2� 6��³rl£WrlZlIN��U%Z\HTu;ILK\KgF2K�Z\b1U%Z���HT��b=Z�U%KgHSrlI;�|K\F�� a1G1��FWo@INRTRJINo�ugb1K\F���U%Z\HTu;I :�INu�Z\rD¤¥Y,U2rlINo
F�G?rlF2�|Z��nU%KgI$r\HS� a1RSU%Z\HJF�G1r¡F2�±��U��@HT�Da1� ��HSr\uLU2RTHJY1KvU%Z\HJF�G1r¡��F�r\r\HJY,RJI��|K\F�� rlZlK\F�G@��ugb@KgF���U%Z\HTu$o1H;:�ILK\ING1u�INr
Y�ILZ&�nILING9rlF�a1Kgu�IQU2G1o'uLU2RTHTY1KgU%ZlF2K�a1rgHTG@��U���FWo@INR�F2�^Z\b@IQq¶x��� ;P.u�F�a1��RJILK
¦vB

d�Izb�UN§2I��1Z¡a1G1HJ�¥F2Kg� o1HTrl�­��FWo@INRTr ZlF Z\b1HTr¡o1U%Z\U U2G1o3b1U}§2I�r\IL��U%KgU%ZlINRJ£�uLU2RTuLa1RTU%ZlINo�Z\b@I'rlZ\U%Z\HTr\Z\HTuLU2R
U2G1o�rl£WrlZlIN��U%Z\HTu;ILKgK\F2KgrLB�]^ILK\KgHSG$¤Àª%«2«B6�¦0�1K\INrlING�ZlINo'U¡rlF2��b1HTr\Z\HTuLU%ZlINo�U2G1U2RJ£¨Z\HTuLU2R���ILZ\b@FWo��|F2K�b1U2G�o1RTHTG@�QZ\b1HTr
r\HJZ\a�U%Z\HJF�G´HTG�HTG�ZlILK\�¥ILK\F���ILZlK\£3o1U%Z\U­U2G�U2RJ£¨rgHTrLB�ftG�U2RJZlILKgG1U%ZlI$��ILZ\b@FWo4OnIN����RJF#£¨HTG1�$Y�F¨F2Z\rlZlKgU%��¤ �!�|KgF�G �
`�HJY,r\b1HJKgU2G�H !�#�#�6�¦DU2G�o²E9F�G=ZlI9jkU%KgRTF�r\U2���,RTHTG@�@O^HTrQa1r\INo²b@ILKgI2B9q@F2K�o@ILZlILKg��HSG1HTG@�'Z\b@I�rlZ\U%Z\HTr\Z\HTuLU2R!ILKgK\F2KNO
KgU2G1o1F��<r\a@Y�rlILZ\r�F2�¡UN§2ILKvU%�2INoeo�U%Z\U ¤¥�|K\F�� INU2ugb �»U2uLHTRTHTZ&£1¦�U%K\I��2ING@ILKgU%ZlINo�U2G1o U´Y�INrlZìV��1Z'o1HTU2��ILZlILK9HTr
uLU2RTuLa1RSU%ZlINo��¥F2KkINU2ugbzuLU2r\I2B�m�U%KgHTU2G1u�I�HTG�Z\b@It�1Zk��U%KgU2��ILZlILKvrno�HJK\INu�Z\RJ£�£WHJINRTo�Z\b@I;rlZ\U%Z\HTrlZ\HTuLU2R�ILKgK\F2KgrnU2G1o�Z\b1HTr
��ILZ\b@FWozo@F¨INr�G@F2Z0KgIN¬�a1HTK\I±U2r\r\a1���1Z\HJF�G1rku�F�G1u�ILKgG�HTG@��Z\b@IQG1F�HTrlI�o1HTrlZlKvHJY�a@Z\HJF�G�B



� # �

10 5 0 −5 −10
U Coordinate (m)

−20

−10

0

10

20

V
 C

oo
rd

in
at

e 
(m

)

UV Coverage for R Leo

IOTA_FLUOR (2000Feb)
Keck_Golay (2000Jan26)

10 5 0 −5 −10
U Coordinate (m)

−10

−5

0

5

10

V
 C

oo
rd

in
at

e 
(m

)

Keck_Golay (2000Jan26)

10 5 0 −5 −10
U Coordinate (m)

−10

−5

0

5

10

V
 C

oo
rd

in
at

e 
(m

)

Keck_Golay (2000Jan26)

q¶HJ�@B ª¨B Í U=¦
�¢m u�F}§2ILKgU%�2I�F2�;Z\b@I$P°x�ILF3 tY,rlILK\§%U%Z\HJF�G1r��¥K\F�� ��INu\��U%��ILK\Z\a@KgI9��U2rl�WHTG@�*U2G�o�~\ ;`�f�V
q¶x��� ;P±B@Y�¦n`0�"F%V&o�HT��ING1r\HTF�G1U2R_§¨HTrgHJY�HTRTHTZ&£�o1U%Z\U�F2Y�r\ILK\§2INo9a1rgHTG@�¡��INu\�'U%��ILK\Z\a@K\I±��U2rl�¨HSG@�@BD�!U2ugb�u�F�G=ZlF�a1K
HTr0«WB4!QmtHTrgHJY�HTRTHTZ&£2B

q1F2K"Z\b@I;rl£WrlZlIN��U%Z\HTu�ILK\K\F2KgrNO=�nItb1U}§2Ita�rlINo�UDEzF�G�ZlIQjkU%KgRJFQ��ILZ\b@F¨o�ZlF §%U%K\£�Z\b@Itr\H �LINr"F2�4Z\b@I¢uLU2RSHJY1KgU�V
ZlF2Kgr�a1r\INo4O4��HJ§2ING Z\b@I�a1G�u�ILK\Z\U2HTG�Z\HJINrt�|K\F��¯`^U%Y�RJI>6¨B �¢r\a�U2RTRJ£9rl£WrlZlIN��U%Z\HSu¡ILK\K\F2K�r\RTHJ��b�Z\RJ£9o1F���HTG1U%ZlINr;F#§2ILK
KgU2G1o1F�� ILK\K\F2KtHTGzZ\b�HTr0I��W�_ILKvHT��ING�ZLO,U2RJZ\b@F�a1��b9G@INHJZ\b1ILK¢U�:�INu�Z¢Z\b@I INrlZ\HT��U%ZlINo$r\H �LINrto@KgU2��U%Z\HTuLU2RTRJ£�Y�INuLU2a1rlI
Z\b@ItZ\U%K\�2ILZ\r0U%K\It�2ING@ILKgU2RTRT£�b@INUN§WHTRJ£�K\INr\F�RJ§2INo4B�i¢F2ZlItZ\b�U%ZkU2RSR�UN§2ILKvU%��HTG@�¡F¨uLuLa1Kgrka1r\HTG@�QZ\b@I¢F2KvHJ��HTG1U2R
� [ U2G1o
G@F2Z0Z\b@I ��HTG�F2Kgo@ILK0ZlF�U}§2F�HTozY,HTU2rn�|F2K�G1F�HTrl£�o1U%Z\U2r\ILZ\r&$�b@F#�"IL§2ILKNO,�"I���K\IL�|ILK0ZlF���K\INrlING�Z0F�a@K0K\INr\a1RTZ\rna�r\HTG@�
�°¤¥��b1HTuvb'HTrk�»a1RTRJ£�IN¬¨a1HJ§%U2RJING�ZLO�r\HTG�u�ItZ\b1I±ILK\K\F2Kgr�U%K\I±r\��U2RTR4U%�¥ZlILK¢U}§2ILKgU%��HTG@��¦vB

