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U

Extensive Variable, x

xo

U − U(xo) = ∂U   (x − xo )
∂x

x=xo

= F(xo) (x − xo)
Φ(F(xo))=
      U(xo) − F(xo)xo

x=09;:=< >-?&@BA0CED&CGFIHKJKJML�NPOEQ�R�OESUT0V�T�WXR�Q=T-JKJYSKV�Z[O\R�V�Z ]�V*O_^`JaR�V�]BSKVBT0V�]�b0Sdc�]�V�N&SUT0Vfe'g�hGR�JMLiRjOk]7blR�O%NkT-c�]R�Q�m�S OEQ�R�Qonp^ TfSdV�O'qsrEt0O
u�]vNEJ T0^ ][TGW$O
u�]l^�JaR�V�]vSaN_OEu�][wjT-V\xkL�Z�R�Ok]yW+T�Q=w7][OkTzO
uGR�O�hGR�Q+SYR m`J ]�ts{}|�qsrE~Ee� N&SdV�Z�OEu�]v]7�5LGR�O&SaT-V�T�WXOEu�]�O�R�V�Zi]GV�OB^�JaR�V�]Gtf�%]vw�R�V�b`]E��V�]zR}V�]E��WPL�V�w
O&SaT-Vfe_�y|�{�~�tf��u�SUw�u}SUNO
u�][O
u�]�SdV�Ok]�Q=wj]�^�O�T�W�O
u�][O�R�V�Z ]�V�OB^�J�R V�]y��S O
u�N
J T0^i]z{�R�V�b}O
u�]lSdV�O�]GQ�VGR�J`]�V�]GQ=Z�nje���u�]BhGR�JML�]TGW�O
u�]�N
J T0^ ]7N�T�W�O
u�]�O�R�V�Z ]�V�O�NEL�QoW�R*wj]�O�T���R�Q=]�Q=]GJaR�O�]jb�O�TvOEu�]�w7T0V\x�L�Z`R�O�]�W+T Q=wj]7N���OEu�]�hGR�JKL�]7NTGWsO
u�]7Nk]�W�T�Q=wj]7N'R�Q=]�SdV�O
L�Q�V�WPL�V�w
O&SaT-V�N�T�W���u�]�Q=]�O
u�]'O\R�V�Z ]�V�O�^�J�R�V�]�SaN_^�J�R*wj]7b�e_HdV�T�O
u�]�Q5�%T�Q=b`NEtO
u�][wjT-V�x�L�Z`RjOk]yW+T�Q=w7]jNBR�Q=]�R�J N�T�WPL�V�w
O&SaT-V�NIT�WXOEu�][]&��O�]GV�N&S h�][hGRGQ+S�R�m�J ]jN7e
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ð Ð�Î\Õ�ê�×�ß¬â°ÜÙÕ =Ið ÓÙÞDÞ,Ò ð Î�Õ�Õzñ�Ñ,Õ�Î&1�æòôó ò�ûùøQúü÷¨õWö¨óôóè÷�õWö¨óôõ�û1øQú÷öøò � õ�#�ø�#&� ÿ � ��� �
	Pù��3 
 à,ÕÔú3Õ71GÕ�Ñ,Ô�Î�Õ¥Ø.ÎÖ×�Ñ,Ò»ÚçÐ�Î�ß¥×pØ.ÓÙÐ!Ñ56 ÓÙÒãÔDÕÖî�Ñ,Õ�Ô�×�ÒlØ�àDÕ¥â°Î�Ð|Ï�Õ�Ô,Í�Î�Õ­Ð�ÚÈÒ.ÍDÞ°Ø.ÎÖ×�Ï�Ø.ÓÙÑ51UÐ�é Ï�Ð!ÑGû»Í51�×ZØ�Õâ�×ZÓÝÎKØ�ÐlÏ�à�×�Ñ51!ÕWØ�à�×pØKâ�×ZÎ.Ø�ÓªÏ�Í°Ü	×pÎ>áG×pÎ.Ó'×�Þ°ÜÙÕ�ì
 Ð Ò.Õ�ÕïàDÐ�ë Ø�à,ÕÈÑDÕÖë áG×ZÎ.Ó'×�Þ�ÜÙÕ�Ò\×�â,â�ÕZ×ZÎ�ü,Ï�Ð!Ñ,Ò»ÓÙÔDÕÖÎKØ�à,Õ�ýKÕÖÜªßãàDÐ�ÜÝØ&þ�Ú'Î�Õ�ÕWÕ�Ñ,Õ�Î&1�æ =

