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The MIT Joint Program on the Science and Policy of Global Change is an organization for research,
independent policy analysis, and public education in global environmental change. It seeks to provide leadership
in understanding scientific, economic, and ecological aspects of this difficult issue, and combining them into policy
assessments that serve the needs of ongoing national and international discussions. To this end, the Program brings
together an interdisciplinary group from two established research centers at MIT: the Center for Global Change
Science (CGCS) and the Center for Energy and Environmental Policy Research (CEEPR). These two centers
bridge many key areas of the needed intellectual work, and additional essential areas are covered by other MIT
departments, by collaboration with the Ecosystems Center of the Marine Biology Laboratory (MBL) at Woods Hole,
and by short- and long-term visitors to the Program. The Program involves sponsorship and active participation by
industry, government, and non-profit organizations.

To inform processes of policy development and implementation, climate change research needs to focus on
improving the prediction of those variables that are most relevant to economic, social, and environmental effects.
In turn, the greenhouse gas and atmospheric aerosol assumptions underlying climate analysis need to be related to
the economic, technological, and political forces that drive emissions, and to the results of international agreements
and mitigation. Further, assessments of possible societal and ecosystem impacts, and analysis of mitigation
strategies, need to be based on realistic evaluation of the uncertainties of climate science.

This report is one of a series intended to communicate research results and improve public understanding of climate
issues, thereby contributing to informed debate about the climate issue, the uncertainties, and the economic and
social implications of policy alternatives. Titles in the Report Series to date are listed on the inside back cover.
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 at equilibrium− in units of the initial value

∆ F
3
/ ∆ F

1
=      0    0.1    0.2   0.3   0.4

Initial equilibrium position 

� ø��lú��"ñ c j L øÑóXú��Çþ±÷Rô"øÎò¾ðÝûOøÃ÷����"÷lö òRó4ó~�Çñ�ù"õ#�g÷Rô´ñ��e�Zú��-óXò��"þ�øÎð��lù
A c£ç è{;À:A;�é�9�H�FG; @Iê,`7ë�;íì >£îÒ;ÅïÕð�@�DIH%ïI9�=7ñ FG@�H%ïy>¸`Z>A@�H%H� ðfò��ÇûZñ)��ô´òÒñ���:ZÿÎò��"ñ�ô´õZñU�"ñ�ÿÑñ��R÷lðZþ�ñgòlóOô´õZñ�öEø��Oñ�û L �.óXò��Àô"õZñgùAô�÷��ZøÑÿÎø­ô¸üIòlóZô"õZñg���
� :Ì÷Rô"ô"ñ)�ÇðÐ÷��¢÷løÑðZùÇô
ó~�"ñ�ù"õ#�g÷Rô´ñ��B�Ìú%��:�ñ��Çô´ú��d�Ì÷Rô"øÎò¾ðOùa�J��z�ø�:$ñ)�"öE÷lðÖñ�ôE÷lÿ53 ä! � �N�$ <�÷�+q÷löfú��"÷Ëñ�ôE÷lÿ43 ä! � �N�$u. ÷RõZöEùAô´ò��Aó"�1�1�1 6 $ �gñ�õÌ÷��¾ñ*þ�òlðZù"øÑûZñ)�Çñ�ûE÷lÿÎùÇòy÷yùÇñ�þ�ò¾ðZûY�¾ñ)�Çù"øÑò¾ðEòRó�ô"õZñ5öEò�ûZñ�ÿ��*õZñ)�Çñ��gñ��"ñ�:ZÿÃ÷Rþ�ñÔô´õOñ�ñx��:��"ñ�ù"ù"øÑò¾ð
òlóÀô´õZñIõOñ±÷Rô��Ìú%�-øÎðÝô"õZñ���ò���Ë�ûZñ�mÌðZñ�û�÷lù ÿ ����­ × Ì[­~�U�*øÑô"õ-÷fó~�"ñ�ñ�:Ì÷2�´÷lö½ñ�ô"ñ)� Î ­ $ ô´õwúZùe�"ñ±÷RÿÎø�z�øÎð���÷�Ìú�� L �ãö½òuûOñ�ÿ43
�gõZò�ò¾ù"øÑð��Eô"õZñV�R÷lÿÑúZñ~òRó�ô´õZñ~øÎðZø­ô´øÃ÷Rÿ Î ­�ñ)wwúÌ÷lÿÀô´ò½ô´õZñV�R÷lÿÑúZñ òló ÿ �
��­ × Ì[­~�*òló�ô´õOñ:��Çñ���øÎò¾úOùA�¾ñ��"ùÇøÎò¾ð!òRómô´õZñ~öEò�ûZñ�ÿ4÷qôÒñ�w�úOøÎÿÎøC���"øÑúZö $ �gñ~ò��Oô´÷løÎð-ô´õZñ~ù´÷lö½ñ�ñ�wwúZøÎÿÑø����ÇøÎúZöCù"ò¾ÿÑúOô´øÑò¾ð�3M�.ñ
ô´õOñ�ð�:�ñ��Çô"ú��d�7ô´õOøÎù�ñ�w�úOøÎÿÎøC���"øÑúZö ù"òlÿÎúOô"øÎò¾ðW�*ø­ô´õ!ó~�Çñ�ù"õ#�g÷Rô´ñ��7�Ìú��!óXò��"þ�øÑð��,÷lùIøÑð�ô´õOñ8:��"ñ��uøÑò¾úZùIþ�÷lù"ñ $
÷lðZû=�*ø­ô´õfñx��:ZÿÎøÑþ�øÑô�õZñ±÷qô{�Ìú���óXò��"þ�øÎð���3¦'uøÑðZþ�ñgô"õZñÔõZñ�÷Rô{�Ìú%� Î ­ÌûZò�ñ�ùmðOòlô�ûZñ�:�ñ�ðZû
ò¾ð=Ì/­ $ ô´õOñ�:�ò¾ùÇøÑô"øC�¾ñ
óXñ�ñ�û��Ì÷lþ,+a� ä ó���ûZñ�ùÇþ)�Çø��$ñ�ûE÷Rô�ô´õZñ��$ñ)�løÎðZðZøÑð��Iòló?ô´õOñ�ùÇñ�þ�ô´øÎòlð½øÑù�ò�( $ ô´õZñ��"ñ�óXò��"ñ���ñ�ñx��:�ñ�þ�ô�ô´õZøÑù¦�¾ñ��"ù"øÑò¾ð
òló�ô´õZñ�ùÇü�ùÇô"ñ�ödô´ò\��ñ�öEò��"ñ*ùÇô´÷��ZÿÎñ5ô"õÌ÷lðEô"õZñe:��"ñ��uøÑò¾úZù�ò¾ðZñ23 . ñ�:�ñ�÷Rô´øÑð�� ô"õZñ�÷lðÌ÷lÿ­üuùÇøÎù�òló^ùÇô�÷2�ZøÎÿÑøÑô¸ü�ô"ò
ó~�"ñ�ù"õ#�g÷Rô´ñ��U�Ìú��8:�ñ��Çô´ú��d�Ì÷Rô"øÎò¾ðOù�óXò��mô´õZñ��Ìú�� L ��öEò�ûZñ�ÿ $ ø­ô�øÎù�øÎðZûOñ�ñ�û½þ�òlð�m��"ö½ñ�û
ô´õZ÷Rô�ô´ñ�öB:$ñ)�´÷qô´ú��Çñ�"ñ�ùÇô"ò��"øÑð��Ëþ�ò¾ðZûOøÑô´øÑò¾ðZùÐûZñ�þ)�Çñ±÷lùÇñ�ô´õOñ�ùAô�÷��OøÎÿÎø­ô¸ü òRó�ô"õZñ�ö½ò�ûZñ�ÿ $ øÎðÖ÷����Çñ�ñ�ö½ñ�ð¢ôB�*øÑô"õ�ô"õZñ}�"ñ�ù"úZÿ­ô´ù
òló����z�ø�:$ñ)�Çö/÷Rð�ñ�ô�÷lÿ43 ä� � �N�$ <Ò÷2+R÷Röfú��´÷Ðñ�ôÒ÷Rÿ43 ä! � �N�$�. ÷RõZöEùAô´ò��Aó "21�1�1 653 � ø��¾ú��Çñ - ù"õZò!�*ùfô"õZñ��"÷Rô´øÑò�$ñ�ôE��ñ�ñ�ð�ô´õZñ9�R÷lÿÑúZñ�ù5òRóÀô"õZñIþ)�ÇøÑô"øÎþ±÷Rÿ/�R÷lÿÎúOñ�ùÔòlóS8 Ï ¯U:��Çñ�ù"ñ�ð¢ô´ñ�û�øÎð�m��lú��"ñ N ÷lðZû,ô"õZñIþ�ò��s�"ñ�ùd:$ò¾ðZûZøÑð���R÷lÿÎúOñ�ù5ò��Oô´÷løÎðOñ�û��*øÑô"õ-ô"õZñ7�Ìú�� L �ýö½òuûOñ�ÿ434ô´õZñ ÷��¾ñ��´÷��¾ñ7�R÷lÿÑúZñIòlóÀô´õZøÑù��´÷Rô"øÎòfò!�¾ñ��Ò÷RÿÎÿ�ô"õZñyûZò¾öE÷løÎð
øÎù ² 1�³�* 3mï7�Où"ñ)�t��øÎð��_m��¾ú��Çñ - óXò��mô"õZñ�8 Ï ± ¢ 8 Ï ¯¦�l÷RÿÎúZñ�ù
� 1�³�* Ú 1�³lN 6 $ �gñ�ù"ñ�ñ�ô"õÌ÷Rô�ô´õOñe�"÷Rô´øÑò��¾òuñ�ù�ô´ò 1�*øÑô"õ,øÎðZþ��"ñ�÷lù"øÑð���1 ¶ 3`�5õZøÑùÔò�þ�þ�ú��"ù��$ñ�þ±÷RúZù"ñ�óXò���ô´õZñ�ù"ñ7�R÷lÿÎúOñ�ù�ô"õZñ�ô´õ��"ñ�ùÇõZò¾ÿÑû,øÎð/ô"õZñ9�´÷qô´ñ�òló�øÑðZþ)�Çñ±÷lùÇñ
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 at equilibrium− in units of the initial equilibrium value