`�b@I��1Z"ZlFQZ\b@I;P¶`®m;HJKno1U%Z\U U2u�Z\rkU2rkU ¹ `�Kga@Z\b�`�INrlZ\ºQ�¥F2KnF�a@Kno�U%Z\U U2G1U2RT£¨r\HSr���HJ��INRTHSG@I2B�`�b@I¢§¨HSr\HJY�HTRSHJZ&£
o1U%Z\Uzr\��U2G�U�KgU2G@�2I�F2�k«WBÕª�ZlF9«WB A�O^U2RTRJF#��HTG@�'U�K\F2Y�a�rlZ�ZlINrlZ±F2�kuLU2RTHJY1KvU%Z\HJF�G4B¡q^HT��a@K\I !Lu�r\b@F#��r�Z\b@I�KgINr\a1RJZ
F2���1ZlZ\HSG@��U �tG1HJ�¥F2Kg� C;HTrl�?¤ �¢C±¦QZlF Z\b@I�o�U%Z\U2rlILZLO�Y�F2Z\b3U2RTRJF}�¢HTG@�zZ\b@I�§WHTr\HJY�HSRTHJZ&£ U%ZDZ\b@I�F2KgHJ��HTG?¤ ���}¦±ZlF
�1F�U%Z�F2K;Y�I¡�@�¨INo$ZlFza1G�HJZ&£2B�~ìG$INHJZ\b@ILK±uLU2rlI2O�Z\b1I¡o�HTU2��ILZlILK;�nU2r±�|F�a1G�o9ZlF'Y�I !�!*� #���«$�4!���«$�Õª���U2r�¤¥Z\b@I
Z&�nF�INrlZ\HT��U%ZlINrnU%KgIt�¥F2K0rlZ\U%Z\HTrlZ\HSuLU2R_U2G�o�r\£¨rlZlIN��U%Z\HTutILK\K\F2Kgr"K\INrl��INu�Z\HJ§2INRJ£2OW�¥F�RTRJF#��HTG@�DrlZ\U2G1o1U%Kgo�u�F�G�§2ING=Z\HJF�G_¦vB
E9F�rlZ�HT����F2K\Z\U2G�Z\RJ£2O¶Z\b@I�KgINo1a1u�INo���['© !�HTG1o�HTuLU%ZlINr U$b1HJ��b�RJIL§2INR"F2�¢HTG�ZlILKgG1U2R"u�F�G1r\HTr\ZlING1u�£­ZlF Z\b@I�o1U%Z\U
uLU2RTHJY�KgU%Z\HJF�G4B� ;a@K���INU2rga@K\IN��ING�Z!HTr�rgRTHJ��b�Z\RJ£ r\��U2RTRJILK�Z\b1U2G�Z\b1I�Z&�nF o1HSU2��ILZlILKgr�K\IL��F2K\ZlINo�Y�£�]^ILK\KgHTGz¤2!�#�#�)�¦vÌ
!�6¨BÚ«B)��;«WB4!�+ ��U2r¶F2K9!Nª¨B 6�)��;«WBÕªBAQ��U2rLO=o1IL�_ING�o1HTG@�¢F�G�o1U%Z\U�rlINRJINu�Z\HJF�Gz¤»r\ILI�]^ILK\KgHTGDZ\b@INr\HSr��¥F2K���F2K\I�o1ILZ\U2HTRJINo
o1HTrguLa1r\r\HJF�G�F�G'Z\b�HTrk��U%K\Z\HTuLa�RTU%K�rlF�a@Kgu�I#¦vB

d)b@ING � �"HSr^G1F2Z^�1�¨INoDZlF±a1G1HTZ&£2O�U;r\RTHJ��b�Z\RJ£±Y�ILZlZlILK��1Z¶HTr^�¥F�a1G1oD��HJZ\b � �'�?«$� #��¨B!`�b1HTr^r\RTHT��b=Z¶o@IL§WHTU%Z\HJF�G
�¥K\F�� U ��ILK\�¥INu�Z"a1G1HT�|F2Kg��o1HTrl��u�F�a1RTo�Y�I¢o1a1I�ZlF¡��U2G=£��,RTU2a1r\HJY,RJI���INugb�U2G1HTr\��r!F2Z\b@ILKkZ\b1U2G���HTr\uLU2RTHTY1KgU%Z\HJF�G4O
HTG1uLRSa1o1HTG@�;ugb�U2G@�2INr"HSG¡��b@F2ZlF�rl��b1ILKgHTu0r\H �LI�Y_ILZ��"ILING�ª%«2«2«2q@ILYzU2G1o�ª%«2«2«2f¢�1KNOWG@F�GWV �tC ��b1F2ZlF�rl��b@ILKgHSu"��K\F2��RJI
�¥F2K�Z\b1HTr¡RTU%ZlI�V�Z&£¨��I'rlZ\U%K�¤ÀE"��~\~\~
O^rlIN��HüV�K\IL��a1RTU%K¡��a�RTr\U%ZlF2K
¦vO�F2K�U r\��U2RTRkU2��F�a1G�ZDF2�tr\uLU%ZlZlILK\INo�RSHJ��b=ZD�¥K\F��



� !L« �

Z\b@I��WG@F}��G´uLHTKguLa1��rlZlINRSRTU%KDo�a1rlZ¡r\b@INRTR;¤»��KgF�G3ILZ�U2RÀB !�#�#BA2¦vB�P�IL��U%Kgo1RJINr\rNO��"Izb�UN§2I'INrlZ\U%Y�RSHTr\b@INo�HTG�ZlILKgG1U2R
u�F�G1r\HSrlZlING1u�£ � 6��°�¥F2K±F�a@K±o1U%Z\U'�,HJ��INRTHTG@I2B±d)b1HTRTIDZ\b1I�ZlKga@I�HTG�ZlILKgG1U2R�uLU2RTHTY1KgU%Z\HJF�G ��HJ��b�Z�Y�I¡Y_ILZlZlILKQZ\b1U2G
Z\b1HTrNO@Z\b@I±o1U%Z\U�¬¨a1U2RTHJZ�£�r\Z\U%K\Z\r�ZlF�Y�I;Y�INu�F���IQRTHS��HJZlINo�Y�£�rl£WrlZlIN��U%Z\HTu±ILK\K\F2KgrLB