ñ�õIó ñ � ò ÷�õWö � ó¯ñ|ò ÷¨õÈñ|ö7÷�ö�ñ�õ
ó � õÈñ�öh÷ùøQñ�ú û ýþ ÿ ��� � ÿ ñ�� ÿ � ÷ õ¯ñ|öh÷ öSñ�õ
ó ÷�öSñ�õ�÷ùøQñ�ú û ýþ ÿ ��� � ÿ ñ�� ÿ ��� �
	®���
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ÿ Ð�ÓÙÑ21 Ø�à,Õ�Ò�×�ß¬ÕÈÚçÐ�Î\ñ � ó � ó ñ � ò�û1øQú �

�\ÑDÔ­ÚçÐ�ÎÈñ � ò � ó ñ � ò ÷�õWöjû1øïú �
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 Î.ÓÝá|Ó'×pÜXñ�ê�×�ß¬â°ÜÙÕ�Ð�Ú�×�ú3Õ71!Õ�Ñ,Ô�Î�Õ 
 ÎÖ×�ÑDÒ
ÚçÐ�Î�ß
�|ÍDâ,â�Ð!Ò�Õ�Ø�à�×pØ�Ø�à,ÕSÓÙÑ�Ø�Õ�Î�Ñ�×pÜ|Õ�Ñ,Õ�Î&1�æQÓÙÒ�Ï�Ð!ßãâ�Ð!Ò.Õ�ÔQÐ�ÚDØ�à,ÕSØ�àDÕÖÎ�ß¥×pÜ�â�×ZÎ�Ø�â°ÜÙÍDÒ�×eÒ»ÓÙßãâ�ÜÙÕ�Ò.â°Î.ÓÙÑ21 =

ò � ö$#�� � ó�õWöhû õ��
ó�õQöjû�� � �
	 ��� �E	P8`�

ë\à,Õ�Î�Õ õ � � � ó � ò� � ó � � ��� �E	Pï`�
 à,Õ[ú3Õ71GÕ�Ñ,Ô°Î�Õ�Ø.ÎÖ×�Ñ,Ò»ÚçÐ�Î�ß¸Ú	Î�ÐGß:Ø�à,Õ�� 	 áG×ZÎ.Ó'×�Þ�ÜÙÕÈØ�ÐAØ�àDÕvõ áG×pÎ.Ó'×�Þ°ÜÙÕ¯ÓÙÒ
� ó ò � ö$#�� � ÷�õ��

ó�õQöjû
� � �
	S÷ � ��	
ó�õWöU÷�� � ��	

ó�õWöU÷ �� � õ�	ó � � ö$#&õ �
��� �
	����`�

� ØãÓÙÒ¬Ú�×pÓÝÎ.ÜÝæ�Õ�×�Ò»æ�Ø�Ð¨Ò.àDÐ�ëxØ�à�×pØ`Ø�à,ÕjÓÙÑ�á�Õ�Î�Ò�Õ¦ú3Õ71GÕ�Ñ,Ô�Î�ÕhØ.ÎÖ×�ÑDÒ»Ú�Ð�Î�ß ×ZØ.ÓÙÐGÑ1ÓÙÒ¥Ò»ÓÙß¬â°ÜÝæ�ò ó
� ÷ � � ��� � õ � õAì