Mixed BC’s − ∆F
3
/∆F

1
=        0       0.1          0.2         0.3        0.4

Flux BC’s − ∆F
3
/∆F

1
=         0       0.1           0.2 

Initial equilbrium state

� øC�¾ú��"ñ K j L ø­óXú��"þ�÷Rô´øÑò¾ðÝûZøÎ÷����´÷Rö òRóÀó~�Çñ�ùÇõZ�g÷Rô"ñ)���Ìú��/óXò��"þ�øÎð��¾ùuh & ø^�uñ�û �~�ZÿÎúOñ�ÿÎøÑðZñ�ùn��÷lðZû � ÿÑú��T�
�"ñ�û
ÿÎøÑðZñ�ùn� L �
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� øC�¾ú��"ñ  jP6{�¾ò¾ÿÑúOô´øÑò¾ðËòló�ô"õZñY���9� ùÇôn�Çñ�ð��Rô´õ(úZðZûZñ��~÷,ùÇú�:�ñ��thÒ÷lðZû(ù"ú���h¸þ��"øÑô"øÎþ�÷lÿ4óXò��Çþ�øÑð��Ýô´ò,ô�÷2�d�¾ñ�ô
ô´ñ�öD:$ñ)�"÷Rô´ú��"ñ�ù
øÎùA:��"ñ�ù"ñ�ðwôyòlðZÿÑü-øÑð�ô´õZñ_�Ìú�� L �xöEò�ûZñ�ÿ $ ô´õZñ��"ñ�óXò��"ñføÑð�ô´õOøÎùÒö½ò�ûZñ�ÿGóXò���ÿÃ÷��s�¾ñ$1 ¶ ô"õZñVwwúÌ÷Rðwô"øÑô¸ü�8 Ï ¯ûZø^�¾ñ)�s�¾ñ�ù $ �*õZøÎÿÑñ�øÎð,ô´õOñ ö½ø^�uñ�û L �bö½òuûZñ�ÿ�øÑô*øÑùMmÌðZø­ô´ñ�3�5õZñ�ù"ñT�"ñ�ù"úZÿ­ô´ù,÷2���"ñ�ñ	�*øÑô"õÉ�*õÌ÷Rô/þ±÷lðq�$ñ�þ�ò¾ðZþ�ÿÎúZûZñ�ûVó~�"ò¾ö ô"õZñ�þ�ò¾öD:Z÷��"øÑù"ò¾ðàòlóIô´õZñW�ZøÑóXú��Çþ±÷Rô"øÎò¾ð
ûZøÎ÷����´÷RöEù�:��Çñ�ù"ñ�ð¢ô´ñ�û(øÎðam��¾ú��Çñ K 3 � ô�øÎùÒ÷�:�:Ì÷2�"ñ�ð¢ô�ô"õÌ÷Rô�ô´õZñ~öEø��Oñ�û L �xö½òuûZñ�ÿ�øÎùÒÿÑñ�ùÇùÒùÇô´÷��ZÿÑñ\�*øÑô"õ�"ñ�ùd:$ñ�þ�ô~ô"ò�ó~�Çñ�ù"õ#�g÷Rô´ñ��\�Ìú%��:�ñ��Çô"ú��d�Ì÷qô´øÎòlðZù)3K6¦�Oþ�ÿÎúZûOøÎð��-ô´õZñÐô"ñ�öB:�ñ��´÷Rô"ú��"ñÐóXñ�ñ�û��Ì÷lþ,+Ëö½ñ�þ�õÌ÷RðZøÎùÇö $
ðZò\�ZøÑóXú��Çþ±÷Rô"øÎò¾ðOù�÷2�"ñe:��"ñ�ù"ñ�ð¢ô�óXò��!8 Ï ± ¢ 8 Ï ¯ ¤ � 1�³ * Ú 1�³lN 6 $ �*õZøÑÿÎñ5óXò���ñ±÷lþ�õ/òló^ô"õZñÒþ�÷lù"ñ�ù<8 Ï ± ¢ 8 Ï ¯ ¤� 1 Ú 1�³­ä Ú 1�³ " 6Ìô"õZñA�OøÑóXú��Çþ±÷Rô"øÎò¾ðY:$ò¾øÎð¢ô�øÎù�öfúZþ�õ/óv÷2�Çô´õOñ)��ô´õÌ÷lðEøÎð
ô´õZñ�ö½ø^�uñ�û L �àö½òuûZñ�ÿÌó~�"ò¾öÓô"õZñ
:$ò¾øÑðwô� ä Ú ä � $ �*õZøÎþ�õ�ûZñ�ùÇþ)�Çø��$ñ�ù*ô´õZñyúZð�:$ñ)�Aô´ú��s��ñ�û�ùAü�ùÇô´ñ�ö	3
ò óH�
ø~èô+(ì.- û¾ê½é�í�î�ç0/
�.ñ,ñ���:ZÿÎò��"ñÝô´õOñ�ùAô�÷��OøÎÿÎø­ô¸ü(òló�ô"õZñ,ðZò��Aô´õZñ��"ð�ù"øÑð�+wøÎð��7ñ�wwúZøÎÿÑø����ÇøÎúZö ÷��¢÷RøÎðZùAô8:�ñ��Çô"ú��d�Ì÷qô´øÎòlðZùfô´ò7ô´õOñ
øÎðOøÑô´øÎ÷lÿ�õZñ±÷qô_�Zú��uñ�ùyñ���:��Çñ�ù"ùÇñ�û&÷Rù þ�õZ÷lð��¾ñ�ù øÑð7ô´õZñfô´÷��d�¾ñ�ôIô´ñ�öD:$ñ)�"÷Rô´ú��Çñ�ùIøÑðËô"õZñfô´õ��"ñ�ñY�$ò��Oñ�ù)38�.ñ
ûZò�ðZòlô øÎöB:�òlù"ñ½÷�þ�ò¾ðZùAôn�´÷RøÎð¢ô\m��OøÑð��-ô´õZñE÷��¾ñ)�"÷��¾ñ½ô�÷��s�¾ñ�ôyô´ñ�öD:$ñ)�"÷Rô´ú��"ñ¯��� $ ù"ò�ô´õÌ÷Rô~øÎðËô´õOøÎùyþ±÷lùÇñ
ðZòlô�ôE��ò��ZúOô�ô´õ��"ñ�ñ_:Ì÷��"÷lö½ñ�ô´ñ��"ùk�/¯ $ � µ $ ��±Òþ±÷RðW�$ñ~þ�õÌ÷Rð��¾ñ�ûv3 � ôÒøÑùe:$ò¾ùÇù"ø��OÿÎñIô´òB�"ñ�þ±÷lùAôÒô´õOñ~ùAüuùAô´ñ�öñ)wwúÌ÷qô´øÎòlðZù ä × c ��'�þ�òlôÇô�ñ�ô�÷lÿ43 ä� � � 6*ùÇò.ô"õÌ÷Rô
ô´õZñ�õZñ�÷RôEóXò��"þ�øÑð��ËøÎù
ûZñ�ù"þ)�Çø��$ñ�ûàþ�ò¾öB:ZÿÎñ�ô´ñ�ÿÑü��¢ü�ô´õOñþ�õÌ÷lð��¾ñ�ùIøÑð.��õ ¤ �/¯ × � µ ÷lðZû7øÎð���ö ¤ ��± × � µ 3
�5õZñ��"ñ�óXò��"ñ=��ñfù"ñ�ô%� µ ¤ � µ � 1 ��÷RôI÷lÿÑÿGô´øÎö½ñ�ù $ ùÇò