� � ����� � � �����WÅ �
Ç|È�É���Á\Â
	�Å��@Á ��Ã»½��lÁ���Å%Ê
	#Ç¥È�É'Å%È_Æ ����� ����� � � ��� Æ�Å2Ã�Å

d)b1HTRTIk��F�rlZ�F2��F�a@K!Z\U%Kg�2ILZ\r"U%K\I¢u�F�����RTHTuLU%ZlINo�o1a1rlZ�r\b1INRTR@rlF�a@Kgu�INrNO�U��¥IL� ¹ r\HS����RJINº;rlF�a@Kvu�INr!uLU2G�U2u�Z"ZlF
ZlINrlZ�Z\b@I �\Á 	JÅ2Ã»Ç �%Á uLU2RSHJY1KgU%Z\HJF�GDY�ILZ&�nILING¡Z\b@I0��INug�D��U2r\�¨HTG1�;U2G�o ~\ ;`^f�V&q¶x �; ;P®o1U%Z\UWB�`�b1HTr¶u�F�����U%KvHTrlF�G¡HTr
HT����F2K\Z\U2G�Zkr\HTG1u�I¢Z\b@I;Z\b@ItHSG=ZlILK\�¥ILK\F���ILZlKg£���ILZ\b@FWo1r"IN����RJF#£2INo'U%K\I�uLRJINU%KgRJ£�§2ILKg£�o1H;:�ILK\ING�ZLÌ���INu\����U2rl�WHTG@�
a1rlINo�HT��U%�2It��RTU2G1I�u�F��QY,HTG1U%Z\HJF�G���HJZ\b�G1U%K\K\F#��Y,U2G1o@��U2r\r!��RJZlILKgr"��b1HSRJI0~l �`�f a�rlINo�U �1Y�ILK"u�F�� Y�HTG1ILK"F#§2ILK
U�Y1KgF�U2o'�nU}§2INRJING@�2Z\b9Y�U2G1o4B

q¶HJ��a1K\INr^ª#V 3�u�F�G�Z\U2HTGDZ\b@I±¤»a4Oã§1¦�u�F#§2ILKgU%�2I�U2G1o Z&�nF%V&o1HT��ING�r\HJF�G1U2R�§¨HSr\HJY�HTRSHJZ&£¢�|K\F�� ��INug�QU%��ILK\Z\a@K\Ik��U2rl��V
HTG@���|F2K;P x�ILF@O�P��¢£�UWO4U2G1ozd �¢£�UWB�`�b1IQRJF}� o@INuLRTHSG1U%Z\HJF�G'F2��Z\b@I¡RTU%ZlZlILKtZ&�nF�r\F�a@Kgu�INrtuLU2a1rlINr¢Z\b@IDª�!D�
��b�£¨rgHTuLU2R�Y,U2rlINRTHTG@IDU%Z;~l ;`^f5ZlF�Y�I ��K\F�1ìINu�ZlINo ZlF9©*!�!¡�'O�Z\b¨a1rt�1K\F#§¨HTo�HTG@��U�G@INU%KlV�F#§2ILKgRTU%����HTZ\b9Z\b@II#��
RJF�G@�2INr\Z0Y�U2rlINRTHTG1INrkIN����RJF#£2INozU%Z���INu\�_B"`�b1HTrnF}§2ILKgRSU%�9K\IL��HT��I±U2RTRJF}�¢r0U2G@F2Z\b@ILK��2F¨F¨o9ugb@INug��F2�¶Z\b@I�KgINRTU%Z\HJ§2I
uLU2RTHJY�KgU%Z\HJF�G$�1K\FWu�INo1a@K\INrNBD`�b1I¡�±INu\����U2rl�WHTG@�'o1U%Z\U�K\IL§2INU2RSr�Z\b@INrlI�rlF�a1Kgu�INr�ZlFzY�I¡�¥U2HTKgRJ£9uLHJKvuLa1RTU%KNO4U2r�I��¨V
��INu�ZlINo4B�f®rlIL�,U%KgU%ZlI�uLU2RTHJY�KgU%ZlF2K�rlZ\a1o@£ b1U2r�r\b@F#��G¡Z\b1U%Z��nI0I��¨��INu�Z9!L«�V�ª%«�� U2rl£¨����ILZlKgHJINr¶�¥K\F�� ��HTG�o1r\b1U%�2I
U2G1o F2Z\b@ILK rl£¨r\ZlIN��U%Z\HTu¡ILK\K\F2Kvr;�|F2K±rlF�a1Kgu�INr�F2�!Z\b�HTr�r\H �LIz¤»itHTu\��E9a1K\��b�£2O4�1KgHJ§%U%ZlI�u�F���� a�G1HTuLU%Z\HJF�G4O^ª%«2«B6�¦vB
�¢ING1u�I2O4U2G=£$r\��U2RTR�K\INr\HTo1a�U2R�U2rl£W����ILZlKgHJINr;rlILING U%K\I¡RTHJ�2INRT£�ZlF�Y�I ��HTr\uLU2RTHJY�KgU%Z\HJF�G1r�U2G�o�U%K\I¡G@F2Z;��FWo@INRTRJINo
b@ILK\I2B

10 5 0 −5 −10
U Coordinate (m)

−10

0

10

20

V
 C

oo
rd

in
at

e 
(m

)

UV Coverage for R Hya

IOTA_FLUOR (2000Feb)
Keck_Golay (2000Jan26)

10 5 0 −5 −10
U Coordinate (m)

−10

−5

0

5

10

V
 C

oo
rd

in
at

e 
(m

)

Keck_Golay (2000Jan26)

10 5 0 −5 −10
U Coordinate (m)

−10

−5

0

5

10

V
 C

oo
rd

in
at

e 
(m

)

Keck_Golay (2000Jan26)

q¶HJ�@B 6¨B Í yWU2��I±U2r�q¶HJ��a1K\IQª¨O1I��@u�IL�1Z��¥F2K�P.�¢£�UWB

q¶HJ��a1K\INr +#V A¡r\b@F#� Z\b@I±U/�NHT�Da@Z\b1U2RTRJ£�V&UN§2ILKvU%�2INozo1U%Z\UWO@Y�F2Z\b�Y�IL�|F2K\I�U2G1o'U%�¥ZlILK�U%�1��RT£¨HTG1� Z\b@I;IN���,HJKgHTuLU2R



� !�! �

10 5 0 −5 −10
U Coordinate (m)

−10

−5

0

5

10

15
V

 C
oo

rd
in

at
e 

(m
)

UV Coverage for W Hya

IOTA_FLUOR (2000Feb)
Keck_Golay (2000Jan26)

10 5 0 −5 −10
U Coordinate (m)

−10

−5

0

5

10

V
 C

oo
rd

in
at

e 
(m

)

Keck_Golay (2000Jan26)

10 5 0 −5 −10
U Coordinate (m)

−10

−5

0

5

10

V
 C

oo
rd

in
at

e 
(m

)

Keck_Golay (2000Jan26)

q¶HJ�@B 3@B Í yWU2��I±U2r�q¶HJ��a1K\IQª¨O1I��@u�IL�1Z��¥F2K�d ��£�UWB

��INug��u�F2K\K\INu�Z\HJF�G1r�o@INr\u�KgHTY_INo´U%Y�F#§2I�HTG �@6¨B 6¨B ftRTrlF@OnZ\b@IzK\INrga1RJZ\r�F2�;Z\b@I9a�G1HJ�¥F2Kg� o1HTrl�²�1Z\r�U%KgI9r\b@F#��G4O
�¥F�RTRJF}�¢HTG@��Z\b@I�rgU2��I��1K\FWu�INo1a@KgI�o@INr\u�KgHJY�INo�U%Y�F}§2I¢�|F2KnP¶`�m;HJKNB¶`�b@I���G�U2R@K\INr\a1RTZ\r¶F2� �¢C o1HSU2��ILZlILK!�1Z\r"U2G1o
K\INRJIL§%U2G�Z�u�F�����ING�Z\r�uLU2G9Y_I;�¥F�a1G1o'HTG'`^U%Y�RJI 3@B