� ¶���µÈ³S´|¶SÅ.¹�¶�Ã��$¼�� Ã�¹»ÄWº«¹���Å�¶
�eÑ,Ð�Ø�àDÕÖÎ�ÓÙß¬â�Ð�Î.ØÖ×�Ñ�Ø�Ò�Õ�Ø�Ð�Ú�Ø�à,Õ�Î�ßãÐ|Ô�æ°Ñ�×�ß ÓÙÏ�Ò3Ï�ÐGÑ,Ï�Õ�â°Ø�Ò�Ú$×ZÜÝÜ,Í,ÑDÔ,Õ�Î�Ø�àDÕ9Ï�×pØ�Õ71GÐ�Î.ælÐ�Ú�ú5Õ��<à�×pØ�Õ�ÜÝÓÙÕÖÎ�� Òâ°Î.ÓÙÑDÏÖÓÙâ�ÜÙÕ�ì � Ø<ÓÙÒ<Ú�ÍDÑ,Ô�×�ßãÕ�Ñ�ØÖ×pÜÝÜäæ ×�Ñ¥Õ�×�Ò»æ¬ÓÙÔ,Õ�×`üDÞDÍ°Ø<Ú�Ð�ÎfÒ.ÐGß¬ÕKÎ�Õ�×�Ò.ÐGÑãÓÝØ9ÓÙÒ<ØÖ×�Í21Gà�Ø9ÓªÑãÚ�×pÓäÎ�ÜÝæ¥Ï�ÐGÑ�Ú�ÍDÒ
ÓÙÑ21ëe×�æ°Ò�ì
 àDÕÈÚçÐ�Î�ß¥×pÜ3Ò»ØÖ×pØ�Õ�ß¬Õ�Ñ�ØfÐ�Ú�ú5Õ��<à�×pØ�Õ�ÜÝÓÙÕÖÎ�� Ò\â�Î.ÓÙÑ,Ï�ÓÙâ°ÜÙÕ¯ÓÙÒKÒ.ÐGß¬Õ�Ø�à�ÓÙÑ51ïÜÝÓo/�Õ¯Ø�à°ÓÙÒ =3 � Ú�×jÞ�Ð|Ô°æ�×pØlÕ�Û|Í°ÓÝÜÝÓÙÞ�Î�ÓªÍ,ß ÓÙÒ�Ô°ÓÙÒ»Ø�Í°Î�Þ�Õ�Ô�Þ�æ Ï�à�×�Ñ21�ÓÙÑ21cÐ!Ñ,ÕÐ�ÚKÓÝØ�ÒlÕ�Ñ�á|ÓÝÎ�ÐGÑ,ß¬Õ�Ñ�Ø�� ÒQáG×pÎ.Ó'×�Þ°ÜÙÕ�Ò7ü�Ø�à,Õ�Ñ Ø�à,Õ¥Þ�Ð|Ô°æ � ÒQÓÙÑ�Ø�Õ�Î�Ñ�×ZÜáG×pÎ.Ó'×�Þ°ÜÙÕ�ÒKëKÓÝÜÝÜ�Ï�à�×�Ñ21GÕQÒ.Ð¥×�Ò>Ø�Ðãß`ÓÝØ.Ó=1�×pØ�Õ�Ø�àDÕWÏ�à�×�Ñ21GÕ¯ÓÙÑUÕ�Ñ 	á|ÓÝÎ�ÐGÑ,ß¬Õ�Ñ�Ø�ìY6
 à�ÓÙÒKÓÙÒÈ×`â°Î�Õ�Ø�Ø�æ­Ï�Ð!Ñ°ÚçÍ,Ò»ÓÙÑ21ãÒ»ØÖ×pØ�Õ�ß¬Õ�Ñ�Ø>Ú�Ð�ÎÈÒ.ÐGß¬Õ�Ø�à�ÓÙÑ51AØ�à�×pØKÓÙÒfÚ$×ZÓÝÎ.ÜÝæcÕ�×�Ò»æ­Ø�Ð ÍDÑ,ÔDÕÖÎ�Ò»ØÖ×�ÑDÔ3ì"!�ÕÖÎ 	à�×�â,Ò7ü�Ø�à,ÕKÚçÐ�ÜÝÜÙÐ�ëKÓÙÑ21lÒ»ØÖ×pØ�Õ�ßãÕ�Ñ�Ø�ÓÙÒ>ÕZ×�Ò»ÓÙÕÖÎ$#�3 � Úz×�Ò»Ø.ÓÙßlÍ�ÜÙÍ,ÒSë>ÐGÍ�ÜÙÔ¥â°Î�Ð|Ô,ÍDÏ�Õ\×�Ñ Õ�é3Õ�Ï�ØKÐ�Ú«ß¥×G1!Ñ°ÓÝØ�ÍDÔ,Õ �
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ÓÙÑh×�ß¥×pØ�Õ�Î.Ó'×pÜ�Ø�à�×ZØ�ÓÙÒ>Ï�Ð!Ñ,Ò»Ø.ÎÖ×pÓÙÑDÕ�Ô­ÑDÐ�Ø<Ø�Ð�Ï�à�×�Ñ51GÕeÓÝØ�Ò9ÓÙÑ�Ø�Õ�Î�Ñ�×ZÜ5ÔDÕj1�Î�Õ�Õ�ÒfÐ�Ú«Ú	Î�Õ�Õ�Ô,Ð!ßÔü|Ø�à,Õ�Ñ­×�Ñ¥ÍDÑ,Ï�ÐGÑ 	Ò»Ø.Î�×ZÓÙÑ,Õ�Ô7ß¥×pØ�ÕÖÎ.Ó'×ZÜ«ë>ÐGÍ°ÜªÔ à�×�á�Õl×`Î�Õ�Ò.â5Ð!Ñ,Ò.ÕQØ�à�×ZØ\ÓÙÒ�ÜÙÕ�Ò.Ò�Ø�à�×�ÑcÐ�ÎWÕ�Û|Í�×pÜ�Ø�Ð¥ß ×�1GÑ�ÓÝØ�Í,Ô,Õ � ìY6&%KÐ-ü3Ñ,Ð�ØÞ�ÕÖØ.Ø�Õ�Î�#UÌeà ü°ëfÕ�ÜÝÜ�ì