ä!c



ô´õZ÷RôË� 2¯ ¤ � 2õ ÷RðZû�� 2± ¤ � 2ö 3{�.ñ~÷2:�:ZÿÑü/ô´õZñIóXò¾ÿÑÿÎò!�*øÎð��~óXò��"þ�øÎð��¾ù�j
��­�®/¯E° ±o�
1s� ¤ Ö ��­�®/¯E° ±o� 1 �ÙØ=� 2­Ã®/¯E° ± ´ 1xÚ 154 1 4 1 ¶

��­�®/¯E° ±o� 1 ��Ø=� 2 ­�®/¯E° ± ´ 1 ¶ 1 î 1 ¶ � äS- �
�.ñ(þ�õZ÷��´÷lþ�ô´ñ��"ø�z�ñ.ñ�÷lþ�õ óXò��"þ�øÑð��&ñ���:$ñ)�ÇøÎö½ñ�ð¢ô $ �*õOøÎþ�õãÿÑñ±÷lûOùÝô´òà÷pmZðÌ÷lÿIùÇô´÷Rô´ñËô´õZ÷Rô-øÎù-þ�õÌ÷��"÷lþ�ô"ñ)�yh
ø�z�ñ�ûT�¢ü7÷ÝðOò��Çô"õZñ)�Çð(ò��I÷/ù"òlúOô´õZñ��"ð(ù"øÑð�+wøÎð��Ýñ�wwúZøÎÿÑø����ÇøÎúZö $ úZù"øÑð��Ýô´õZñ8:Z÷��´÷lö½ñ�ô"ñ)��ù"ñ�ô ä ûOñ�mÌðZñ�û ÷Rù� 1 ¶ Ú98J�)± ¢ 8J�S¯xÚ98J�S¯y6�÷lðOûEô´õOñ
:Ì÷��"÷lö½ñ�ô´ñ���ùÇñ�ô " ûZñ�mÌðZñ�û-÷Rù7� 1 ¶ Ú98J�)± ¢ 85�S¯�ÚY� 2 ¯ 64X�þ�ò¾ðOù"øÎùAô´ñ�ðwô"ÿÑüY�*øÑô"õ/ô´õOñ:��Çñ���øÎò¾úOùIþ±÷lùÇñ=�gñ
ûZñ�mÌðZñ¯8J��­?;�� 2­ ´ 1 ¶ $ ô´õÌ÷Rô�øÎùÒô"õZñfô´òlô´÷lÿ�þ�õZ÷lð��¾ñÐòló�ô"õZñfô�÷��s�¾ñ�ôÒô´ñ�öB:$ñ)�´÷qô´ú��Çñfòlóô´õOñD�$ò�� Ës3 � ð ò��ÇûZñ)�yô´ò�øÎö½øÑô´÷Rô´ñ=�lÿÎò��Ì÷Rÿ{�Ô÷��ÇöEøÑð��-ù"þ�ñ�ðÌ÷��ÇøÎò¾ù_�*õZñ)�Çñ�:$ò¾ÿÃ÷2�y÷löD:OÿÎøCmZþ±÷Rô"øÎò¾ð7ò�þ�þ�ú��"ù $��ñ,þ�ò¾ðZùÇøÎûZñ��58J��­ Û 1 $ Ë ¤ ä Ú * 3W�.ñÝò��ZùÇñ)�t�¾ñ,ô´õÌ÷qôføÑó�8J��± î 8J�o¯ $ ðOò!ûZñ�ùAô�÷��OøÎÿÎøCz±÷Rô"øÎò¾ð(òló*ô´õOñ���9�Óþ�÷lð ò�þ�þ�ú�� $ ��ñ�þ±÷lúOù"ñ/ùÇúZþ�õ�÷�óXò��"þ�øÑð��}�"ñ�øÎðOóXò��Çþ�ñ�ù~ô´õOñD���
�
3��5õZñEùd:$ñ�þ�øCmÌñ�û óXò��"þ�øÎð��lùyôd�"øC���¾ñ)�
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� ø��¾ú��"ñ ä¾ä ju�g�ÇøÑô"øÎþ±÷Rÿ/�R÷lÿÎúOñ�ù5òlóÀô´õZñ��"÷Rô´ñyòló4øÎðZþ��"ñ�÷lù"ñyòlóÀô´õZñIô´÷��d�¾ñ�ô5ô´ñ�öD:$ñ)�"÷Rô´ú��Çñ�ù
� ø��lú��"ñ�ù ä�1 ÷lðOû ä¾ä :��Çñ�ùÇñ�ð¢ô $ úOù"øÎð��	�Çñ�ùd:$ñ�þ�ô´ø^�¾ñ�ÿ­ü7ô´õZñY:Ì÷2�´÷lö½ñ�ô"ñ)�yù"ñ�ô´ù_:��"ñ��uøÑò¾úZùÇÿÑüËûZñ�ù"ø��lðÌ÷Rô´ñ�û�*øÑô"õ ä ÷lðZû "�$ ô´õOñ�öE÷lðZø­óXò¾ÿÎû~òló$ô´õZñ5þ��"øÑô"øÎþ�÷lÿuóXò��Çþ�øÑð��¾ù)3 � ð8m��¾ú��Çñ ä�1 �gñ*þ±÷Rð½ò��Zù"ñ��s�¾ñ*ô´õZ÷Rô�óXò���÷lÿÑÿuô´õOñ�R÷lÿÎúOñ�ù5òlóp8J�)± ¢ 85�S¯�ô´õZñ��"ñyøÎùÔ÷
ùAô´ñ�ñ):a:�ò��Aô´øÑò¾ðÝòló�ô´õOñIö/÷lðOøÑóXò¾ÿÑûT�vþ�ò��d�Çñ�ùs:�ò¾ðOûZøÎð��Ðô"ò
÷�ô´øÎö½ñ�ùÇþ±÷lÿÑñ�òló² "�b�1$� ��ûZø^�uøÑûZøÎð�� ôE��òV�?÷Rôg�"ñ��¾øÎò¾ðOù�ûZñ�ù"þ��"ø��OøÎð�� ô´õZñON�¾oÇ�Èg÷lðOûaÇ�½�¼MLq�"ñ��¾øÎö½ñ�ù�3 � ð/ô"õZñ�óv÷lùAôM�Çñ)�¾øÑò¾ð $ ÷