P x�ILFz¤»q^HT��a@K\I +�¦"r\b@F}�¢rnU¡r\a1K\�1KgHTrgHTG@��RJ£ �2F�FWo'U%�2K\ILIN��ING�Z�U%Z0RJF�G@�¡U2G1o�r\b@F2K\ZkY�U2rlINRSHTG@INrLO¨u�F�����RJILZlINRJ£
u�F�G1r\HSrlZlING=Z!��HJZ\b�U±a1G�HJ�|F2Kv�eo�HTrl�Q�¢HJZ\b�o1HTU2��ILZlILK 6%«WBÕª��;«WBÕª��;«WB 6D��U2rLB�`�b�HTr�HTr�u�F�G�ZlKgU%K\£�ZlF±K\INu�ING�Z���G�o1HTG@��r
F2�Q]^ILK\KgHSG®ILZ'U2RÀB;¤2!�#�#�#�¦���b@F��|F�a�G1o®rlZlKgF�G@�²IL§WHTo@ING�u�I��¥F2K'o@IL§¨HSU%Z\HJF�G1r��|K\F�� a1G�HJ�|F2Kv� Y1KgHJ��b�Z\G@INr\rNO�U2G1o
�1K\F2Y,U%Y�RJ£9KgIL�1K\INrlING�Z\r±ZlIN����F2KgU2R!ugb1U2G@�2INrDHTG�Z\b1I���b@F2ZlF�rl�,b@ILKgHTu�rlZlKva1u�Z\a@K\I�K\INRSU%ZlINo­ZlF���F�RJINuLa1RTU%K±F2�,U2uLHJZ&£
¤¥I2Bã�@BJO_E9ING1G@INrgrlF�G'ILZ�U2RÀB_ª%«2«�ª%$_A�U2u�F2Y'��yWuvb@F�R �Qª%«2«�ª�¦vB

`�b@I¢r\b1F2K\ZlINrlZk~l �`�f)Y�U2r\INRTHTG@INrnU2G1o�Z\b@ItRTF�G@�2INrlZ0��INu\��Y�U2rlINRTHTG1INr"U%K\I;r\HT��HTRTU%K!�¥F2KkP ��£�U¡U2G1o�d �¢£�U
¤»q¶HJ��a@K\I )9� A2¦vBD���WZlKgU%��F�RTU%Z\HJF�G1r�F2�WZ\b@I"��INu\��§WHTr\HJY,HTRTHJZ�£�r\b@F}�²�2F�FWo±U%�2K\ILIN��ING=ZLO�U%Z�Z\b@In© +#V !L«��.RJIL§2INRÀO�u�F�GWV
r\HTr\ZlING=Z"��HJZ\b�I��W��INu�ZlINo�uLU2RTHTY1KgU%Z\HJF�G�ILKgK\F2Kgr�F2���±INu\��o1U%Z\U HJZ\rlINRJ��¤»U2o1o1HTZ\HJF�G1U2R1o1U%Z\UQF2���¢C )2ª�)2ª�6¨O¨m��ej0E�UWO
U2G1o9~>P�j 8I!L«/3=ª%«WO,�1KgINrlING=ZlINo�HTG�� 3�U2RTrlF�u�F�G�Z\U2HTG�Y�U2rlINRTHTG1I;G1INU%KlV�F}§2ILKgRSU%��r¢U2G�o9u�F�G@�1Kv�¸Z\b1HTr0KgINr\a1RJZv¦vBnd�I
u�F�G1uLRTa�o@I�Z\b1U%ZnU2G=£�rl£WrlZlIN��U%Z\HTu�ILK\K\F2Kgr!K\INr\a1RTZ\HTG@�;�|KgF�� Z\b@Ita1rlI�F2�4o1H;:�ILK\ING�Z���RJZlILKvr�U%Zn�±INu\��U2G1o�~\ ;`^f U%K\I
RJINr\r�Z\b1U2G'F2Z\b@ILK��WG@F#��GzrlF�a@Kvu�INr�F2�^ILK\K\F2KNB

P �¢£�U²U2G�o®d �¢£�U²INU2ugb r\b@F#�°r\£¨rlZlIN��U%Z\HTu�o1IL§¨HTU%Z\HTF�G1r��¥K\F�� U*a1G�HJ�|F2Kv� o1HTrl�3�1KgF2��RJI9r\b1F}��G?HTG
q¶HJ��a@K\INr7)5� A�B0d?b1HSRJI±��HTr\uLU2RSHJY1KgU%Z\HJF�G'u�F�a�RTo'I��W��RTU2HTGzr\F���IQF2��Z\b@IDugb1U2G1�2INrLO,��K\INrlING1u�I±F2��o�a1rlZ�IN��HSr\r\HJF�G
U2G1o,µ#F2K���F�RJINuLa1RTU%K¡RTUN£2ILKvr�HTG�Z\b@I'a@�1��ILK U%Z\��F�r\��b@ILK\I'u�F�a1RTo3U2RTr\F$I��W��RTU2HSG*Z\b@I'o1HSr\u�K\IL��U2G1uLHTINrLB* ;a@K¡a1rlI
F2��o1H;:�ILK\ING�Z���RJZlILK�Y,U2G1o@��U2r\r\INr��|F2K���INu\��U2G1o´~\ ;`�f HT����U2u�Z\r�F�a@K�U%Y�HTRTHTZ&£*ZlF�rlZ\a1o@£3Z\b1HSr�I :_INu�ZLO¢r\HTG1u�I
��F�RJINuLa�RTU%K¢U%Y�r\F2K\�1Z\HJF�Gzo1F���HTG1U%ZlIDG@INU%K�Z\b@I INo@�2INr¢F2��Z\b@I ��Y�U2G1o²¤»`�b@F�����rlF�G9ILZ¢U2RÀB�ª%«2«�ª�¦�U2G�o�U%K\IDG@F2Z
�1K\F2Y�INo�Y�£�Z\b@I���INu\� G1U%K\KgF}��Y�U2G�o9��RTZlILKgrLB  ;a@K;F2Y�r\ILK\§�U%Z\HTF�G1r;b1HJ��b1RTHT��b=Z¢Z\b@I�G@ILINo �|F2K���F2KgI¡r\£¨rlZlIN��U%Z\HTu
rlZ\a1o1£�F2��E9HTKgU¡��b@F2ZlF�rl�,b@ILK\INr�a1rgHTG@��G1U%K\K\F#�0V�Y�U2G1o��,RJZlILKgrkF2K¢r\�_INu�ZlKgF�r\u�F2��£2B



