
���������
	��
�������
���
����	�������� ���!�#"$�&%(')�&��*�+,"-����	��.�0/.+&�1�,23���
�540���6�(�,27���98:�.;< �
��	�=>��2
/
�
�1=?')�9*
@BA�C�D1EGFGHJILKNMPO�QRHSA�CTEVUWOYX!Z�[1K\U^]`_aFcb1K�FG]d_NK\IdI`ZeFGHfK�HSCaFgHSA1K�HhCT[�CaEGi�Z
]`FJ_TO6[�FGCaEGj�CaX�khlnm!HgHSA1K�HX�O�CaFG[�opHhU^CaK�[qHSA1K\HhK�I`Isr�EVO�_aCTFVFVCTFJHVA1K\HJ_aO6[�FGCaEtj6CuCT[�CaEGi�Z _NK�[vA1K�r�r(Ca[�kcw1O6EcCyx�K\U^r�I`C�z1McA�CT[{KA�O�HJO6b�|GCT_TH-]`FJr!m!H$]`[v_TO6[9HfK�_}HhMc]`HVA{K^_TO6IdXvO6b�|GCT_THNz�A�CNK�HhX�O�CaFJ[�O�HJ~1O�MPQ�EVO6U�HVA�C�_TO6IdXvO6b�|GCa_}HHSO�HVA�C�A!O�HcO6b�|GCT_THJCTj6CT[vHVA�O6m�i6A Ca[!CaEVi\Zq]dFB_aO�[�FVCTEGj6CTX�kB�$ETz.K�r(O6[�X X�O�CaFc[�O�HgFGm�X�X�CT[�I`Z�Q�EGCaCa�TCO6[5K�A�O�H�FGm�U^UWCaE-X�K�Z�b�Z�i6]`j�]d[!i�m�r�A�CNK\H�HVO ]�HSF$CT[9jY]`EVO6[!U^CT[�Haz
CTj6CT[�HVA�O6m�i6A{HVA�]dF-X�O�CaF�[�O\Hj�]dO6IdK\HSC�CT[�CaEGi�Z�_aO�[�FVCTEGj\K\HS]`O6[�k���Q$HSA!CaFVCqHSA!]d[�i6F�X�]`X�O�_a_Tm�Eaz�HSA�C}Z�MnO�m�IdX�j�]dO6IdK\HSCeHVA�CvFGCa_TO6[�XILKNM�O�Q�HSA�CTEVUWOYX!Z�[1K\U^]`_aFak���H�HSCaI`IdF$m!F�HVA1K\H�r�EGOY_TCaFGFVCaF�A1K�r!r�CT[�]`[{O6[�C�X�]dEGCa_}HS]dO�[�K�[�X�[�O�H�HSA!CO�HVA�CaETk�@BA�CTFVCWK�EGCu_NK�I`IdCTX�]dEGEVCTj�CaEGFV]db!IdCur�EGOY_TCaFGFVCaFTk���[{HSA!]dF$I`Ca_THVm�EVCuK�[�X{HSA�C�[�C}x�H�O6[�C\z�MnCuMc]`IdIHfK\Id��K�b(O6m!H�HSA�CgFVCT_aO6[!X�ILKNM7O�Q�HVA�CaEGU^O�X!Z�[1K�UW]d_TFaz9McA�]`_fAe]dF�r�EVO�b1K�b�I�Z�HSA�CJU^O6FtH�Q)K\U^O6m!F�IdKNM7O�QHSA!CaEVUWO�X!Z�[1K�UW]d_aFTz1K�F�M�CaI`I
K�FBHSA�C�_aI`O6FVCTI`Z#EVCaIdK\HSCTX�HSO6r�]`_aFcO�Q,A�CNK�HJCT[�i6]`[�CaFgK�[�XqCT[�HVEVO6r9Z�k� ���!�W"-�&%(')�&��*� A�CaK\H�CT[�i6]d[!Cn_aO�[�j�CaEtHSF�A�CNK�H�]d[9HVO$m�FVC}Q�m�IYM�O6EG�(k�w.O�E,Cyx�K\U^r�I`Cn]`[uKhFtHSCNK\U�CT[�i6]d[!C�z6A�CaK\H�_aK�[b(C�m!FVCaX HSO�_aO�[�j�CaEtHhMnK\HSCTEg]`[9HSO�FGHVCNK�U�HVA1K\Hc]d[�HVm�EV[qHSm�EG[�FcHSA�C-McA�CTCaIsHSOWr�O�M�CaEJK�IdO�_aO6UWO�HS]�j6CO6EhKeFGHSCaK�U�FVA�]`r{O6E$K�[{CTIdCT_THSEG]d_�i6Ca[�CTESK\HVO6Eakh@BA�C�K�X!j�Ca[9H�O�Q�HSA!Cu]d[�X!m�FGHVEV]LK\I,EGCTj6O�Idm!HV]dO6[�]`[
HSA!C������� o�FgIdCTX
r(CaO6r!IdC�HVO#FtHSm�X!Z HSA!C�b1K�FG]d_�r�EV]`[�_a]`r�IdCTFJO\Q�A�CNK�H$Ca[!i6]d[�CTF$K�[!X�CaFtHfK�b�I`]dFGAvHSA!C�ILKNMcFgO�QHSA!CaEVUWO�X!Z�[1K�UW]d_aFTk�JCaK\HBCa[!i6]d[�CTFBi6O�HVA�EVO6m!i6AqKu_TZ�_aI`C�z�] k�C\k`z�HSA�C}ZeX�OuHVA�C-FSK\U^ChHVA�]d[!iuO�j6CaEcK\[�X�O�j6CaEcK\i9K�]d[0k���[CNK\_fA�_TZ�_aI`C�z0¡ ��¢ A�CNK\H�]dF�HSEVK�[�FGQ�CTEVEGCaX#Q�EGO6U£K�A�]`i6A^HVCaUWr�CTESK\HVm�EVCgEVCTFVCaEtj6O6]`Eaz�¡¥¤ ¢ MnO�EV�W]dF�X�O6[�CJb�ZHSA!CuCa[�i�]d[�C\z�K�[�X�¡ ¦ ¢ A�CNK\Hh]dFJC}xYr�CTIdI`CaX
HVO�K#IdO�M�CaEgHSCaUWr(CaESK�HSm�EGC�EVCTFVCTEGj6O�]dEak�w1O6EgC}x!K�UWr�I`C�]d[
KFGHVCNK�U§CT[�i6]`[�C�z.A�CaK\Hh]`FgK�b�FVO�EVb(CaX
b9ZqMnK\HSCTEgMcA�]`_fA
b(Ca_TO6U^CTFJFtHSCaK�Uvz1HVA�C�FtHSCaK�U§X�O�CaFJM�O6EG��b�ZX�EG]`j�]d[�i�K�HSm!EVb�]`[�C�z!HVA�Ca[qHSA!C�FtHSCaK�U§]dFB_TO6[�X�CT[�FVCTX
b9Zqi6]`j�]`[�i�m�r ]`HSFBA!CNK\HcHSO�_TOYO6I`]d[�i�M�K\HVCaETk