ù"öE÷lÿÑÿÎñ)�Àô´òlô´÷lÿOøÑðZþ)�Çñ±÷lùÇñk8J�o¯4øÎù¦�"ñ)wwúZøC�"ñ�û
ô"ò ÷lþ�õZøÎñ��¾ñÔô"õZñ��"ñ��¾ñ)�Çù´÷lÿ?òló?ô"õZñ����9�
3 � ò���85��± ¢ 8J�S¯ ¤¥1�³  �$�*õZøÑþ�õp�"ñ):��"ñ�ùÇñ�ð¢ô´ùÐô"õZñÝþ±÷Rù"ñ,òló*õZøC�¾õZÿ­üËùÇü�öEö½ñ�ôd�"øÑþ±÷lÿ�óXò��"þ�øÎð��lù $ ô"õZñÝþ)�ÇøÑô"øÎþ±÷Rÿ!8J�S¯ ñ�ù"ùÇñ�ð¢ô´øÎ÷lÿÎÿ­ü(ûZòuñ�ù
ðZòlô~ûZñ�:�ñ�ðZû&ò¾ð�1 ¶ 3}�5õZñ/÷��ZùÇñ�ðZþ�ñÝòlóÔô"õ��"ñ�ù"õZò¾ÿÑûZù�øÑð�� 2 ¯ øÎð(ô´õZñEþ±÷lùÇñ/òló5ö½ò��Çñ½ùAü�öEö½ñ�ôd�"øÎþ
óXò��Çþ�øÎð���vÿÎ÷��d�lñP85��± ¢ 8J�S¯d�5øÑù5þ�ÿÑñ±÷��*øÎð�m��lú��"ñ ä¾ä j�ðZòY�?÷Rôe�"ñ��¾øÎòlðZù $ ÿÑø�+lñ�ô"õZò¾ùÇñ~ñ�ðZþ�ò¾úOðwô"ñ)�Çñ�û!øÑð}m��¾ú��"ñ b�$ þ�÷lð�$ñ
óXòlúZðZû�3D�5õZñEöE÷løÑðP�Çñ±÷lùÇò¾ð.óXò���ô´õZøÑù_:��"ò�:$ñ)�Aô¸üËòlógô"õZñEùAü�ùÇô´ñ�ö	� ùV�Çñ�ùs:�ò¾ðOù"ñ
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Initial equilibrium state 

� ø��¾ú��"ñ äS" j L øÑóXú��Çþ±÷Rô"øÎò¾ðÝûOøÃ÷����"÷lö òRó4ô"õZñIô�÷��s�¾ñ�ô5ô"ñ�öB:�ñ��´÷Rô"ú��"ñIóXò��Çþ�øÎð��¾ù
� óÔô"õZñEøÑðZþ)�Çñ±÷lùÇñEøÑð��S¯IøÑùyù"ÿÎò!�Ûñ�ðZò¾ú��lõ $ ô"õZñEðOñ)�¢÷Rô"øC�lñ½óXñ�ñ�û��Ì÷Rþ,+�ù�ö/÷�+Rñ½ô"õZñ½ûZñ�ùAô�÷��ZøÑÿÎøCz±÷Rô"øÎò¾ð7ö½ò��"ñ
ûZø^åEþ�úZÿÑô $ �ZúOô�ûZò
ðZòRôA:��"ñ��lñ�ð¢ô�øÑô�3
÷ czø ùÖ>�ê�D�=ÌFG9�`Z>A@�H%H� ò��Iô´õZøÑù~þ�ÿÃ÷lùÇù�òlógóXò��"þ�øÎð��¾ù $ ô"õZñÝ÷Rþ�õZøÎñ��¾ñ�ö½ñ�ð¢ô�òlóÔô´õOñ/þ�òlÿÎÿÃ÷2:Zù"ñ
òlóÔô"õZñ����
�ÓøÎù ðZòlô\�"ñ�ùÇôn�ÇøÎþ�ô´ñ�û �wü
÷lð¢üËô´õ��Çñ�ùÇõZò¾ÿÎû.ò¾ð.ô"õZñ��"÷Rô´ñ½òlógøÎðZþ��"ñ±÷Rù"ñ $ ô´õZñ��"ñ�óXò��"ñY�gñÝñx��:�ñ�þ�ô�ô"õZñ�:��"ñ�ùÇñ�ðZþ�ñÝòló��OøÑóXú��Çþ±÷Rô"øÎò¾ðZù�óXò��
ñ��lñ)�Aü��´÷qô´øÎò~òlóm8J�)± ¢ 8J�S¯ Ü ä 3¦�.ñ9:��"ñ�ù"ñ�ðwô*øÑð � øC�¾ú��"ñ äS" ò¾ðOÿÑü
ô´õZñ
���´÷�:OõZùg�Çñ�ÿÃ÷qô´øC�lñ�ô"ò58J�)± ¢ 8J�S¯ ¤� 1 Ú 1�³ " Ú 1�³ b Ú 1�³ c Ú 1�³ K 6�óXò���ù´÷�+Rñ�òló�ù"øÑöD:OÿÎøÎþ�øÑô¸ü[X�ô´õZñ-òlô"õZñ)�Ðþ�ú��s�lñ�ù
ô´õÌ÷qô
þ±÷lð���ñ,ò��Oô�÷løÑðZñ�û&óXò��ÐòRô´õZñ���R÷lÿÎúOñ�ùÐòló 1}4 8J��± ¢ 85�S¯ Ü ä ÷��Çñ,ðZòlôYwwúÌ÷lÿÑøÑô´÷Rô´ø^�¾ñ�ÿ­ü(ûZøC(�ñ)�Çñ�ð¢ô�3��5õOñ�øÑðZøÑô"øÃ÷lÿ�ùAô�÷Rô"ñ�øÑù�ô´õOña:$ò¾øÑðwô� 1 Ú ä ��3Õ�5õZñ�ùÇú���þ��"ø­ô´øÎþ�÷lÿ���ò�:Oó��ZøÑóXú��"þ±÷qô´øÎòlð7:�ò¾øÑð¢ô´ù�÷��Çñ`�"ñ�ùs:�ñ�þ�ô"øC�¾ñ�ÿÑüB� ² b�$ ² 1�³ - � $ � ² c�$ ² 1�³æ- ��� ²  �$² 1�³æ- �)� ² ä!*�$ ² 1�³ - ��÷lðZûÑ� ² äS- Ú ² 1�³æb � $ �*õZøÑþ�õ.ö½ñ±÷lðOù�ô´õÌ÷RôÒô´õZñY�Zø­óXú��"þ�÷Rô´øÑò¾ð!ò�þ�þ�ú��"ù7�*õZñ�ðËô´õOñ���9� õÌ÷lù ÷lÿ��Çñ±÷lûuü!ûZñ�þ�ÿÎøÑðZñ�û(ûZò!�*ðËô´ò ² ä!1a©�� 3Y�5õZñY�ZøÑùÇô´÷��ZÿÎñ8�Çñ)�¾øÑò¾ðËøÎùIñx�uôd�"ñ�öEñ�ÿÑü7ÿÎ÷��d�¾ñÐøÑð(÷lÿÎÿ
þ±÷Rù"ñ�ù $ �$ñ�þ±÷RúZù"ñ-ô´õZñ:ú{òRó�ô"õZñ}�ZøÑóXú��Çþ±÷Rô"øÎò¾ðã:$ò¾øÎð¢ô"ùÐøÎð&ô´õZñ�ÿÎò!��ñ)�Y:Ì÷��Aô
òlóÒô"õZñ-þ�øC�"þ�úOøÑô´ù
÷2�"ñ}��ñ�ÿÎò!�× b�1�§ é X�ô´õOñ�üá��ñ�þ�ò¾ö½ñ7óv÷��Çô"õZñ)��÷lðZûbóv÷��Çô"õZñ)�,óXò��Çö ô´õZñ(øÎðOøÑô´øÎ÷lÿ�ñ)wwúZøÎÿÑø����ÇøÎúZö �R÷lÿÎúZñ(÷lù.8J�)± ¢ 85�S¯
øÎðOþ)�"ñ�÷lù"ñ�ù)3U�5õZøÎù*ö½ñ±÷lðZù5ô"õÌ÷Rô�ò¾ðZþ�ñ ô"õZñyþ�ø��Çþ�úZÿÎ÷Rô´øÑò¾ð,õÌ÷lùe�"ñ��¾ñ��"ù"ñ�û $ ô´õZñ ðZñ��*ÿ­ü,ñ�ùAô�÷��OÿÎøÎùÇõZñ�û	:Ì÷RôÇô´ñ)�Çð
øÎù�ñx��ôn�"ñ�öEñ�ÿÑüÐùAô�÷��OÿÎñ*÷lðZû½þ±÷RðEõÌ÷2�"ûZÿ­ü=�$ñ�þ�õZ÷lð��¾ñ�ûÝ÷��¢÷RøÎð�3��4ò ò¾ú��`+wðZò!�*ÿÑñ�û��¾ñ $ ô"õZøÎù�øÑùmô´õZñ�m��ÇùÇô�ô´øÑöEñ
ù"úOþ�õ!÷lð�÷lðÌ÷lÿ­ü�ù"øÎùgòló{�Zø­óXú��"þ�÷Rô´øÑò¾ð/óXò��Ôô"õZøÎù*þ�ÿÃ÷lùÇù5òló4óXò��"þ�øÑð��
øÎù�:��Çñ�ùÇñ�ð¢ô´ñ�û!øÎð,ô´õOñ ÿÑøÑô"ñ)�´÷qô´ú��Çñ�3