� !Nª �

x�U2rlZ\RJ£2Ot�"I�u�F�G1rgHTo@ILK'U��|IL� ��HSr\u�INRTRTU2G@ILF�a�r�I :�INu�Z\rz��b�HTugb)u�F�a1RTo?I :�INu�Z'Z\b@I�U%Y�rlF�RTa1ZlI o�U%Z\U´U2uLuLaWV
KgU2u�£2B�q@F2Kt~\ ;`�f�V&q¶x��� ;P±O_uLU2RTHJY1KvU%Z\HJF�G'F2�¶Z\b@I ¹ I :�INu�Z\HJ§2INº��kUN§2INRJING@�2Z\b U2G1o�u�F2K\K\INu�Z\HJF�G�r��¥F2K�Y�U2G1o1��HTo@Z\bWV
r\��INU%KvHTG@�;uLU2G¡Y_InHT����F2K\Z\U2G�Z��¥F2K�rlF�a@Kgu�INr¶F2Y,rlILK\§2INo�U%Z�U2G1oDY�IL£2F�G1oQZ\b1In��KgrlZ¶G�a1RSR�F2��Z\b1In§WHTr\HTY�HTRTHJZ�£¢�,U%ZlZlILKgG4B
~ìG9F2Kgo1ILKtZlF�INrlZ\HS��U%ZlI¡Z\b@IDrgH �LI F2�"Z\b1HTr¢�1KgrlZ¢I :_INu�ZLO��"I�u�F�G1r\HSo@ILK\INo$U�r\HS����RJIQ��F¨o@INR�F2�!Z\b1ID� � ��RJZlILK�U2G1o
UzKgINU2rlF�G1U%Y�RJI�KgU2G@�2I�F2�kI :�INu�Z\HJ§2I�ZlIN����ILKgU%Z\a@K\INrLO^��G1o�HTG@��Z\b1U%ZQZ\b1I�I :_INu�Z\HT§2I��kUN§2INRJING1�2Z\b�uLU2G²F�G1RJ£ r\b1HT�|Z
Y¨£�©*!���B*.kU2G1o1��HTo@Z\bWV&rg��INU%KgHTG@��o@INrlZlK\F#£¨r U2G=£$ZlKga@I�G¨a1RTRSr¢HTG�U�§WHTr\HTY�HTRTHJZ�£zuLa@K\§2I2O�Y�INuLU2a1r\I�F�G1RJ£�U'rgHTG@��RJI
�kUN§2INRJING@�2Z\b�I��W�_ILKvHJING1u�INr�U±G¨a1RTR¨�¥F2K"U;��HJ§2ING��1K\F�1lINu�ZlINo�Y�U2rlINRTHSG@I±¤¥Z\b�a1r"G@F�GWV&G¨a1RTRJINoD�kUN§2INRJING1�2Z\b1r!o@F���HTG1U%ZlI
r\HJ��G�U2R��¢b@ING a1r\HTG@��U�Y1K\F�U2o@Y�U2G�o��,RJZlILK
¦vBQq@F2KQ~l ;`^f�V&q^x �; �P ugb1U%KvU2u�ZlILKgHTrlZ\HTuLrNO4Z\b@I¡§¨HTrgHJY�HTRTHTZ&£'��HTG1HS� a1�
HTr �e©�ª�� U%Z�Z\b@IQRJFWuLU%Z\HJF�G'F2�^Z\b@I ¹ ita1RTRSr\º�U2G1o�Z\b@I±��INU%�Wr�U%K\IQo�HT��HTG1HSr\b@INo�Y¨£ # �e© «$�Ú«2«B6¨Bk`�b1HTrnI :�INu�Z
b1U2r;Y�ILING���FWo@INRTRJINo$�¥F2K±P x�ILF'��HT§2ING�Z\b@I�rl��INuLHJ��uD��U%KgU2��ILZlILKgr�F2�!Z\b1INrlI�G@IL�5F2Y�rlILKg§�U%Z\HJF�G�rLO�U2G1o�HJZ;�kU2r
�¥F�a1G1o'G@F2Z�ZlF�r\HJ��G1HJ�,uLU2G=Z\RJ£�ugb1U2G@�2I Z\b@I±o1HTU2��ILZlILK�INrlZ\HT��U%Z\HTF�GzU%Y�F}§2I2B

Azimuthal Averages for R Leo
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Expected Level of Calibration Errors

w/ Empirical Keck Corrections
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Vis Scaling 0.91

Fit:
 Diameter (mas):  30.3± 0.2± 0.3
 Vis_0:  1.00±0.01±0.04
 Reduced Chi2:  0.26
 RMS Percent Error (%):  1.9

Fit (Forced V_0=1):
 Diameter (mas):  30.3± 0.2± 0.2
 Reduced Chi2:  0.30
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Azimuthal Averages for R Hya
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Expected Level of Calibration Errors

w/ Empirical Keck Corrections
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Vis Scaling 0.95

Fit:
 Diameter (mas):  23.7± 0.8± 0.6
 Vis_0:  1.00±0.03±0.03
 Reduced Chi2:  1.99
 RMS Percent Error (%):  4.5

Fit (Forced V_0=1):
 Diameter (mas):  24.4± 0.8± 0.5
 Reduced Chi2:  2.08
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Azimuthal Averages for W Hya
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Expected Level of Calibration Errors

w/ Empirical Keck Corrections
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Vis Scaling 1.13

Fit:
 Diameter (mas):  42.5± 0.7± 0.4
 Vis_0:  0.97±0.03±0.04
 Reduced Chi2:  5.18
 RMS Percent Error (%):  7.7

Fit (Forced V_0=1):
 Diameter (mas):  43.2± 0.7± 0.7
 Reduced Chi2: 10.22
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Expected Level of Calibration Errors

w/ Empirical Keck Corrections
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Vis Scaling 1.21
Vis Scaling 0.92
Vis Scaling 1.12

Radiative Transfer Model
Dust Inner Radius 8.3 mas
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Azimuthal Averages for IRC +10420
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Expected Level of Calibration Errors
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Vis Scaling 0.97
Vis Scaling 0.87
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Azimuthal Averages for VY CMa
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Expected Level of Calibration Errors

w/ Empirical Keck Corrections
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Vis Scaling 0.83
Vis Scaling 0.92

Radiative Transfer Model
Star Diameter = 18.7±0.3±0.4 mas
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Keck Data Only

VY CMa 2.2µm
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Azimuthal Averages for NML Cyg
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Expected Level of Calibration Errors

w/ Empirical Keck Corrections
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Vis Scaling 0.97
Vis Scaling 0.98
Vis Scaling 0.99

Fit (Keck+IOTA):
 Diameter (mas):   7.8± 0.4± 0.5
 Vis_0:  0.59±0.04±0.04
 Reduced Chi2:  0.02
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Azimuthal Averages for VX Sgr
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Expected Level of Calibration Errors

w/ Empirical Keck Corrections

0 50 100 150
Spatial Frequency (105 rad-1)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

V
is

ib
ili

ty

Vis Scaling 1.01
Vis Scaling 0.99
Vis Scaling 0.99

Fit (Keck+IOTA):
 Diameter (mas):   9.5± 0.2± 1.0
 Vis_0:  0.82±0.01±0.04
 Reduced Chi2:  3.37
 
 
 
Fit (IOTA only):
 Diameter (mas):   8.7± 0.3± 0.1
 Vis_0:  0.78±0.02±0.03
 Reduced Chi2:  1.10
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Radiative Transfer Model:
 Dust Inner Radius 60 mas
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Azimuthal Averages for IK Tau
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IOTA_FLUOR (2000Feb)
Keck_Golay (2000Jan26)
Keck_Golay (2000Jan26)

Expected Level of Calibration Errors

w/ Empirical Keck Corrections
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Vis Scaling 1.02
Vis Scaling 1.00