T

T

engine

hot

cold

cold

Q

Q

hot

Weng

eng hot cold
Real Engine  W    = |Q    |  −  |Q     |

¨sCTHNopFcC}x!K�UW]d[�C$HVA�]dFnm�FV]`[�i�HSA�C-D1EGFGHcILKNM�O�Q
HSA�CTEVUWOYXYZY[�K�U^]`_aFTk�¨
C}HBHSA�C�[�C}HcA�CNK�HgK�b�FVO�EVb(CaXb9Z�HSA�CcCT[�i6]d[!Cgb(Cg©�ªa« ¬�­¯®°©�±y²¥¬S®´³>® ©�µ�²�¶p·9®�McA�CaEGC$©�±y²¥¬0]`F�HSA�CJK�UWO6m�[9H�O�Q�A�CNK�HnK\b�FVO6EGb�CTX#b9Z�HSA!CCa[!i6]d[�CcQ�EVO�U¸HSA�CgA�O�H�EVCTFVCaEtj6O6]`E�K�[!Xe©�µ)²¥¶�·�HVA�ChK\U^O6m![�H�O�Q0A�CNK\HnEVCTIdCNK\FVCaXWHSO�HSA�CJ_aO6I`X^EGCaFVCTEGj�O6]dETk@BA�C�CT[�i6]`[�C�X�O�CaFRM�O6EG�u¹{« ªTº�McA�]d_fA�]`FR[�CTi9K\HS]�j6C�b(Ca_aK�m�FGCB[�Cai9K�HS]`j�CnM�O6EV��]dF,X�O6[�C�»�¼$HVA�C�CT[�i6]d[!C



K�[�X HSA�]`FcEVCaX!m�_aCTFhHSA�C�]d[9HVCaEV[�K�IsCa[�CTEVi�Z O�Q,HSA�C�Ca[!i6]d[�C\kc½YO#¹ ­¸³$¹{« ªTº�kBlnCa_aK�m�FGC�HSA!C�CT[�i6]d[!Ci6O�CaFgHSA�EGO6m�i6A�K#_}Z�_aIdC\z�HVA�Cu]d[!]`HS]dK�IsK�[!X�D1[1K�I&Ca[�CTEVi6]`CaF-K\EVC�HVA�CuFVK�U^C�K�[�X�¾�¿BÀÁªa¬�­ � k$½YOeHSA!CD1EGFGHgILKNM�b�CT_aO6UWCaF
¾W¿BÀÁªT¬
­�©ÃÂ�¹ ­ � ­�Ä ©�ªa« ¬�­�³$¹ ­Å¹{« ªaº ¡ ��¢

½YO#HVA�C�M�O6EV� X�O6[!Cub9ZvHVA�CuCa[!i6]d[�C�CaÆ�m1K�I`FhHSA!Cu[�CTH$A�CNK\HJHSEVK�[�FGQ�CTEVEGCaX{HSO#HVA�C�CT[�i6]`[�C�k$��[{O\HSA�CTEM�O6EVX�F ¹�«)ªaºB­£®°©�±y²¥¬f®�³Ç® ©�µ�²�¶p·6® ¡¥¤ ¢
@BA�C-HSA�CTEVU^K�I�C}È^_T]dCT[�_TZqÉ�O�Q,K�A�CNK�HcCa[�i6]`[�C-]dFnX�CTD1[!CaX�K\F�HSA�C-EVK\HS]`O�O�Q
HSA�C-[�C}HcMnO6EG�#X�O�[�Cb9Z^HVA�ChCT[�i6]`[�CgHVO�©�±}² ¬�zYHVA�ChA�CaK\HBK\b�FVO6EGb�CTX#Q�EVO�U£HVA�ChA!]di6AWHSCaUWr(CaESK�HSm�EGCJEGCaFVCTEGj�O6]dE�X!m�EV]`[�i�O6[!C_TZ�_TIdC�Ê

Éh­ ¹{« ªTº® ©�±y²¥¬f® ­ ®°©�±}² ¬f®�³Å®°©�µ�²�¶�·6®® ©�±y²¥¬V® ­ � ³ ® ©�µ�²�¶p·�®©�±y²¥¬S® ¡ ¦ ¢
@BA�]`[��^O\Q
CTÈW_a]`Ca[�_}Z�K�FnHVA�C$EVK\HS]`OuO�QsMcA1K\HnZ6O6m�i9K\]d[�¡ËMnO6EG�Y­�¹{« ªTº ¢ HSO�McA1K\H�Z�O6m�i6]`j�C�¡y® ©�±y²¥¬V® ¢ kÌJO\HS]d_TCWHVA1K\H�HSA�C^CTÈW_a]`Ca[�_}Z?É
Í � k � r(CaEtQ�Ca_}H�Ca[�i�]d[�CWA1K�F ���6�9Î C}È^_T]dCT[�_TZ�z�]¥kpC�k�z�Éq­ � k ��[K#r(CaEtQ�Ca_THhCa[�i�]d[�C�K�IdIsHSA!C�A�CaK\H-K�b!FVO6EGb�CTX�Q�EVO6U§HSA!C�A�]`i6AvHVCaUWr�CTESK\HVm�EVC�EVCaFGCaEtj6O6]`Eh]dFJ_aO6[9j�CaEGHVCaX]d[9HVO�M�O6EG��K�[�X [�O�A�CNK�HJ]`FBEVCTIdCNK\FVCaXqHSO�HSA!C�_TO6IdXqEGCaFVCTEGj�O6]dETz1]¥kpC�k�z.¹�«)ªaº�­Å©�±}² ¬´k

hot

hot

eng

eng hot

T

Perfect Engine

engine
W

W     = |Q    |

|Q    |

Ï-CaI�jY]`[�opFcQ�O�EVUum�IdK\HS]`O6[eO�Q&HSA!C�FGCa_TO6[�X�IdK�M�O�Q,HSA�CTEVUWOYX!Z�[1K\U^]`_aFBFGHSK\HSCTFgHVA1K\Hg'Ë�^' *�')=>���(*N*N'�ÐRÑ�����>�6���&*T��	��&���W������	�;������^�&���!�^���&%(')�&�.ÒÓe�9Ô(��	�*N')Ð,Ñ��v�1�&23Õ}	�	��9Ô(��	\*a')Ð,Ñ)� Ö�	����6�Y*a*a��*�hKNj6C Z6O6m�CTj�CaEWIdCTH�HVA�Cq_NK\HWO�QJHSA�C b1K�i5K�[�X�HSO6I`X�FVO6UWCaO6[!CvK�FVCT_aEGCTHy×Ø@BA�CaEGC�opF#[�O�MnK�ZZ6O�mÙ_NK\[�HfK\��C b1K�_f�?McA1K\HWZ6O�mÙFSK\]dX�k�Ú�O6m�_NK�[�oÛH^CaESK\FVCqHSA�CT]dE���[�O�McIdCaX!i6CvO\QhHSA!CvFGCa_aEGCTHak3��[FVO�U^C�_aEGm�X�CWFVCT[�FVC\z�IdC}HVHS]`[�i�HSA�C�_aK\H�O6m!H�O�Q�HVA�CWb1K�i ]dF�K�[5]dEVEGCTj�CaEVFG]db�I`C�r�EVO�_aCTFVFak#��[5HVCaEVUWF�O�Qr�A9Z�FV]`_aFaz(K�	��9Ô���	�*N'�ÐRÑ��Wr�EVO�_aCTFVFc]dFBO6[!C$Q�O6E�McA�]d_fA�HVA�C�FGZ�FGHVCaU§]dFB]`[�CaÆ�m�]`Id]db!EV]dm!U¯C}j6CTEGZqFGHVCar O�QHSA!C�MnKNZ6k�@BA�C�FGZ�FGHVCaUÜ_NK\[vb(C�EVCTHVm�EV[!CaXqHSOW]`HSFB]`[�]`HV]LK�I(FGHSK\HSC�b9Z�EGCTHSEVK�_a]`[�i�]`HVFBFGHSCTr�FJK�IdO6[!iuHSA�]`FEVC}j6CTEVFV]`b�IdC�r1K\HVA�k � [�'�	�	��9Ô(��	\*a')Ð,Ñ)�Wr�EGOY_TCaFVFJ]dFgO6[�C-HSA�K\HhX!OYCTFV[�oÛHhFVK\HS]`FGQËZ�HVA�CaFGC�EVCTÆ�m�]dEGCaUWCa[9HSFTkÝvO6FtH�[1K\HSm!ESK�I�r�EGOY_TCaFGFVCaF�K�EVC�]`EVEVC}j6CTEVFV]`b�IdC\kWw.O�E-C}x!K�UWr�IdC\z&]�Q�Z�O6m5IdCTH�K�]`E$O6m!H�O�QnKqb1K�IdI`OYO�[�z�]`H[�C}j6CaE�FGr�O�[�HSK�[�CTO6m�FVI�Z?EGCTHSm!EV[�FuHVO
D1IdI�m�r?HVA�C�b1K�I`IdO�O6[�k
�-E�]`QBZ6O�m�r�O6m!EuU^]`Id��]`[9HSO�_TO�Þ0CTC�z�]`Hi6C}HSFnUW]�xYCTX^Mc]`HVA^HVA�Ch_TO�Þ0CTC�k�@BA�CJU^]`Id��[�CTj�CaE�FGCar1K�EVK\HSCTF�O6m!H�Q�EVO�U¸HSA�CJ_aO�Þ�CaChK�F�K�Id]`HGHSI`C�McA�]`HVCr(OYO6I k
¤