ä! 



û ü ê½ç7íe�±ìT mî�ê½çT 
� ð{ô´õZøÑù�:Ì÷�:$ñ)����ñËõÌ÷��¾ñ(÷lþ�þ�ò¾öB:ZÿÎøÑù"õZñ�ûý÷ ô´õZò��"ò¾ú��lõý÷lðÌ÷lÿ­üuùÇøÎùÝòRó~ô"õZñ7ùÇô´÷��ZøÎÿÑøÑô¸üÖòlóyô´õOñT���9�3÷Rù
ûZñ�ù"þ)�Çø��$ñ�ûa�¢ü,ô´õZñ . òuòlô"õ-öEò�ûZñ�ÿ53� ñ~ù"øÑöfúZÿÃ÷qô´ñyô´õZñ\�´÷lûZøÎ÷Rô´ø^�¾ñyóXò��"þ�øÎð��B�¢ü!÷2:�:ZÿÑü�øÑð��½ô"ò/ô´õOñ�ñ)wwúZøÑÿÎøC���"øÑúZö ùÇô´÷Rô´ñ\:�ñ��Çô"ú��d�Ì÷qô´øÎòlðZù�ô"ò
ô´õOñ�ö½ò¾øÑùÇô´ú��"ñ*÷lðZûEõZñ±÷qôu�Zú��uñ�ù�øÎð¢ô´òyô´õZñ5ô"õ��"ñ�ñA�$ò��Oñ�ù)3º��ø��¾õY�´÷qô´ñ�ù�òló^øÎðZþ��"ñ�÷lù"ñ*øÎð
ô´õOñ�ö½ò¾øÑùÇô´ú��"ñM�Ìú��
øÎð¢ô"ò ô"õZñ�ðOò��Çô"õZñ)�Çð/õZøC�¾õ�h¸ÿÎ÷Rô´ø­ô´úZûOñM��ò��½ÿÑñ±÷lû
ô´ò~÷\���
�Ñ���"ñ�÷�+wûZò!�*ð-÷Rô�ù"öE÷lÿÎÿÑñ)�¦mZðÌ÷lÿ?øÎðZþ��"ñ�÷lù"ñ�ù�ô´õZ÷lð
ÿÎò!�r�"÷Rô´ñ�ù $ �*õZøÎÿÑñ ô"õZñ=:��Çñ�ù"ñ�ðZþ�ñÐòRó�öEòløÎùÇô"ú��"ñ��Ìú���øÑðZþ)�Çñ±÷lùÇñ�ù�øÑðwô"òEô"õZñfù"òlúOô´õZñ��"ð!õOø��¾õ�hØÿÃ÷Rô"øÑô"úZûZñ���ò��
ùÇôd�"ò¾ð��¾ÿÑü,øÑðZõZøC�ZøÑôÔô"õZñ����"ñ�÷�+wûZò!�*ð�3�'uøÑöEøÑÿÃ÷��ÇÿÑü $ óv÷lùAô�õZñ±÷Rô��Ìú%��øÎðZþ��"ñ±÷Rù"ñ�ù�øÎð-ô´õOñV<�ò��Çô"õW��ñ�ö½øÎùd:OõZñ)�Çñ
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|º�Çò����"÷lö ò¾ð�ô´õOñY'uþ�øÑñ�ðZþ�ñÐ÷lðZû?|4ò¾ÿÑøÎþ�ü�òlóU�IÿÎò��Ì÷lÿ�gõÌ÷lð��¾ñ	�Ýþ�|u'�|u�\���x3 � øÎðZ÷lðZþ�øÎ÷lÿÀù"ú�:�:$ò��AôyûZòuñ�ùyðZòlôyþ�òlðZùÇô"øÑô´úuô´ñ
÷lðËñ�ðOûZò��"ùÇñ�ö½ñ�ð¢ô_�¢ü�]yï36 $ >e�\' $
ò���þ�|u'�|u�_� òlóÀô´õZñ7��øÎñ��*ù�ñx��:��"ñ�ù"ù"ñ�û7øÎðÝô"õZøÎù�÷��Aô´øÎþ�ÿÎñ23

"uä



ÿ �9û���éº��ç7íe�7 
� L ÷lúZöB�¢÷��Aô´ðZñ��*÷lðZû . ñ�øÎþ�õZñ�ÿ ä! #-�b 6 L ÷lúZöB�¢÷��Çô"ðZñ)�v>V3 $ ÷RðZû$6�3 . ñ�øÑþ�õZñ�ÿ $ �5õZñ`� ò��"ÿÎû9� ÷Rô"ñ)� L ÷lÿÎ÷lðZþ�ñ�@6�ÿÑù"ñ���øÑñ)� $ <�ñ�����ò��d+ $Gä! #-�b �� L ò�üuÿÑñ ÷lðZûafIñ�ø��2�*øÎð ä! �K#- 6 L ò�üuÿÑñP6�3�>V3 $ ÷lðZû	Iº30fIñ�ø����*øÑð $ <�ò��Çô"õ	>Ôô"ÿÃ÷lð¢ô´øÑþ�ô´õZñ��"ö½ò¾õÌ÷lÿÑøÎðZñÒþ�ø��Çþ�ú�h