Diameter (mas):  20.2± 0.3± 0.4
 Vis_0:  0.72±0.02±0.04
 Reduced Chi2:  1.48
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IK Tau Models
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Radiative Transfer Models:
w/ Star Diameter 20.2 mas
w/ Star Diameter 18.6 mas
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`^a@Z\b1HTRTR�O=]^B,XDBJO1EzF�G1G�HJILKNO1A@BWCDBJO1CtU2G�ugb1HÀOWdeB,jtBJOWd?HSr\b1G@F#�±O%��B@�QBJO �e�tU2G1H;:¶O1j;B¨f B1ª%«2«2«%Y�O�]�f;y@]�O !�!Nª¨O
+�+�+

§%U2G .nINRTRJI2O^XDB�`�BJO�x�U2G1I2O�.tB�qnBJO�`�b1F�����rlF�G4O�PQB�P±BJO�."FWo@ING4O^fQB�qnBJO�jnF�RTUN§WHJZ\UWO¶E­B�E*BJO�C;a1��F�G=ZLO^]�B^A@BJO
EzF2Y�RTIL£,O=CDB2deBJO=]¶U2RT��ILKNO�C BJO@yWb1U%F@O�E*BJO�m�U2r\HSr\b=ZLOWXDB � BJO�d­U2RTRTU2u�I2OWA@B2��BJO¨jnKgILINugbWVG�"U%�¨��U2G�O¨E*B=A@BJO
��F2K\INrl�2F@O_j;B1C BJO_�±a1RJ�%U%KgG1H�OWy_B�PQBJO1]¶U2G4O �DB�]^BJO ��X;a@Y,RJILKNO1A@BE!�#�#�#¨O�ftA1OE!�!
A�O�+2ª�!

d�INHJ�2INRJZLO�XDBJO�.kU2RJIL��UWO �¡BJO�.kRJF¨INu\�2ILK}OW`±BJO¨q¶RJINHTrgugb@ILKNO¨fQB@A@BJO1 ;rlZlILKgY�U%K\ZLOWP±BJO�� d)HTG�ZlILKgrLO@A@B¨E*B !�#�#��¨O1f7��f O
6�6�6¨O,x�+�!

d�INHJ�2INRJZLO¶XDBJO .kU2RJIL��UWO �¡B �DBJO�.nR FF�u\�2ILKNO^`�BJO���F2�»��U2G1G�O���B V&�QBJO^EzING �Úrgb1ugb1HT�2F}§_O�fQB�.tBJO�� d)HTG�ZlILKgrLO�A@B�E*B
ª%«2«�ª¨O,f ��fQO�6�#2ª¨O�!�6�!

d)HJZlZl�2F}��r\�¨HÀO_E­BJO�x�U2G@�2ILKNO�i BJO � d�INHT�2INRJZLO�XDBE!�#�#��¨O�f ��fQO 6�3�«WO_x�6�#

d�F�RJ�1KgI2O,E­B�XDB ��jkU2r\rgHTG@INRTRTH�OWA1B1]�B�!�#���)¨O,f¢�,A@O 6�!L«WO�ª%« A
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Gallery of Dust Shells

Contours (% of Peak): 0.1  0.5  1   2   3   4   5  10  30  70

q¶HJ�@B±ª2ª¨B Í `�b1HTr¢�1��a@KgI r\b@F#��r�ª¨BÕª����¯HT��U%�2INrtF2�"��U2r\rìV&RJF�r\HSG@��IL§2F�RJ§2INo�r\Z\U%KgrtK\INu�F�G1rlZlKga�u�ZlINo$a�r\HTG@����INu\�
U%��ILK\Z\a@K\I¡��U2rl�WHTG@��o1U%Z\UWB¡`�b@I¡HT��U%�2INr;F2�"Z\b@I�uLU%K\Y�F�G�rlZ\U%Kgr;~ìP0j 8*!L«�ª�!�)zU2G1o*jn~ì` )�U%K\I¡�¥K\F��¯`^a@Z\b1HTRTR
ILZ0U2RÀB_¤Àª%«2«2«2U=¦0U2G1o�E9F�G1G1HTILK"ILZ0U2RÀB�¤Àª%«2«2«%Y_¦"K\INrl��INu�Z\HJ§WRJIL£2O¨��b1HTRJI�Z\b@ItHS��U%�2INrnF2��m �5j0E9U¡U2G1o�i;E9x*jn£¨�
U%K\Ik�¥K\F�� Z\b1HTr^�nF2K\� U2G1o¡b1U}§2I�HTG1u�F2K\��F2KgU%ZlINo¡RJF�G1�%V�Y�U2rlINRTHTG1I!~\ ;`�f�o1U%Z\UWB�`�b@I0u�F�G�ZlF�a@Kgr�RJIL§2INRTr�U%KgIk«WB4!%O¨«WB +¨O
!%O,ª¨O 6¨O 3@O +¨O !L«WO 6%«WO�U2G�o A�«��³F2�^Z\b@I±��INU%��Y1KgHJ��b�Z\G@INr\r0HTG�INU2uvbz��U2G1INRÀO@I��Wu�IL��Z��|F2K¢itE�x3jk£�����b1ILK\I�Z\b@I
u�F�G�ZlF�a@Kgr±RJIL§2INRSr�U%K\I !L«���r\��U2RTRTILK�¤¥F#��HTG@�'ZlFzHTZ\r¢�»U2HTG�ZlILK±o1a1rlZ�r\b1INRTR�U2G�o���F2K\I�u�F�����U2u�ZQu�ING�ZlKgU2R�rlF�a1Kgu�I#¦vB
ftRJZ\b@F�a@��b'uLHJKvuLa1RTU%KgRJ£�V&rl£W����ILZlKgHSu¢o1a�rlZ0r\b@INRTRTr0RSHJ�2INRJ£�I��@HTrlZLO1�nI±b1U}§2IQ£2ILZ�ZlF�HS��U%�2I±F�G@I±r\a�uLu�INr\rl�»a1RTRJ£�a�r\HTG@�
F2�1Z\HTuLU2R�HTG=ZlILKg�|ILK\F���ILZlKgHTu;ZlINugb�G1HT¬¨a@INrLB
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q¶HJ�@B�ª�6¨B Í i¢F2Kg��U2RTH4�NU%Z\HJF�G�yWuvb@IN��I2B$`�b1HTrQ�1��a@K\I�HTRTRTa1r\ZlKgU%ZlINr�Z\b@I�G@IL� uLU2RSHJY1KgU%Z\HJF�G²��ILZ\b@FWo*Y�INHTG1�zIN�¡V
��RJF#£2INo��¥F2K"U2G1U2RJ£%�NHTG@�;~\ ;`^f�V&q¶x��� ;P?o1U%Z\UWB�`�b@IQ¤¥Y�HSU2rìV&u�F2K\K\INu�ZlINo,¦��|KvHTG@�2Ik��F}�nILK!F2Y�rlILKg§2INo�HTG¡INU2ugb��¥KgHTG@�2I
r\uLU2G�¤¥F2��ª%«2«=¦�HTr0��RTF2ZlZlINozU%��U2HTG1rlZ¢U ¹ G@F2Kg��U2RSH �NU%Z\HJF�G1º¡�»U2u�ZlF2K�INrlZ\HS��U%ZlINoz�¥K\F��¸Z\b@IQ��b@F2ZlF���ILZlKgHSu±ugb1U2G�G@INRTr
F2��q¶x �; ;PQB@`�b@I � [ HTrkr\HT���,RJ£¡�1K\F2��F2K\Z\HJF�G1U2R,ZlF¡Z\b@I�r\RJF2��ItF2��Z\b1HTr"K\INRTU%Z\HTF�G4OW��b1HTuvb�HTrn��RTF2ZlZlINo�b1ILK\I�U2RJF�G@�
��HJZ\b�HJZ\r¡a1G1u�ILKgZ\U2HTG=Z�£2B�q@F2K�Z\b1HTrDr\HTG@��RTI�o1U%Z\U2rlILZLO"Z\b@I��|F2Kv��U2R"a�G1u�ILK\Z\U2HTG�Z&£*HSG*Z\b@I'r\RTF2�_I�HTr !%B 6�� HTG � [ O
��b1HSugb'HTr0F�G�RJ£�«WB )�+�� �|F2K�Z\b@I�mtHSr\HJY�HTRSHJZ&£2B