�KÜÙÒ.Ð-ü � � á�ÕKÑDÕÖá�ÕÖÎSÚçÐGÍDÑ,Ô ×[1!Ð�Ð|ÔAâ°Î�Ð|Ð�Ú�Ð�Ú�Ø�à°ÓÙÒ�ë\à�ÓÙÏ�àlÜÙÕ�×�ÔDÒ�Ø�Ðï×�Ñ�æ ×�Ô,Ô�ÓÝØ.ÓÙÐGÑ�×pÜ,âDà�æ°Ò»ÓÙÏZ×ZÜ,Õ�Ñ�ÜÝÓ=1Gà�Ø�Õ�Ñ 	ß¬Õ�Ñ�Ø�ü�Ò.Ð � ë>ÐGÑ�� Ø9Ô°ÓªÒ�Õ�Ñ°ÜÝÓÛ1Gà�Ø�Õ�Ñ`æ�ÐGÍ Þ�æ}1�ÓÝá|ÓÙÑ21ïÐ!Ñ,Õ � ÓÝÚ�æ�Ð!ÍlëK×�Ñ�ØSØ�Ð�1GÕ�Ø9Ï�ÐGÑ�Ú�Í,Ò.Õ�Ô ü�Ò.Õ�ÕKØ�àDÕfÔ�ÓÙÒ.Ï�Í,Ò.Ò»ÓÙÐ!ÑÞ�æÔú«×�ÑDÔ�×�Íh×�ÑDÔÔú�ÓÝÚçÒ.à°ÓÝØ&þ�ü'�|Õ�Ï�Ø�ÓªÐGÑ � ì �)( ÓÝØeÓªÒKØ�à,ÕÈÞ�Õ�Ò»Ø�â�Î�Ð|Ð�Ú«Ø�à�×pØ � /°ÑDÐ�ëbÐ�Ú � ì
� Ø�à°ÓÙÑ0/¬ÓÝØ\Þ�Õ�Ò»ØKØ�Ðl1�ÓÝá�Õ�×ïÚ�Õ�ëôÕ�ê�×�ßãâ�ÜÙÕ�Ò�ì

� ì � Ú�Ø�àDÕfâ�Î�Õ�Ò.Ò.Í°Î�Õ<ÓÙÒSÓÙÑ,Ï�Î�Õ�×�Ò.Õ�Ô�üGØ�àDÕfÒ»æ°Ò»Ø�Õ�ß ëKÓÝÜÝÜDî�Ñ,Ô`×�Ñ Õ�Û|Í°ÓÝÜäÓÙÞ°Î.ÓÙÍ,ß Ø�à�×ZØ�Ô,Õ�ÏÖÎ�Õ�×�Ò.Õ�ÒSÓÝØ�Ò�á�Ð�ÜÙÍ,ß¬Õ�ì
* Õ�ß¬Õ�ßlÞ�Õ�ÎfÐ!Í°Î>Ú'Î.ÓÙÕ�Ñ,Ô�ÜÝæ¥ÓÙÔ,Õ�×pÜX1�×�Ò>Î�Õ�×�Ï�Ø.ÓÙÐGÑ =ý 	 � áG×�â�Ð�Î � û �� Ì 	 � áG×�â�Ð�Î �,+- ý 	 Ì � áG×�â5Ð�Î ��/.Kù ß¬Ð�ÜÙÕ�Ò +- � ß¬Ð�ÜÙÕ�Ò ��� �E	��G���
0 1'2Su`s4365/7Ùu�npo»u98�7	u�o»o;:<7Ùu�=�2Ks?>@>�q;Apu�5$B�tC8DBGo�s q�sEBF3C1$n�G6B<73qHA�uI7Ùu�n65Öq.n<3�q
oJB<7K8/7LB)MN:65Öq»oHO

PRQTS ó ø ý�U.Ì � øWV
ø ý U � ø V � ø Ì U � ø V ��XU ��� �E	�� � �

� ø ÑDÕÖëøWVª� XU PYQTS ó Z ý U Ì
Z ý U Z XUÌ[U

��� �E	��]\��

� ì^� ÏÖÎÖ×�Ïk/ ÓªÑc×lß¥×ZØ�Õ�Î.Ó'×pÜ =
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F

Fð Ó=1GÍ°Î�Õ � �E	 � =W_ 5/7'n]5/`Ès?3\nQtÈn�q»u/7�s n<> ab2[A�n�qMs�o�q;Apuc7Ùu�oH8DBF3po»u[B/1�q;Apu¯tÈn�q
u�7�s n<>�qdBïnD3Qs4365/7Ùu�npo»u$M
>EB�n6MFO
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