ÿÃ÷qô´øÎòlð½ûOú��"øÑð�� ô"õZñe:Ì÷lùÇô "�1�1�1�1 ülñ±÷��ÇùÔÿÎøÑð�+lñ�û½ô"ò�õZøC�¾õ�hØÿÃ÷Rô"øÑô´úOûZñÔù"ú��Çóv÷lþ�ñ�ô´ñ�öD:$ñ)�"÷Rô´ú��"ñ $ <Ò÷qô´ú��Çñ*�*�1�$�*#b h N#1 � ä! �K#- �� L �"ñ�ô´õZñ��Çô´òlð ä! �K#" 6 L �Çñ�ô´õOñ)�Çô"ò¾ð � 3/|�3 $ ï�þ�ñ±÷Rð7þ�ÿÎøÑö/÷qô´ñ öEò�ûZñ�ÿÑøÎð�� $ |`�Çò����)3�ï�þ�ñ±÷RðZò�����3 $4ä¾ä�$Ù �* h äS"� � ä� �K#" �� L �"ò�ñ�þ,+Rñ)��ñ�ô�÷lÿ43 ä! �K#b 6 L �"ò�ñ�þ,+Rñ)�¥��3a'[3 $ ]=3 & 3a|4ñ�ô´ñ�ñ�ô $ ÷RðZû ]=3 . øÑðZû $ ]�òuñ�ùýô"õZñ òuþ�ñ±÷lð%h
÷Rô"öEò¾ùs:ZõZñ��"ñÒùAü�ùÇô´ñ�ö õÌ÷��lñ�öEò��"ñ�ô"õÌ÷lðÝòlðZñÒùAô�÷��ZÿÑñÒö½òuûOñ�òló�ò�:�ñ��´÷Rô"øÎò¾ð�� $ <Ò÷Rô"ú��"ñ $�*uäSb�$�"uä h "2c� ä� �K#b �� L �"ò�ñ�þ,+Rñ)� ä! � �N 6 L �"ò�ñ�þ,+lñ�� $ ��3`'[3 $º& ÷lù"ùÇøC�¾ñ,øÑþ�ñ���ñ��d�!ûZøÑù"þ�õÌ÷2�d�¾ñ�ùÐ÷lù�ôd�"ø����¾ñ)�Çù óXò��\�¾ÿÎò��Ì÷lÿ�þ�ÿÑøÎöE÷Rô´ñ
þ�õÌ÷lð��¾ñ $ <�÷Rô´ú��Çñ *#-�"�$�N#"uä h N#"2N � ä! � �N �� L �"ò�ñ�þ,+Rñ)� ä! � #- 6 L �"ò�ñ�þ,+lñ��9��3Ù'/3 $ �5õZñ��"ö½ò¾õÌ÷lÿÑøÎðZñ þ�øC�"þ�úZÿÃ÷Rô"øÎò¾ð $ ô"õZñ=>Òþ�õOøÎÿÎÿÑñ�ù�õZñ�ñ�ÿ�òló�ò¾ú���þ�ÿÑøÎöE÷Rô´ñ
ùÇü�ùAô´ñ�öaj��ýøÎÿÑÿ�öE÷lð�hØö/÷RûZñT�5ï " ú�:ZùÇñ�ô-ô´õZñ7þ�ú��d�Çñ�ð¢ôa�Ì÷lÿÎ÷lðZþ�ñ�� 'uþ�øÑñ�ðZþ�ñ $�"�-2K�$yäSb�K#" h äSb�K�K� ä� � #- �� L �Çü¾÷lð ä� �K�c 6 L �Aü¢÷lð $ � 3 $ ��ø��lõ�h¸ÿÎ÷Rô´ø­ô´úZûZñ�ù"÷lÿÎøÑðZøÑô¸ü ñ�(�ñ�þ�ô´ù�÷lðOûÐøÎð¢ô´ñ��"õZñ�öEøÑùd:ZõZñ��"øÑþ�ô´õOñ)�"ö½ò¾õÌ÷RÿÎøÎðOñ�þ�ø��th
þ�úOÿÃ÷Rô"øÎò¾ðZù $ <�÷Rô´ú��Çñ $0*#"2*�$�*�1Oä h *�1�N � ä! �K�c ��l�gõÌ÷��"ÿÑñ�ù*ñ�ô�÷lÿ53 ä! � �N 6\�gõÌ÷��ÇÿÎñ�ù $ �
3�]=3 $ ]=3 . øÎðZû $ þ�3 þlò¾ú�z�ñ�ÿ $�. 3�]=3�fIò¾ùAô´ñ�� $ ÷RðZû . 3��Y3 � ÷lø��s�Ì÷lð�+wù $�IÿÃ÷lþ�øÃ÷lÿ �RøÎð¢ô´ñ��d�¾ÿÎ÷lþ�øÎ÷lÿ^þ�õZ÷lð��¾ñ�ù~øÑð(ö½ò¾øÑùÇô´ú��"ñfùÇò¾ú��"þ�ñ�ùyóXò��_�7�"ñ�ñ�ðZÿÃ÷RðZû�j � ð��ÌúOñ�ðZþ�ñ�ù�òlðËô"õZñ
øÎþ�ñ
þ�ò��"ñ��"ñ�þ�ò��Çû�òló4þ�ÿÑøÎöE÷Rô´ñ $ '�þ�øÎñ�ðZþ�ñ $/"�c�*�$0b21�K h b�ä!K � ä� � �N ��l�gú��Ì÷lùÇþ�õ!ñ�ô�÷lÿ53 "�1�1uä 6\�gú��Ì÷lùÇþ�õ $ 
 3 $ �832>\3 & ñ�ñ�õOÿ $ �83dþ�3 L ò�ñ)� $#. 3'þ�3�'�ô"ò¾ú�(�ñ)� $#& 3�]�ø�� $ >V32<�ò�ûÌ÷ $�
3#>V3%'�ñ�ðZøÑò�� $ '/3 . ÷�:$ñ)� $ fY3%'[3���÷�: $ >V3#>A��ñxhAï�úZþ�õZø $ '/3 L �ÇøÎð�+Rò�: $�& 3%�gÿÃ÷RúZù"ùÇñ�ð $�& 3%�gò¾ÿÑÿÎøÎðOù $
þ�3f6`�R÷lðOù $ � 3 � øÑù"þ�õZñ��th L �"úZðZù $ �83 � ÿÃ÷Rô"ò $ þ�3��
3 � üwóXñ $ >V3v� ÷RðZò�:$ò¾ÿÎùs+�ø $ þ�3 & 3v�7�"ñ)�lò��Çü $�Ê 3�h Ê 3��ú $ � 3dþlòuòlù $ �732fIð�úuô´ù"òlð $Z. 32fIðwúOô"ô"ø $ �
3�I�÷lðZûZùÇñ±÷ $ I`3 & ñ±÷2�"ðZù $ �
3 & øÑÿÎÿ­ü $ þ�3 � 3 L 3 & øÑô"þ�õZñ�ÿÑÿ $�73�<�ò�z�÷!�g÷ $ �_3�|4÷lñ�ô"õ $ þ�3 . øÑù"ðZñ�ð $�. 3�'O÷lúZùÇñ�ð $ '[3�'uö½øÑô"õ $ �73�'�ô"òuþ,+Rñ)� $ >V3l�5øÎö½öEñ��"öE÷lðZð $ 
 3