ßgC}j6CTEVFV]`b�IdCqr�EGOY_TCaFGFVCaFWHSCT[�X�HVO�r�EVO�_aCTCaX�j�CaEtZ�FVIdO�McI�Z?FV]`[�_aC�Z�O6m�A�K�j�C HVO�U#K�]`[9HfK�]`[?CaÆ�m�]áàId]`b�EV]`m�U ¡)O6E�Æ�m1K�FG]�à�CaÆ�m�]dI`]db�EG]dm�U ¢ K\H�CTj�CaEGZ�FtHSCTr3K�I`O6[�i�HSA!CqMnKNZ6k�½YO5]`QcZ6O�m�_TO6U^r!EVCaFGF#K{i9K\FEVC}j6CTEVFV]`b�I`ZWMc]`HVAeK�r!]dFGHVO6[�z�Z6O6m�_aK�[e]`U#K�i�]d[�CcX�O6]`[�i�]�Hnb9Z^X�EVO�r�r�]d[!i�i6EVK�]d[�F�O�Q
FVK�[�XeO6[!C$b9Z#O6[!CO6[9HSO�HVA�C�r�]dFtHSO6[�k ���!	\�
�1�W"-�&%(')�&�@BA�C�UWO6FGH�C}ÈW_a]dCT[9H�Ca[�i�]d[�C#Z�O6m�_NK�[�A�K�j�C�]dF�K�â�K�EV[�O\H�Ca[�i�]d[�C\k5@BA!Cqâ�K�EV[!O�H�_TZ�_TIdC�]dF�KEVC}j6CTEVFV]`b�IdCg_TZ�_TIdCgEVm�[^b�C}H�MnCTCa[qK�A�O�H�K�[�X#K�_TO6IdXWEVCTFVCaEtj6O6]`Eak�@&O�]`IdIdm!FGHSEVK\HSC�K�â�K�EG[�O�H�_TZ�_aI`C�z�IdC}HNopFK�FGFVm�UWCWHVA1K\H�MnC^A1KNj6C#K�[>]`X�CNK�I�i6K�F�_TO6[9HfK�]`[�CaX�]d[�K _}Z�Id]d[!X�CaE�Mc]`HVA>K U^O�j\K�b�I`C�r�]dFtHSO6[�k#@BA�Câ�K�EG[�O�HgCa[�i�]d[�C$HVA�Ca[ i6O�CaFBHSA�EGO6m�i6A K�_TZ�_aI`C�_aO6[�FG]dFtHS]d[!iWO\QRã�FGHVCar�FTz(K�IdI�r(CaEtQ�O6EVUWCaXqEGCTj6CTEVFG]db�I�Z6k
ä @BA�C�r�EGOY_TCaFVF � ³�å lÃ]dFcK�[ ]dFGO�HSA!CaEVU^K�I�CyxYr1K�[�FG]dO6[vK\HcHSCTU^r(CaEVK\HSm�EGC-æ0±y²¥¬,]d[�McA�]`_fAvHSA!Ci9K\Fn]dF�r�ILK\_aCaX�]`[#HSA!CaEVU^K�I(_aO6[9HSK�_TH�Mc]�HSA�K\[eCa[�CTEVi�Z#EVCTFVCaEtj6O6]`EBK\H�HSCaUWr(CaESK�HSm�EGChæ0±y²¥¬�k�@BA�Ci9K\F�K�b�FGO6EVb�FRCa[�CTEVi�Zu©�±y²¥¬1Q�EGO6UçHVA�C�EGCaFVCTEGj�O6]dE�K�[!X�C}xYr1K�[�X!Fak���[�C}xYr1K\[�X�]d[!i�z6]`HRX�O�CaFRM�O6EV�¹{è�é5b�ZeESK�]`FV]d[!iuHSA�C�r�]`FGHSO�[�k
ä ��[eHVA�Chr�EGOY_TCaFGFclÅ³�å âhzYHSA!C$b1K�FGC$O�QsHSA!C$_TZ�Id]`[�X�CTE�HSA!CaEVU^K�I`I`Z�]`[�FVm�IdK\HSCTX�K�[�X^HSA�C$i6K�Fn]`FK�I`IdO�M�CaXeHSO�CyxYr1K�[�XvK�X�]dK�b1K\HV]d_NK\IdI`Zq¡ ©ê­ �6¢ k�ÌJO�A�CaK\Hc]dF�HSESK\[�FGQ�CTEVEVCTX�k���[qC}xYr1K�[�X!]d[�i�HSA!Ci9K\F�X�O�CaF�MnO�EV��¹5é.ëÙ]`[�EVK�]dFG]d[�iqHSA!C^r�]`FGHVO6[�k�@BA�CWHSCaUWr(CaESK�HSm�EGC^O�QnHSA�C^i9K�F�Q)K�IdI`F$Q�EVO6Uæ�±y²¥¬,HVO�æ0µ�²�¶p·�k
ä ��[�HVA�C�]dFGO�HSA�CTEVU^K�I&r�EVO�_aCTFVF�â¸³�å ìuz.HSA!C�i9K�F$]`Fhr�IdK�_aCTX{]d[�HSA!CaEVU^K�I&_aO6[9HSK�_TH-Mc]�HSA�HSA!CEGCaFVCTEGj�O6]dE�K\H,HSCTU^r(CaEVK\HSm�EGCnæ�µ)²¥¶�·�K�[�X�]`FR]dFGO�HSA!CaEVU^K�I`I`Z�_aO�U^r�EGCaFGFVCaX0k���H�HSEVK�[�FGQ�CTE�A�CaK\H�©�µ�²�¶p·HVO�HVA�C�EVCTFVCaEtj6O6]`EgK�[�XqHSA�C-M�O6EV�eX!O6[�C�O6[qHSA�C�i9K�FB]`FJ¹5ë1ínk
ä ��[-HSA!C�D�[1K�I9K�X!]LK�b1K�HS]d_Rr�EVO�_aCTFVF&ì7³0å � zTHSA�C�b1K�FGC�O�Q�HSA�C�_TZ�I`]d[�X�CTEs]dF0HVA�CaEGU#K\IdI`ZJ]d[!FVm�IdK\HSCTXHVO�r�EVC}j6Ca[9HJA�CNK�H�HSEVK�[�FGQ�CTEcK�[�X�HSA!C-i9K�F�]`F�_aO6UWr�EGCaFVFGCaXvK�X�]dK�b1K\HV]d_NK\IdI`Z�k,@BA!C$HSCaUWr(CaESK�HSm�EGCO�Q�HVA�C�i9K�Fh]d[�_TEVCNK\FVCaFJQ�EVO6UÜæ0µ�²�¶p·-HSOeæ�±y²¥¬�zsK�[!X�HSA�C�M�O6EG�
X�O6[!C�O6[
HSA!C�i9K�F$]`F-¹�í�è,k�l�ZHVA�C�Ca[�X O�Q&HSA�]`FBr�EVO�_aCTFVFaz1M�C�K\EVC�b1K�_f�#HVO�McA�CaEGC�M�C�FtHfK�EtHSCTX�z1[1K�UWCaI�ZeFGHSK\HSC � k