� 3�3 �

`�U%Y,RJI>!%B .kU2r\HTu�]!K\F2��ILK\Z\HJINrkF2��`^U%K\�2ILZ\r

`^U%K\�2ILZ P¢f ¤ÀA�ª%«2«2«=¦ CtINu�¤ÀA�ª%«2«2«=¦ m � y¨��INu�ZlKgU2R `"£���I�F2��y¨F�a@Kgu�I
itU2��I ��U%��� ��U%��� `!£¨��I

~ì� `�U2a «B6>+�6�ª��¨B ��3 8*!�!Qª�3�ª2ª¨B ) !�!%B # V !%B4! E !L«%~\~g~ C;a1rlZìV�ING1r\b1K\F�a1o@INozE�HJKgU¡§%U%KgHTU%Y�RTI
m�� j0E�U « A�ª2ª5+��¨B 6�6 ��ª�+*3 )�«B6¨BÕª �¨BÚ« 8�«WB4! E 6�µ�32~ C;a1rlZìV�ING1r\b1K\F�a1o@INo�K\INo9r\a@��ILK\��HTU2G�Z
�tC )2ª�)2ª�6 « A�3 6I3 �¨B 3CA ��ª��>+BA !
A�B 3 3@BÚ« ª¨B 6 f76�~ìU%Y f r\a@��ILK\��HTU2G�Zk��HJZ\b'HTG@�¥KgU%K\INo�I��@u�INr\r
P.x�ILF «B#*3CA>6�6¨B 3 # 8*!�!Qª�+I3 6¨B ) )¨BÚ« V�ª¨BÕª E ��~\~g~ E9HTKgU¡§�U%KvHTU%Y�RJI
P¶` m;HJK !�6�«�ª56BA�B #�� 8;«B+ !�!Q«B�¨B 3 �¨B ) V !%BÚ« E ��~\~g~ y¨IN��HüV�KgIL��a1RTU%K0§%U%KgHTU%Y�RJI
P.�¢£�U !�6�ª�#I3=ª¨B A/� ��ª�6 !�)5+2ª¨B � )¨B 3 V�ª¨B ) E"A#~\~g~ E9HTKgU¡§�U%KvHTU%Y�RJI
d ��£�U !�6*3 #�«�!%BÚ«2« ��ª���ª2ª�«B6¨B + A�B + V 6¨B4! E"A#~\~g~ E9HTKgU¡§�U%KvHTU%Y�RJI
m��5y¨�2K !���«B��«/3@BÚ«B+ ��ª2ª !�6�ª�)¨B ) !L«WBÚ« «WBÕª E 3%V #¨B +�~ C;a1rlZìV�ING1r\b1K\F�a1o@INo�K\INo9r\a@��ILKgHJ��U2G�Z
~ìP0j 8*!L«/3=ª%« !�#�ª�)I3 �¨BÚ«B6 8*!�!Qª�!5!�)¨B A �¨B + 6¨B ) q?��~ P�U%��HSo1RJ£�V�IL§2F�RJ§¨HSG@�Dq´rga@��ILK\��HTU2G�Z
i;E9x3jn£�� ª%«I3 )�ª�+¨B 3 ) 873�«�«B)5+�#¨B ) !�)¨B ) «WB ) E )�~ C;a1rlZìV�ING1r\b1K\F�a1o@INo�K\INo9r\a@��ILK\��HTU2G�Z

�LE9F�rlZ�F2�^Z\b@I�Z\U%K\�2ILZ\r�U%KgI±§�U%KvHTU%Y�RJI;rlZ\U%Kgr�U2G�o�Z\b@INrlIQ��U%��G�HJZ\a1o@INrkU%K\IQ��ILK\INRJ£�KgIL�1K\INrlING�Z\U%Z\HJ§2I2Bny¨ILI�ZlI��WZ��¥F2K���F2K\I
K\INu�ING�Z���b@F2ZlF���ILZlK\£2B
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`^U%Y�RJIQª¨B A�F�a@KgG1U2R�F2�� tY�r\ILK\§�U%Z\HTF�G1r

`^U%K\�2ILZ CtU%ZlI � #�� ~>G�ZlILK\�¥ILK\F���ILZlILK jkU2RTHJY�KgU%ZlF2K
¤�y¨��B�`"£���I#¦ ¤ �t`¢¦ ¤ ����¦ ¤ ����¦ jnF�G@����a@KgU%Z\HJF�G itU2��INr

�tC )2ª�)2ª�6 !�#�#�#%f¢�1Kvª�) ª¨BÕª�)�# «WB4!�+�+ ��INu\�'ftG1G�a�RTa1r �tC 3CA/)�)BA
¤»f 6�~>U%Y_¦ ª%«2«2«�A=U2G�ª�) ª¨BÕª�)�# «WB4!�+�+ ��INu\�'ftG1G�a�RTa1r +�3�]�ILK

ª%«2«2«2q@ILY,«B+¨OÚ« A ª¨B4!�) «WB 62ª ~l ;`^fei !�+#V>y !�+ �tC )�6���+2ª
ª%«2«2«2q@ILY�!L« ª¨B4!�) «WB 62ª ~l ;`^feitª�+#V>y !�+ �tC )�6���+2ª

~ì� `�U2a ª%«2«2«�A=U2G�ª�) ª¨BÕª�+BA «WBÚ«B+�6 ��INu\�9XtF�RTU}£9ª�! �´jnILZ
¤ÀE !L«%~\~\~\¦ ª%«2«2«2q@ILY,«B6¨OÚ«B+¨OÚ« A ª¨B4!�) «WB 62ª ~l ;`^fei !�+#V>y !�+ �¡`^U2a

ª%«2«2«2q@ILY,«B�¨O4!L« ª¨B4!�) «WB 62ª ~l ;`^feitª�+#V>y !�+ �¡`^U2a
~ìP0j 8*!L«/3=ª%« ª%«2«2«�A=a1GE!�)¨O4!
A ª¨B4!�) «WB 62ª ~l ;`^fei76�+#V>y !�+ y@f� =!L«/3�3 )BA
¤»qD��~l¦ ª%«2«2«�A=a1G�ª�3 ª¨BÕª�)�# «WB4!�+�+ ��INu\�'ftG1G�a�RTa1r y@f� =!L«/3 )�+�+¨OóyWf�  !L«/3�3 )BA
i;E9x3jn£�� ª%«2«2«�A=a1G�ª�6 ª¨B4!�) «WB 62ª ~l ;`^fei76�+#V>y !�+ y@f�  3 #�3�!L«
¤ÀE")�~l¦ ª%«2«2«�A=a1G�ª�3 ª¨BÕª�+BA «WBÚ«B+�6 ��INu\�'ftG1G�a�RTa1r ��jn£¨�

ª%«2«2«�A=a1G�ª�3 ª¨BÕª�+BA «WBÚ«B+�6 ��INu\�9XtF�RTU}£9ª�! y@f� =!L«B+�+%«2«
ª%«2«2«�A=a1G�ª�3 ª¨BÕª�)�# «WB4!�+�+ ��INu\�9XtF�RTU}£9ª�! ��jn£¨�

P.�¢£�U ª%«2«2«�A=U2G�ª�) ª¨BÕª�+BA «WBÚ«B+�6 ��INu\�9XtF�RTU}£9ª�! � m;HJKNO�ª�jnING�O���x�ILF@O_yWd m;HJK
¤ÀE'A#~\~\~\¦ ª%«2«2«2q@ILY,«/3@OÚ«B+ ª¨B4!�) «WB 62ª ~l ;`^fei !�+#V>y !�+ � ��£�Uª%«2«2«2q@ILY,«B�¨OÚ«B# ª¨B4!�) «WB 62ª ~l ;`^feitª�+#V>y !�+ � ��£�U
P.x�ILF ª%«2«2«�A=U2G�ª�) ª¨BÕª�+BA «WBÚ«B+�6 ��INu\�9XtF�RTU}£9ª�! ��x�ILF
¤ÀE"��~\~\~\¦ ª%«2«2«2q@ILY,«�!%OÚ«B+¨OÚ«B) ª¨B4!�) «WB 62ª ~l ;`^fei !�+#V>y !�+ ��x�ILF
P¶` m;HJK ª%«2«2«2q@ILY,«B6¨OÚ«/3 ª¨B4!�) «WB 62ª ~l ;`^fei !�+#V>y !�+ ! m;HJK
¤ÀE"��~\~\~\¦ ª%«2«2«2f¢�1K
!Nª¨O4!�6¨O4!�+ ª¨B4!�) «WB 62ª ~l ;`^fei76�+#V>y !�+ ! m;HJK

ª%«2«2«2f¢�1Kvª%« ª¨B4!�) «WB 62ª ~l ;`^feitª�+#V>y !�+ ! m;HJK
m��5y¨�2K ª%«2«2«2f¢�1K
!Nª¨O4!�6¨O4! 3@OÕª%« ª¨B4!�) «WB 62ª ~l ;`^fei76�+#V>y !�+ y@f� =!���)���3�!
¤ÀE,3%V #¨B +�~l¦ ª%«2«2«2f¢�1Kvª�6 ª¨B4!�) «WB 62ª ~l ;`^feitª�+#V>y !�+ y@f� =!���)���3�!

ª%«2«2«�A=a1G�ª�! ª¨B4!�) «WB 62ª ~l ;`^fei76�+#V>y !�+ y@f� =!���)���3�!
ª%«2«2«�A=a1G�ª�3 ª¨BÕª�3 # «WBÚ«�ª�3 ��INu\�'ftG1G�a�RTa1r ! 3�y¨�2K
ª%«2«2«�A=a1G�ª�3 ª¨BÕª�+BA «WBÚ«B+�6 ��INu\�9XtF�RTU}£9ª�! y@f� =!���)�)���!%O4y@f�  !���)���3�!

d ��£�U ª%«2«2«�A=U2G�ª�) ª¨BÕª�3 # «WBÚ«�ª�3 ��INu\�9XtF�RTU}£9ª�! ª�jnING
¤ÀE'A#~\~\~\¦ ª%«2«2«2q@ILY,«/3@OÚ«B+¨OÚ«B) ª¨B4!�) «WB 62ª ~l ;`^fei !�+#V>y !�+ ���¢£�U
m�� j0E�U !�#�#�#%q@ILY,«B+ ª¨BÕª�+BA «WBÚ«B+�6 ��INu\�9XtF�RTU}£9ª�! !*j�E9U
¤ÀE"6�µ�32~l¦ ª%«2«2«�A=U2G�ª�) ª¨BÕª�)�# «WB4!�+�+ ��INu\�'ftG1G�a�RTa1r +�3�]�ILK}O���x�ILF@O !*j0E9U

ª%«2«2«2q@ILY,«/3@OÚ«B+¨OÚ« A ª¨B4!�) «WB 62ª ~l ;`^fei !�+#V>y !�+ !*j�E9U
ª%«2«2«2q@ILY,«B�¨O4!L« ª¨B4!�) «WB 62ª ~l ;`^feitª�+#V>y !�+ !*j�E9U
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`^U%Y�RJI 6¨B j0U2RTHJY1KgU%ZlF2K0~ìG@�¥F2Kg��U%Z\HJF�G²¤�� HTG1o1HSuLU%ZlINr0U�uLU2RTHJY1KvU%ZlF2K0F2�¶RTF�G@�%V�Y�U2rlINRTHSG@I;~l ;`^feHTG=ZlILKg�|ILK\F���ILZlILK
o�U%Z\U���b@ILK\I±U2uLuLa1KgU%ZlIQo1HTU2��ILZlILKgr�U%K\IQ��F�rlZ�u�KgHJZ\HSuLU2R|¦vB

j0U2RTHJY1KgU%ZlF2K yW�_INu�ZlKvU2R f¢o@F2��ZlINo �¢G�HJ�|F2Kv�¸CtHSrl� � P�IL�|ILK\ING�u�I=¤»rv¦
itU2��I `"£¨�_I C;HTU2��ILZlILKD¤»��U2rv¦

ª�jnING E,3@B +�~\~\~ !�6¨B # �*!%B 3 �¢ILKgU2r�ILZ¢U2RÀB�¤Àª%«2«�ª�¦
! 3�y¨�2K � ª�~\~\~ ª¨B 6��*!%B � �2ILZvjkU2R��
+�3�]^ILK X ��~\~\~ !%B 3�! �;«WB4!�6 jk�tftP¢E��

��jnILZ E !%B +�~\~\~ !�!%B )��;«WB 3 jk�tftP¢E
�Qm;HJK E"6�~\~\~ !L«WB A �=!%BÚ« �¢ILKgU2r�ILZ¢U2RÀB�¤Àª%«2«�ª�¦
� �¢£�U � X ��~\~\~ 6¨B 3 �;«WB + �2ILZvjkU2R
�¢C 3CA/)�)BA � ª�~\~\~ ª¨B +�)��;«WBÚ«/3 jk�tftP¢E
�¢C )�6���+2ª � � +�~\~\~ ª¨B 6��*!%B A �2ILZvjkU2R
�D`^U2a � X )�~\~\~t¤�y�.0¦ ª¨B A �;«WB 6 jk�tftP¢E*O_jkftC�f¢P;y��
����£�U � � ª�~\~\~ 6¨B A �;«WB4! jk�tftP¢E
��x�ILF � E$ª�~\~\~ 3@B ��+��;«WBÕª�6 jk�tftP¢E
yWf�  3 #�3�!L« � � +�~>U%Y ª¨B #��;«WB + §%U2G .nINRTRJI�ILZ�U2R�B�¤2!�#�#�#�¦ �
yWf� =!L«/3�3 )BA � �Q«%m !%B A �;«WB 6 �2ILZvjkU2R
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