 ÿC���"øÑþ�õ $ >\3��.ñ±÷��¾ñ�� $ þ�3��.ñ)�¾ðZñ�� $ |�3��ýõZñ�ôÇô´ò¾ð $ �73��ýø��¾ÿÑñ�ü $�& 3��ýøÑð¢ô´ò¾ð $ ÷lðZû � 3 Ê �*øÑñ)�Çù $� 3|`�"òoRÇñ�þ�ô"øÎò¾ðZù òló�óXúOô´ú��ÇñEþ�ÿÎøÑö/÷Rô"ñÐþ�õÌ÷lð��lñ $ øÑð��gÿÑøÎöE÷Rô´ñ8�gõÌ÷lð��¾ñ "�1�1Oä j\�5õZñ�'uþ�øÎñ�ð¢ô"øCmÌþ L ÷lùÇøÎù)3�gò¾ð¢ôn�Çø��Zúuô´øÎòlðÝòlóÙ�.ò��d+wøÎð��Y���Çò¾ú�: � ô´òfô"õZñ9�5õZøC�"û�>�ù"ù"ñ�ù"ùÇöEñ�ðwô . ñ):$ò��ÇôÔòlóGô´õZñ � ðwô"ñ)�s�¾ò!�¾ñ)�Çð�h
ö½ñ�ð¢ô�÷lÿ�|�÷RðZñ�ÿmòlð��gÿÎøÑö/÷Rô"ñ=�gõZ÷lð��¾ñ}�5�Ô÷lö=���ÇøÎû��lñ 
 ðOøC�¾ñ��"ùÇøÑô¸üW|º�Çñ�ùÇù $ �Ô÷lö=���"øÎû��¾ñ $ 
 f_�A:�:�3b�"�c h b�K#" 3�� "�1�1Oä ��l�yøÑÿÎÿ ä! �K#" 6\�IøÎÿÑÿv>\3»6�3 $ >Ôô´ö½ò¾ùd:ZõOñ)�"ñxhAï�þ�ñ�÷lð?]Òü�ðÌ÷RöEøÑþ�ù��~>Òþ±÷RûZñ�ö½øÎþ�|`�"ñ�ù"ù $ IGò¾ðZûOò¾ð $�ä! �K#" �
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�J��ñ�ÿÑû ä! #-�K 6_��ñ�ÿÑû $ � 3 & 3 $ �5õZñe�¾ñ)�Aô´øÑþ±÷lÿ$ù"þ�÷lÿÎñ�òló�÷lðÝúOðZùÇô´÷��ZÿÎñA�Ì÷��Çòuþ�ÿÎøÎðOøÎþM�g÷!�lñI÷lðZû/øÑô´ù�øÎöB:$ò��Çô´÷lðZþ�ñ
óXò��5ñ�ûZûOü,õZñ�÷Rô��Ìú��a:Ì÷2�´÷lö½ñ�ô"ñ)�"øCz±÷Rô"øÎò¾ðOù $ þ�3�>Ôô´ö½ò¾ù)3['uþ�ø43 *�b�$0b�-�" h b�-�c � ä! #-�K ��l� ÷lðOò�:�òlÿÎùd+wøG÷RðZû . ÷lõOöEùAô´ò��Aó "�1�1Oä 6\�y÷lðZò�:$ò¾ÿÎùs+wø $ >\3?÷lðZûW'/3 . ÷lõZö½ùÇô´ò��Çó $ '�ô´÷��ZøÑÿÎøÑô¸ü/÷lðZû}�R÷��"øÎ÷��ZøÑÿ^h
øÑô¸ü�òlóOô"õZñ�ô"õZñ)�ÇöEòlõÌ÷lÿÎøÑðZñmþ�ø��"þ�úZÿÃ÷qô´øÎòlðIøÎðyô´õZñu:Ì÷lùAô�÷RðZû~óXúOô"ú��"ñ2jÀ÷�ùAô´úZûOü��*ø­ô´õ~÷�þ�ò¾ú�:ZÿÑñ�û�ö½ò�ûZñ�ÿ
òló4øÎð¢ô´ñ��"ö½ñ�ûZøÎ÷Rô´ñÒþ�ò¾öB:ZÿÎñx�uøÑô¸ü $ øÎð}�5õZñ~ï�þ�ñ�÷lðZù�÷lðZû . ÷2:ZøÎûa�gÿÑøÎöE÷Rô´ñ��gõZ÷lð��¾ñ2jU|4÷lùÇô $ |`�"ñ�ùÇñ�ð¢ô
÷lðZû � úOô´ú��"ñ $ ñ�ûZøÑô"ñ�ûW�¢üa]=3['uñ�øÎûZò!� $/& 3 & ÷lùÇÿÎøÎð�÷lðOû L 3�þ�3[�Ò÷Rú�:Oô $ >e� 
 $ � ÷lù"õOøÎð��lô"ò¾ð $ :�:�3"�cOä h "�-�b � "�1�1uä ��l� ÷lðOò�:�òlÿÎùd+wøG÷RðZû . ÷lõOöEùAô´ò��Aó "�1�1#" 6\�y÷lðZò�:$ò¾ÿÎùs+wø $ >V3Ô÷lðZû¥'/3 . ÷lõZö½ùÇô"ò��Çó $ >A���"ú�:uô?�IÿÃ÷Rþ�øÃ÷Rÿ
�gÿÑø^h
öE÷Rô´ñ_�gõÌ÷Rð��¾ñ�ù*ûZúOñ ô"ò�'wô´ò¾õÌ÷RùÇô´øÑþ . ñ�ù"ò¾ðZ÷lðZþ�ñ $ |�õ¢ü�ù)3 . ñ��[3[IGñ�ô"ô)3 K�K�$ ]yï � 1�*�K�1�buä � "�1�1#" ��l� ÷lðOò�:�òlÿÎùd+wø�ñ�ô�÷lÿ43 "�1�1Oä 6\�y÷lðZò�:�ò¾ÿÑùd+wø $ >V3 $ �V3Y|4ñ�ô´ò¾ú�+wõZò!� $ '[3 . ÷lõOöEùAô´ò��Aó $ �=3 L �ÇòS�%+wøÎð $?& 3�gÿÃ÷RúZù"ùÇñ�ðb÷lðZû¥�
3MfIú��Z÷Rônz�+�ø $9"21�1Oä j �MI � &WL 6 . h " j�> þ�ÿÎøÑö/÷Rô"ñ�ùAüuùAô´ñ�ö öEò�ûZñ�ÿÒòló øÎð¢ô"ñ)�th
ö½ñ�ûZøÎ÷Rô´ñ�þ�ò¾öB:ZÿÎñx�Oø­ô¸ü�3�|4÷��Çô �s� j & òuûOñ�ÿGù"ñ�ðZù"ø­ô´ø^�uø­ô¸ü�30�gÿÑøÎöa3�]Òü�ð�3 ä!-�$[-�*#b h -�buä � "�1�1Oä ��J��ú��¾õOñ�ù�÷lðZû�� ñ�÷��¾ñ)� ä! � �N 6���ú��lõZñ�ùA�73��
3 & 3 $ ÷RðZû	�.ñ±÷��¾ñ��
>\3�þ�3 $v& úZÿÑô"ø�:ZÿÑñIñ)wwúZøÑÿÎø����"øÎúOö òlóm÷lð
÷lùAüuö½ö½ñ�ôn�ÇøÎþÒôE��ò2hk�Ì÷lù"øÑð�ö½ò�ûZñ�ÿ $ þ�30|�õ¢üuù�3�ïIþ�ñ±÷lðOò����)3 "oN�$�cOä! h c�*#- � ä! � 2N ��Jfyñ�ø����*øÑð,ñ�ô�÷lÿ53 ä! � �N 6_fyñ�ø����*øÑðWI`3[]=3 $ �gú��d�Çü}��3 L 3 $ IGñ�õZö/÷RðT'/3fþ�3 $ ÷lðOû�þlò¾õZðOù"ñ�ðP'[3 $ �5õZñV�Çò¾ÿÎñ
òló?ô´õOñ5ûZñ�ñ�:Eò�þ�ñ�÷lð