��QRM�C�r�IdO\HBHSA�C�â�K�EG[�O�Hc_TZ�_TIdC�O6[vKWî�ïçX�]dK�i6ESK\UvzY]`HBI`OYO6��FBI`]d��C$HVA�]dFTÊ

eng
W

P

V

T

A

B

C

hot
Q

Q

D

cold
T

hot

cold

@BA�C�MnO�EV�q¹{« ªTºhX�O�[�C�b�Z�HVA�C�Ca[�i�]d[�C-_TO6EVEGCaFVr(O6[�X!FgHVO�HVA�C�K�EVCaKWCT[�_aI`O6FVCTXvb9Z�HVA�C�_am�Etj6C�k
¹{« ªTºc­�ð è!ñcé(ñcë1ñcísñBè�ò.ó�ô ¡)ã ¢

¦



l�Z�CT[�CaEGi�Zq_aO�[�FVCTEGj\K\HS]`O6[�z ¹�«)ªaºB­£®°©�±y²¥¬f®�³Ç® ©�µ�²�¶p·6® ¡¥õ ¢
½Y]`[�_aC�M�C�FGHSK�EGH-K\H$FtHfK\HVC � K�[�X�M�CuCa[!X�K�H-FGHSK\HSC � z�HVA�CaEGCu]dF$[!O�[�CTH-_fA�K�[�i6C�]`[
HSA�C�]d[9HSCTEV[1K�ICa[!CaEVi\Z ¾W¿BÀÁªT¬s­ � k��HcHSm�EG[�FcO6m!HcHSA1K�HBQ�O6EcKWâ�K�EV[�O\HJ_}Z�_aIdC

® ©�µ�²�¶p·�®® ©�±y²¥¬S® ­ æ�µ�²�¶p·æ�±}² ¬ ¡ ö ¢
Ú�O6m{_aK�[{jY]`CTMçHSA�]`F-K�F$MnKNZ{O�Q�X�CTD�[�]d[�iqK\b�FVO6I`m!HSC�HSCaUWr(CaESK�HSm�EGC�zs]¥kpC�k�z0HVCaUWr�CTESK\HVm�EVCuUWCNK\FVm�EGCaX]d[eÏ�CTI`j�]d[0kR÷>ChC}xYr�Id]`_a]�HSI`Z�r!EVO�j6C$HVA�]dF�EGCaIdK\HS]`O6[WQ�O�EBK�[e]`X�CNK�I�i9K�F�]d[#HVA�C�K�r�r(Ca[�X!]�x�k�÷>Ch_NK�[�m�FGCCaÆ.kJ¡ ö ¢ HSOW_aO6UWr�m!HVC$HSA�C�CTÈW_T]dCa[!_TZqO�Q&HSA�C�CT[�i6]d[!C�Ê

Éh­ � ³ ®°©�µ�²�¶�·6®®°©�±}² ¬S® ­ � ³ æ0µ�²�¶p·æ�±y²¥¬ ¡ ��¢
w1EVO6U�HSA�]`F�CTÆ�m1K\HS]`O6[^M�CgFVCaCgHSA1K�H�K�I`I.â�K�EG[�O�H�Ca[�i6]`[�CaF�O6r(CaEVK\HS]`[�i�b�C}H�MnCTCa[eHSA!CJFVK�U^CJ¤-HSCaUWr(CaEtàK\HVm�EVCTF�Mc]dI`I.A1KNj6ChHVA�C$FSK\U^CgCTÈW_a]`Ca[�_}Z6z�]`[�X�CTr�CT[�X�Ca[9HBO\QsHSA�CJX�CTHSK�]dI`F�O�Q0HSA�CJCa[�i6]`[�CaFTk��hQ
_aO6m�EGFVC\zZ6O�mqM�O6m�I`X�[�oÛHBM�K\[�HcHVO�b�m!ZqK�â�K�EG[�O�HcCT[�i6]d[!C-b�CT_NK�m�FGC�]`HBEGm�[�F�j6CTEGZ�z�j6CaEtZqFVI`O�McI�Z6k���[qO6EGX�CaE�HVOU^K���C-FGm�EVC-HSA�K\Hc]`Hao�FBK\I`MnK�Z�Fc]d[�CTÆ�m�]dI`]db�EG]dm�U z�CTj6CTEGZ�HSA!]d[�iWA1K�r�r(Ca[!Fcj�CaEtZ�FVI`O�McI�Z6k�w1O6E�Cyx!K�U^r!IdC�zMcA�CT[vM�C�_TO6U^r!EVCaFGFBHSA�C�i9K�FTz�MnC�X�OWFVOWb9ZqX�EVO6r!r�]d[�i�i6EVK�]d[!FBO�QRFVK�[�XvO6[�HSA�C�r�]dFtHSO6[qO6[!C�i�ESK�]`[K\HgK�HS]`U^C\køRù�ú�ûhü(ýdþ}Ê�ÿ$m�]`� ��� kÁ¤�@BA�EVCTC�CT[�i6]d[!CaFgO6r�CTESK\HVC�b(CTH�M�CaCT[{EVCTFVCaEtj6O6]`EVFJFVCar�K�ESK\HVCaX�]`[ HVCaUWr�CTESK�àHSm!EVC�b9Zq¦ �6� Ï�k1@BA�C�EVCTFVCaEtj6O6]`EBHSCaUWr(CaESK�HSm�EGCaFgK�EVC�K�FBQ�O6I`IdO�McFaÊ��[�i6]`[�C � Ê�æ�±y²¥¬�­ ���6�6� Ï�z�æ�µ�²�¶�·h­ ����� Ï��[�i6]`[�C�lhÊ�æ�±y²¥¬�­ �6�6� Ï�z�æ0µ�²�¶p·h­¸õ �6� Ï��[�i6]`[�C�âhÊ�æ�±}² ¬�­ ö �6� Ï�zYæ0µ�²�¶p·-­ç¦ �6� Ï
ßgK�[��#HVA�C�Ca[�i6]`[�CaFc]`[ O�EVX�CTEBO�Q,HVA�CaO�EVCTHV]d_aK�IdI�Z#r(O6FVFG]db�I`C-CTÈW_a]`Ca[�_}Z6z1Q�EVO�U A�]`i6A�CaFtHcHSO�IdO�M�CaFGHak� FGFVm�UWCnHSA!CnCa[!i6]d[�CTF�K�EGC�â�K\EV[�O�HRCa[�i�]d[�CTF,HSOJi6CTH,HSA�C�b�CTFGH,HSA�CTO6EVC}HS]d_aK�IdI�Z-r(O6FVFG]db�I`C�C}È^_T]dCT[�_TZ�k@,K���CeHVA�C#EVK\HS]`O6F�æ�µ�²�¶�·���æ0±y²¥¬�k
@BA�CeFVU^K�I`IdCaFtH�EVK\HS]`O
_TO6EVEGCaFVr(O6[�X!F�HSO
HVA�CeUWO6FGH�CTÈW_a]`Ca[9H�CT[�i6]d[!Cb(Ca_NK\m�FVC�HSA�C�C}È^_T]dCT[�_TZ Éh­ � ³?æ0µ�²�¶p·���æ�±y²¥¬�k�½YO��[�i6]`[�C � Ê�æ�µ�²�¶p·���æ0±y²¥¬�­ � k � z.Éh­ ��� ¦!z�I`CNK�FtHgCTÈW_a]`Ca[9HNk��[�i6]`[�C�lhÊ�æ�µ�²�¶�·���æ0±y²¥¬�­ � k�ö9¤6õ�z1É$­ ��� ¦ � õ��[�i6]`[�C�âhÊ�æ�µ)²¥¶�·���æ�±y²¥¬R­ � k õYz1É$­ ��� õYz1U^O�FGHcCTÈW_T]dCa[9H
÷>C�K�EVC�m�FGCaX
HVO#i9K�FGO6Id]`[�C�r�O�M�CaEGCaX{Ca[!i6]d[�CTFJ]`[vO�m�EJ_aK�Eaz(FGHVCNK�UÜCT[�i6]d[!CaFaz([�m�_aI`CNK�Egr(O�M�CaEGCaXi6CT[�CaEVK\HSO6EGFaz�C}HS_\kn�$[�C$H�Z�r(C�O�Q&Ca[�i6]`[�C$Z6O�m U^KNZe[�O\Hcb�C�KNMnK�EVC-O�Q&]`FcKuFVO6I`]dXeFtHfK\HVC�CT[�i6]`[�ChMc]`HVA[�O{UWO�jY]`[�i�r1K\EGHSFTk���QgZ�O6m�HfK��\CqK�b1K�EuO\QgK�U^C}HfK�I�O6EuK�FGCaUW]d_aO�[�X�m�_}HSO6ETz�A�CNK\H�O�[�CeCa[!X�K\[�X_aO�O6I0HVA�C�O�HSA!CaEaz�Z�O6m
_aK�[ i6CTHcCTIdCa_}HSEGO6[�FBHSO�~1O�MÅQ�EGO6U HVA�C�A�O�HgCa[�XqHSO�HVA�C�_TO6IdXqCT[�X
K\[�X HVA�CaFGCCaI`Ca_}HSEVO�[�FcX�O�MnO6EG�.k