øÎðY<�ò��Çô´õY>Ôô"ÿÃ÷lð¢ô´øÑþgþ�ÿÎøÎöE÷Rô"ñgþ�õÌ÷lð��¾ñ���ñ�ôE�gñ�ñ�ð -21 ÷lðZû ä!*�1 +¢üÐ÷2�¾ò $ <Ò÷qô´ú��Çñ*#-uä�$�*#"�* h *#"�- � ä! � �N ��Jfyø­ô´ò¾õ,ñ�ô�÷lÿ43 "21�1Oä 6_fIøÑô"ò¾õa>V3 $ '/3 & ú��"÷�+q÷lö½ø $ ÷lðZûW�\3/fyòløÎûZñ $ > ù"øÑöfúZÿÃ÷qô´øÎòlð�òRómô´õZñVI�÷lùÇô9�yÿÎ÷lþ�øÎ÷lÿ& ÷o�uøÑöfúZör�*øÑô"õÐ÷Òþ�òlú�:ZÿÎñ�ûÐ÷Rô"öEò¾ùs:ZõZñ��"ñ!�qòuþ�ñ±÷lðB�_� &G$ �yñ�ò�:Zõ¢ü�ù)3 . ñ�ù�3�IGñ�ôÇô�3 $Z"�K�$�"�"�"uä h "�"�"2N� "21�1Oä ��JfyÿÑøÎð��lñ)�5÷lðOû & ÷2�"òlôdz)+lñ ä! � � 6_fIÿÎøÑð��¾ñ)� L 3S>\3 $ ÷lðZû¯þ�3 & ÷��Çòlônz�+lñ $ZL ñ�õÌ÷���øÎò��4òlóZûZò¾ú��ZÿÑñ�õOñ�ö½øÎùd:OõZñ)�Çñ
ô´õOñ)�"ö½ò¾õÌ÷RÿÎøÎðOñA�Ìò!��øÑð-÷½ùÇøÎð��¾ÿÑñ9�Ì÷lùÇøÎð $ þ�3�|�õ¢ü�ù)3^ï�þ�ñ�÷lðZò�����3 "� �$0*�K#" h *� � � ä� � � ��JfyðwúOôÇô´ø�÷lðOû?'�ô"òuþ,+Rñ)� "�1�1Oä 6_fyðwúOôÇô´ø $�. 3 $ ÷lðZûV�73 � 32'�ô´ò�þ,+lñ�� $ IGøÎö½øÑô"ñ�û�:��Çñ�ûZøÑþ�ô�÷2�ZøÎÿÑøÑô¸üIòlóOô´õZñgóXúuô´ú��Çñ
ô´õOñ)�"ö½ò¾õÌ÷RÿÎøÎðOñ�þ�ø��"þ�úZÿÃ÷qô´øÎòlð�þ�ÿÑò¾ù"ñ�ô´òy÷lðÐøÑðZùÇô´÷��ZøÎÿÑøÑô¸ü�ô"õ��"ñ�ù"õZòlÿÎû $ þ�3��gÿÎøÎöE÷Rô"ñ äSb�ä!-�c h ä�K�c � "�1�1Oä ��Jf��"÷lù"ò!��ùd+wø­ü�÷lðZû	'�ô´òlðZñ ä! � �K 6_f7�"÷lù"ò!��ùd+wøÑü��=3�|�3?÷RðZûa|�30�\3�'�ô´ò¾ðOñ $ ]�ñ�ùAô�÷��OøÎÿÎøCz±÷Rô"øÎò¾ðEòló�ô´õZñIô"õZñ)�yh
ö½ò¾õÌ÷lÿÑøÎðZñIþ�ø��"þ�úZÿÃ÷qô´øÎòlð	�¢ü�÷Rô´ö½ò¾ùs:ZõZñ)�ÇøÎþyôn�"÷lðZùd:$ò��Aô´ù)j�>�ð7÷lðÌ÷lÿ­üwô´øÎþyùÇò¾ÿÎúOô"øÎò¾ð $ þ�3v�gÿÎøÑö/÷qô´ñ ä¾ä�$
ä!K�1�* h ä!Kuä¾ä � ä� � �K ��Jf��ÇøÎðZðOñ)�*÷lðZûW�Iñ�ð¢ô´õZòlð ä! � �K 6_f7�"øÑðZðZñ)� $ �Y3g÷lðZû¥�
3��Iñ�ð¢ô´õOò¾ð $ �_� & ù"øÑöfúZÿÎ÷Rô´øÑò¾ðZù½òlóyô´õZñ�I�÷lùAô�IÿÃ÷lþ�øÃ÷lÿ & ÷o�uøÎöfúOö'ù"ú��Aóv÷lþ�ñ�þ�ÿÑøÎöE÷Rô´ñgòlóÕ�7�"ñ�ñ�ðZÿÎ÷lðZû½÷lðZûD>Òð¢ô�÷��Çþ�ô"øÎþ±÷ $ �gÿÑøÎöE÷Rô´ñM]Òüuðv3 ä�N�$�-2NZä h-�b�K � ä! � �K �
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�JIÀ÷qô´øÑóÀñ�ôÒ÷Rÿ43 "21�1�1 6_I�÷Rô"øÑó & 3 $ 6�3 . òuñ�þ,+�ðOñ)� $ 
 3 & ø�+Rò¾ÿÃ÷SRÇñ��*øÎþ�z $ ÷lðZû . 3 ��ò¾ù"ù $ ���"ò�:ZøÑþ±÷lÿ�'�ô´÷��ZøÑÿÎø�z�÷oh
ô´øÑò¾ð�òRóÌô´õZñ��5õZñ��"ö½ò¾õÌ÷lÿÑøÎðZñg�gø��Çþ�úZÿÎ÷Rô´øÑò¾ð øÎðÐ÷��7�"ñ�ñ�ðZõZòlúZù"ñg� ÷��ÇöEøÑð��7'uøÑöfúZÿÎ÷Rô´øÑò¾ð $ þ�3#�gÿÑøÎöE÷Rô´ñ
ä!*�$^ä!K�1� h ä!KOä!* � "�1�1�1 ��JI�ñ���øÑô´úOù ä� �K#" 6_IGñ���ø­ô´úZù $ '[3 $ �gÿÑøÎöE÷Rô´ò¾ÿÑò��¾øÑþ±÷lÿ?÷Rô"ÿÃ÷lù5òRó�ô´õOñ���ò��ÇÿÎû-òuþ�ñ±÷lð $ <Òïe>A>�|`�ÇòlóXñ�ùÇù"øÎòlðÌ÷lÿÕ|�÷Sh:$ñ)� $ �lò¾ÿ43 ä!*�$ 
 3æ'/30]�ñ�:Ì÷��Aô´ö½ñ�ð¢ô*òló{�gò¾öEö½ñ)�Çþ�ñ $ <�ïe>A> $ � ÷lù"õOøÎð��lô"ò¾ða]���� ä! �K#" �� & ÷lþ�ûOò¾ðÌ÷lÿÑû�÷RðZûa�.úZðZùÇþ�õ ä! � �c 6 & ÷lþ�ûZò¾ðÌ÷RÿÎû¹>\3 & 3 $ ÷lðOûr�
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þ�òlú�:ZÿÎñ�û{òuþ�ñ±÷lð��l÷Rô´ö½ò¾ùs:ZõZñ)�Çñ7öEò�ûZñ�ÿ�ô"ò�÷lðýøÎðZþ��"ñ±÷Rù"ñ7òló~÷Rô"öEò¾ùs:ZõZñ��"øÎþ�þ±÷��s��òlð{ûZøÎò��uøÎûZñ $ þ�3�gÿÎøÑö/÷qô´ñ $�-�$[b h "�* � ä� � �N �� & ÷lðÌ÷��$ñ ÷lðZûW'�ô´òlú�(^ñ�� ä! � � ÷26 & ÷lðÌ÷2��ñ�'[3l÷lðOû . 3'þ�3#'wô´ò¾ú�(�ñ)� $ >
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