ã



R

hot

cold

ve L

½YO6I`]dX5FGHSK\HSC^Ca[�i6]`[�CaF�K�EVCWm�FGCaX�]d[5X�CTCar�FVr�K�_aCer!EVO6b(CaF�McA�CaEGC#UWO�j�]`[�i
r1K\EGHSF�M�O6m�IdX�MnCaK�E�O6mYHK\QËHVCaEcK�Q�CTMÅZ�CNK�EGFak�@BA�C�A�CNK�HJFGO6m�EG_aC�_NK�[ b(C�K�EVK�X�]dO6K�_THV]`j6C-FGm�b�FtHfK�[�_TC�I`]d�\C-r�Idm!HVO6[�]`m�UvkÓe��;�	�'�%.��	��!�N�(	�*�JCaK\H�~1O�McF�[1K�HSm�EVK�IdI�Z�Q�EGO6U¸K�A�O�H�EGCaFVCTEGj�O6]dE�HSO�K-_aO6I`X�EVCaFGCaEtj6O6]`Eak���Q(MnCcM�K\[�H�HVO�EGCTj6CTEVFGCJHSA!CX�]`EVCa_}HS]`O6[�O�Q(~1O�M�z�M�Ccm�FVCJK-EVCTQ�EG]di6CTESK\HVO6Eak � [^K�]`E�_aO6[!X�]`HV]dO6[�CTE�]dF�K�[�Cyx�K\U^r�I`CBO�Q0K�EGCTQ�EG]di6CTESK\HVO6Eak÷�CuM�K�[9H�HSOqEGCaUWO�j�C�A�O�H�K�]`EhQ�EVO�U ]d[!FV]dX!C�HSA�C�A!O6m�FVCWK�[!X5X!m�U^r�]�H-O6m!HVFV]dX!CuHSA�C�A�O�m�FVC\k�@BA�CO6m!HVFV]`X�C�]dFBA�O�HGHSCTE�HSA1K�[qHSA!C�]`[�FV]`X�C�k� EVCTQ�EG]di6CTESK\HVO6E�]`F,|Gm�FGHJK�A�CNK�HJCT[�i6]`[�C�EVm�[ ]d[�EGCTj6CTEVFGC�k

T

T

frig

cold

hot

hot

cold

hot

W

|Q   |

|Q     |

Real Refrigerator  |Q   | = |Q     | + W
cold��[�CaEGi�Z�®°©�µ�²�¶p·6®Y]`FcK�b�FGO6EVb(CaX Q�EVO6U HVA�C�_aO6I`XvEGCaFGCaEGj�O6]dEgK�[!XvM�O6EV� ¹ ]dFcX�O6[�C�]`[vX�m!U^r�]`[�i�A�CNK�H®°©�±y²¥¬S®�]d[9HVOuHSA�C�A�]`i6A�HSCaUWr(CaESK�HSm�EGC�EGCaFGCaEGj�O6]dETk�l�Z�Ca[!CaEVi\Z�_aO6[!FVCaEtj\K\HS]`O6[�z

® ©�±y²¥¬f®\­ ®°©�µ�²�¶�·6®TÂ�¹ ¡ �6¢
@BA�C�r�m�EGr�O6FGC�O\Q�K�EVC}Q�EV]di�CaESK�HSO6E�]`FBHSO�_aO�O6IsFVO�U^C}HSA�]`[�i�X�O�Mc[�k�@BA!C�O6r(CaEVK\HS]`O6[qO�QRKWA�CaK\Hgr�m�UWr]dFJHSA�C�FSK\U^C�K\F$HSA1K\H�O\QnK�EGCTQ�EV]`i6CaEVK\HSO�Eaz0b!m!H-HSA�C�i�O9K�I�]`FhHSO�A�CaK\H�m�r5FVO6UWCTHVA�]d[!ieb9Z{X�m�UWr�]d[!iHSA!CuA�CNK�H#®°©�±y²¥¬f®�]`[9HSO#]�HNk$½YOe]`Q�]�Hh]`Fh_TO6IdX�O�m!HSFG]dX�C\z�K�[�XvZ6O6m�MnK�[9H$HSO#A�CNK\HhZ6O6m�EhA�O6m�FGC�Mc]`HVA{KA�CaK\H�r�m�UWr�z�HSA�CT[5HVA�C�A�CNK�H�r!m�U^r�r�m!U^r�F-A!CNK\H�Q�EVO�U HSA!CWO�m!HSFG]dX�C ¡�_aO6I`X5EGCaFGCaEGj�O6]dE ¢ ]d[9HSO�HSA!C]d[!FV]dX!C-O�Q,HVA�C�A�O6m�FGCe¡�A�O�HcEGCaFVCTEGj�O6]dE ¢ k

õ



ßJK�HSA�CTEcHVA1K�[vCTÈW_a]`Ca[�_}Z6z.MnC�HfK�I`�eK�b(O6m!HcHVA�C�_TOYC}ÈW_a]dCT[9HhO�Q,r(CaEGQ�O�EVU^K�[�_aC^¡ âB��î ¢ O�Q�EGCTQ�EG]di\àCaEVK\HSO�EVFJK�[�X
A!CNK\HJr�m�UWr�Fakn@BA�C�_TOYC}È^_T]dCT[�HhO�Q�r(CaEtQ�O6EVU^K�[�_TC-Q�O6EhK�EVC}Q�EV]`i6CaEVK\HSO6Ec]`FcHVA�C�ESK\HV]dO�O�QHSA!C�A!CNK\HgEVCTU^O�j�CaXqQ�EVO6U HVA�C�_aO6I`XqEVCaFGCaEtj6O6]`EcHVO�HSA�C-M�O6EV�eX!O6[�C�Ê
âB�-îJ¡�EVC}Q�EV]di�CaESK�HSO6E ¢ ­ ®°©�µ�²�¶p·6®¹ ¡
	 ¢

@BA�C�b�]di�i6CaEnHVA�C�âB�-î,z�HSA!C�b(CTHGHSCTEcHVA�C�EVC}Q�EV]di�CaESK�HSO6ETk�@BA�C�âB��î�]dF�HSA!C�D�i6m�EVC�O�Q,UWCaEV]�HNk� r�CTEGQ�Ca_}H�EVCTQ�EG]di6CTESK\HVO6E-_aO�m�IdX�X�OqHSA�C�A�CaK\H�HSEVK�[�FGQ�CTE-Mc]`HSA!O6m!H�X�O6]`[�i K�[9Z�M�O6EV��¡ ¹ ­ �9¢ k@BA�]`FqM�O6m�I`XÃ_aO6EGEVCaFGr�O�[�X�HVO�K�âB�-î�­��Åk l�m!H ]`H�]`F�]dUWr�O6FGFV]`b�IdC
Q�O�E�A�CNK\H�HVO�~�O�M Q�EVO6U K_aO�IdX�EGCaFVCTEGj�O6]dEhHVO�K#A�O\H-EVCTFVCaEtj6O6]`EhMc]`HVA�O6m!HhX�O6]`[�ieK�[9ZvMnO6EG�.k-@BA�]dF$I`CNK�X!Fhm�FhHVO#HSA!C�ânILK�m!FV]dm!FQ�O6EGUum�ILK�HS]dO�[WO\QsHSA�CJFVCa_TO6[�X�IdK�MÃO\QsHSA�CTEVUWOYX!Z�[1K\U^]`_aF�McA�]d_fAeFtHfK\HVCaFnHVA1K\H�'���' *�' =�����*a*N')Ð,Ñ��^���=>��
.�v������	�;������#	���;�	�'�%(��	��!���.	�k
T

T

frig

Perfect Refrigerator 

hot

cold

|Q|

|Q|

@BA�CBb(CaFGH�EGCTQ�EG]di6CTESK\HVO6E&M�CB_NK\[�U#K��\C�]dFRO6[�C�m�FG]d[�iJHSA�Cgâ�K�EG[�O�H�_}Z�_aIdC\k���m�FtH�HfK��\C�HSA�CBâ�K�EV[�O\HCa[!i6]d[�CgK�[!X#EVm![^]�H�]d[WEVCTj�CaEGFVCJHVO�i�CTH�K�EGCTQ�EG]di6CTESK\HVO6EakRw.O�E�K�â�K�EG[�O�H�EVC}Q�EV]di�CaESK�HSO6E�HVA�Cc_aO�CTÈW_a]`Ca[9HO�Q,r�CTEGQ�O6EGU#K\[�_aC-]`F
âB�-îg¡¥â�K�EG[�O�H�EVC}Q�EV]`i6CaEVK\HSO6E ¢ ­ ® ©�µ�²�¶p·6®® ©�±y²¥¬S®�³�®°©�µ)²¥¶�·6® ­ ® æ0µ�²�¶p·�®® æ0±y²¥¬V®�³Ç® æ�µ)²¥¶�·6® ¡ ���9¢

�JCTEVC�M�Cvm�FGCaX�CaÆ.k�¡ ö ¢ McA�]`_fA�HVCaIdI`Fum�F�HSA�K\H�HSA�CqA�CaK\HWESK\HV]dO{CaÆ�m1K\IdF�HSA�C�HVCaUWr�CTESK\HVm�EVC�EVK\HS]`O®°©�±y²¥¬S®��(®°©�µ�²�¶�·6®\­Ãæ0±y²¥¬���æ0µ�²�¶p·�kw1O6EhKWA�CNK�H$r�m�UWr
M�C�_aK�EVC�K�b�O�m!HJHVA�C�A!CNK\H$©�±y²¥¬�X!m�U^r(CaX
]d[9HSOWHSA�C�A�O�HJEVCaFGCaEtj6O6]`Eaz0FGO#HSA!C_aO�CTÈW_T]dCa[9HgO�Q,r�CTEGQ�O6EGU#K\[�_aC-Q�O6EcK�A�CaK\Hgr�m�UWr ]`F�HSA�C�EVK\HS]`O�O�QJ® ©�±y²¥¬f®9HVO�HSA�C-M�O6EV�q¹ X�O6[�C\Ê
âB�-îg¡)A�CaK\H�r�m�UWr ¢ ­ ® ©�±y²¥¬f®¹ ¡ �6��¢

ö



@BA�C�U^O�FGHcCTÈW_T]dCa[9HgA�CaK\Hgr�m�UWr ]`FBO6[�C-HSA�K\Hcm�FVCTFhK^â�K�EG[�O�Hc_TZ�_TIdC�k���[qHSA1K�HJ_aK�FVC
âB�-îJ¡ â�K�EV[!O�H�A�CNK\H�r�m!U^r ¢ ­ æ�±}² ¬æ0±y²¥¬�³>æ�µ)²¥¶�· ¡ � ¤ ¢

øRù�ú�ûhü(ýdþ}Ê���Q,KuEVCTQ�EG]di6CTESK\HVO6E�]dF�b(C$U^K�]d[9HfK\]d[�CTXeK\H-³J¦ ² âhz�K�[�XeHSA!C-O6m!HSFG]dX�C$K�]dE�]dFBK�Hg¤ � ² âhzMcA1K\H�U^]`[�]dUum!U K�UWO6m�[9H�O�QsM�O6EG�#A1K�F�HSOub(C$X�O6[!ChHSOuEGCaUWO�j6C-Kg|GO6m!IdCgO�Q
A�CNK�H�Q�EVO6U¯]d[!FV]dX!CJHSA!CEVC}Q�EV]`i6CaEVK\HSO6ES×@BA�C�UW]d[�]`Uum�UÜK�UWO6m�[9H$O\Q�MnO6EG�vMc]`IdI
b�C�X�O6[�Cub9ZvHSA�CuUWO6FtH$CTÈW_T]dCa[9H�EGCTQ�EV]`i6CaEVK\HSO�Eak$@BA1K�H]dFcKWâ�K�EG[�O�HgEVC}Q�EV]`i6CaEVK\HSO6ETk�w1O6EcKWâ�K�EV[!O�HgEVCTQ�EG]di6CTESK\HVO6Eaz&®°©�±y²¥¬f®��(® ©�µ�²�¶p·�®\­ æ�±y²¥¬
��æ�µ�²�¶�·gO6Eu® ©�±y²¥¬f®\­¡�æ�±y²¥¬
��æ�µ�²�¶�· ¢ ®°©�µ�²�¶p·6®6K�[!X#MnCJ��[�O�M HVA1K\H�®°©�µ�²�¶�·6®6­ � ��O�m�IdC\k�@BA�CJM�O6EG�WX!O6[�Chb9ZWHSA�CgEVC}Q�EV]`i6CaEVK\HSO6E]dF ¹�����À ºc­£® ©�±y²¥¬f®N³Ç®°©�µ)²¥¶�·6®\­ æ�±y²¥¬æ�µ�²�¶p· ®°©�µ)²¥¶�·6®�³Å® ©�µ�²�¶p·6®�­�� æ0±y²¥¬æ�µ)²¥¶�· ³ ��� ® ©�µ�²�¶p·�® � ¡ � ¦ ¢
ânO6[9j6CTEGHV]d[�i�HSA�C-HVCaUWr�CTESK\HVm�EVCTFcHVOWÏ�CTI`j�]d[�¡Ëæ0µ�²�¶p·�­ç³h¦ ² â�­ ¤ ��� Ï�K�[�Xqæ0±y²¥¬�­Å¤ � ² â ­ ¦ ���Ï ¢ z!M�C�D1[�X
¹�����ÀÁºB­ �����6� �!k "-����	��.�0/@BA�C���C}Z{_aO6[!_aCarYH�b�CTA�]d[�X{HVA�C�FVCT_aO6[�X�IdK�MçO�Q�HVA�CaEGU^O�X!Z�[1K�UW]d_TF$]dF$CT[9HSEVO�r�Z�k�@BA�C�FtZYU�b�O6I� ]dFnm!FVm1K�I`I`ZWm�FGCaX�HSOuX!Ca[�O�HVC-Ca[9HSEGO6r9Z6k�Ú�O6m�oÛj6C-r!EVO6b1K\b�I`ZWA�CaK�EVX�HSA�K\H�CT[�HVEVO6r9Z#]dFBK�UWCNK\FVm�EGC$O�QX�]`FVO6EGX�CaEJK�[�X HSA1K\Hao�FJ_aO6EGEVCT_THNkglnmYHJM�C�opX{Id]`��C-HSO^X�CTD1[!CuCa[9HSEGO6r9Z U^O6EGC�r!EVCa_T]dFGCaI`Z�kg¨
]`��C�Ca[�CTEVi�ZK�[�X�HSCTU^r(CaEVK\HSm�EGC�z�Ca[9HSEGO6r9Z�]dFWK5FtHfK\HVC j\K�EG]LK�b!IdC�z�]¥kpC�k�z�]`H$|Gm�FGH^X�CTr�CT[�X�F#O�[�HVA�CvFtHfK\HVCvO\QhHSA!CFGZ�FtHSCaU z,K�[�X>[!O�H�O6[5]`HSF�A�]`FGHVO6EGZ�kW@BA!CaEVCW]dF�KqU#K\_aEVO�FV_aO�r�]d_�K�[!X>KqU^]`_aEGO6FV_TO6r�]d_�X�CTD1[!]`HS]`O6[�O�QCa[9HVEVO6r9Z6k�@BA�C}Z�HSm�EG[vO6mYHBHSO�b�C�CTÆ�m!]`j\K�IdCT[9HNz!HVA�O6m�i6A ]`Hao�FB[!O�HgO6b9jY]`O6m�FTkwR]dEGFGH�IdC}HNopF�i�O
O�j6CTE�HSA!C^U^K�_aEGO6FV_TO6r�]`_^X�C}D1[�]�HS]dO�[�k#��QcK A�CNK�H�EGCaFVCTEGj�O6]dE�K\H�HSCaUWr(CaESK�HSm�EGCWæK�b�FGO6EVb!FgA!CNK\HJ©�z�HSA�C�Ca[9HVEVO6r9Zq_fA1K�[!i6C�O�QRHVA�C�EVCaFGCaEtj6O6]`Eg]`F

¾ � ­ © æ ¡ � ã ¢
÷�C�_NK�[�McEG]`HSC�HSA�]`F$]d[{X�]�Þ0CTEVCT[�HV]LK�I
Q�O6EGUvk���Q�K#HS]`[�Zvb�]�H-O�Q�A�CNK�H ó © ]dF$K�X�X�CTX�HVOqKeFGZ�FGHVCaU:K�HHSCTU^r(CaEVK\HSm!EVCBæ�z�HVA�CgA�CNK\H�M�O6[�oÛHnEGCNK�I`I`Z�_fA1K�[�i6CgHSA�CBHVCaUWr�CTESK\HVm�EVCgK�[�XWHSA�CgCa[9HVEVO6r9Z�_fA1K�[!i6C ó �O�Q&HSA�C�FtZYFtHSCTU�]`F

ó � ­ ó ©æ ¡ � õ ¢
@BA�]`FhCaÆ�m1K�HS]dO�[
A�O6I`X�FcMcA�Ca[�HVA�C�]`[�]`HV]LK�I�K�[�X
D1[�K�I
FGHfK�HSCaF$K�EVC�]d[vCaÆ�m�]dI`]db�EG]dm�U K�[�X
HVA�C�r!EVO�_aCaFGFO�QRK�X�X�]`[�i�A�CNK�H ó © ]`FJK�EGCTj6CTEVFG]db�I`C�r�EGOY_TCaFGFak���HgHVm�EV[!FJO6mYHgHVA1K\HBHVA�]dFc]dFBr�K�EGHgO�Q&HSA�C�FtHfK\HVCaUWCa[9HO�Q&HSA�C�FGCa_aO�[�X
IdK�M�O�Q&HSA�CTEVUWOYXYZY[�K�U^]`_aFTkRÚ�O6mq_NK�[vK�IdFGO�McEV]`HVC$HSA�]`FcK�F

ó ©Ç­ æ ó � ¡ � ö ¢
@BA�]`F�]`F�K�i6O�OYXWCaÆ�m1K\HV]dO6[�HSO�EVCTU^CTUub�CTEak,��Q�HSA�CgFGZ�FtHSCaU¯i6O�CaF�Q�EVO6U O�[�CJFtHfK\HVCgHVO�K\[�O�HSA!CaE�K�IdO6[!iK�EVCTj�CaEGFV]db!IdCgr1K\HSA0zYFtHfKNZ�]d[�i�]d[WCaÆ�m�]`Id]db!EV]dm!U¸K\H�CNK\_fA^HS]`[9Z�FGHSCTreK�I`O6[�i-HSA!CgMnKNZ6zYHVA�Ca[WHSA�Cg_fA1K�[!i6C]d[qCT[�HVEVO6r9Z�Q�EGO6U HVA�C�]d[�]�HS]LK\I(HVO�HVA�C-D1[1K�IsFtHfK\HVC�]dFBi6]�j6Ca[ b9ZeHSA!C�]`[9HSCai�ESK�I

¾ � ­ ð �À ó � ­ ð �À ó ©æ ¡ ���6¢
�



÷�Cur�m!HJHSA�C�HVCaUWr�CTESK\HVm�EVC�]d[�FG]dX�C�HSA�C�]d[9HSCTi6ESK�I&b(Ca_NK\m�FVCuHVA�C�HSCTU^r(CaEVK\HSm!EVC�U^KNZ _fA1K�[�i6CuK�IdO6[!iHSA!]dFBr1K\HVA�kw1O6E�K�â�K�EG[�O�HB_}Z�_aIdCJHSA�C$CT[9HSEVO�r�Ze_fA1K�[�i6Ch]dF��TCaEVO!Ê�¾ � ­ � k�@BA�]`F�]dF�_aCTEGHfK\]d[�I�ZWHVEVm�CJQ�O6EnHSA!CCa[!i6]d[�CJb�CT_NK�m!FVCh]�HnEGCTHVm�EV[�F�HSO�]�HSF�]d[�]�HS]dK�I�FGHSK\HSChK\QËHSCTE � _TZ�_aI`C�zYK�[�XeCT[�HVEVO6r9Z^]dF�FVO6I`CaI�ZWK�Q�m�[�_}HS]`O6[O�Q&HSA�C-FtHfK\HVC�k�ì$m�EG]d[�i�HVA�C�¤�K�X�]LK\b1K\HS]`_hr1K\EGHSFBO\Q,HVA�C�â�K�EV[!O�Hc_TZ�_aI`C�z.©ê­ � z�FVO^¾ � ­ � X�m!EV]d[!iHSA!CuK�X�]dK�b1K\HV]d_�r�EGOY_TCaFVFGCaFTk�¡ � r�EVO�_aCTFVFhMcA!CaEVCu¾ � ­ � ]dFg_NK\IdIdCTX�K�[
' *T�Y�(��	��(�,')�^r�EGOY_TCaFVFTk ¢ ½YOHSA!C�O6[�I`Z>Ca[9HSEGO6r9Z�_fA1K�[!i6CqOY_T_am�EGFW]`[?HSA�C�A!CNK\H�EGCaFVCTEGj�O6]dEGFWX!m�EV]`[�i{HSA�C�]`FVO�HVA�CaEGU#K�I�r�EVO�_aCTFVFGCaFMcA�CT[vHSA!C�HVCaUWr�CTESK\HVm�EVC-]`F�D!xYCaX�k
¾ � ­ ©�±y²¥¬æ0±y²¥¬ Â ©�µ�²�¶p·æ�µ�²�¶p· ¡ ���9¢

@BA�C�D1EVFtH�HSCTEVUê]dF
HSA�C�Ca[9HSEGO6r9Z�X�Ca_TEVCNK\FVCBO�Q�HVA�CnA!]di6A�HSCaUWr(CaESK�HSm�EGC�EGCaFVCTEGj�O6]dETk�©�±}² ¬�� � b�CT_NK�m�FGCHSA!CeA�CNK�Hu~1O�McFuO6m!HuO�QBHSA�C#A�]di6A�HSCaUWr(CaESK�HSm�EGC#EVCTFVCTEGj6O�]dEak{@BA!C�FVCa_TO6[�X?HVCaEVU ]dF�HSA�CeCT[9HSEVO�r�Z_fA1K�[!i6CqO�QcHSA�C�I`O�M¯HSCTU^r(CaEVK\HSm!EVC�EVCTFVCTEGj6O�]dEak�½Y]d[�_TC�A�CNK�H�]dF�K�X!X�CaX�HSO�HVA�CqIdO�M£HSCaUWr(CaESK�HSm�EGCEVCTFVCTEGj6O�]dEaz.©�µ�²�¶p· � � K�[�XqHSA!C�CT[9HSEVO�r�ZqO\Q,HVA�C�IdO�M�HVCaUWr�CTESK\HVm�EVC-EGCaFGCaEGj�O6]dEg]d[!_aEVCaK�FVCTFakÌJO�MÇEGCa_aK�IdI�Q�EGO6U CTÆ(kJ¡)ö ¢ HSA1K�H ® ©�µ�²�¶p·�®® ©�±y²¥¬S® ­ æ�µ�²�¶p·æ�±}² ¬ ¡ � 	 ¢
O6E ©�µ�²�¶p·æ�µ�²�¶p· ­ç³ ©�±}² ¬æ�±}² ¬ ¡¥¤ �9¢
÷�C�oÛj6C�EVCaUWO�j6CTXvHSA!C�K\b�FVO6I`m!HSC$j\K�I`m�C-FV]`i6[�FTk�@BA!C�UW]d[�m�FcFG]di6[q]dFBb(Ca_aK�m�FGC�©�±y²¥¬RI`CNKNj6CTFgHVA�C�A�]di�AHSCTU^r(CaEVK\HSm!EVC�EVCTFVCaEtj6O6]`E�K�[�X�K�_a_TO6EVX�]`[�iqHSOqO6m�E�FV]`i6[�_aO6[9j�Ca[9HS]`O6[�z,HVA1K\H�UWCNK�[�F$HVA1K\H�©�±}² ¬ � �K�[�X>A�Ca[�_TC^HVA1K\He³J©�±}² ¬!� � kv½YO
b(O�HSA�FV]`X�CaF�O�Q�HSA!C#CaÆ�m1K�HS]dO�[?K�EGC#r(O6FV]�HS]`j�C�kq@BA�]`F�CTÆ�m�K\HS]`O6[HSCTIdI`Fhm�FhHVA1K\H$HVA�C�H�M�O�HSCaEGU^Fh]d[�CTÆ(k^¡ ���9¢ _aK�[�_aCTI�O6m!H$K�[�X�HVA1K\H�¾ � ­ � Q�O�E-K�â�K�EG[�O�H-_}ZY_TIdC\k��[ i6Ca[�CTESK�I�Q�O�EcK�[9Z�EVC}j6CaEGFV]`b�IdC�_TZ�_TIdC

¾ � ­#" ó ©æ ­ � ¡¥¤ ��¢
McA�CTEVC�HVA�C�_T]dEG_aIdC�O6[ HSA�C�]d[9HVCai6EVK�IsFV]`i6[
UWCNK�[!FgHVA1K\HcHSA�C�]d[9HSCTi6ESK�HS]dO�[ ]`FcO�j�CaEhK^_aI`O6FVCTX
r1K�HSA
O�E_TZ�_TIdC�k�hQ�_aO�m�EVFGCgHVA�CJâ�K�EV[�O\H�CT[�i6]`[�Cc]dF�K�[W]dX�CaK�I�CT[�i6]d[!C�¡ËHSA�O�m�i6AW[�O�H�r(CaEGQ�CT_TH ¢ k$��[�i6]`[�CaF�M�CJUWCaC}H]d[�HVA�C�EVCaK�IRM�O6EVI`X�K\EVC�[�O�H�K\F-CTÈW_a]`Ca[9HNk���[�HSA�O�FVC�Ca[!i6]d[�CTF-HSA�C�_fA1K\[�i6C�]d[�Ca[9HVEVO6r9Z{]`F-i6EVCaK\HSCTEHSA�K�[>�TCaEVO!k �-[!C^MnK�Z5O�Q�FGHfK�HS]d[!i HVA�C^FGCa_TO6[�X�ILKNM O�Q�HSA!CaEVUWO�X!Z�[1K�UW]d_aF�]`F�HVO
FVK�Z�HVA1K\H�]d[�K�[]dFGO6ILK�HSCaXqFtZYFtHSCTUvz.]¥kpC�k�z.O6[�C�]d[qMcA�]`_fAv[�O^A�CNK�HJO�EcM�O6EG��_NK�[vCa[9HSCTEJO6EcI`CNKNj6C\z.HVA�C�Ca[9HSEGO6r9Zq[�CTj�CaEX�CT_aEVCaK�FVCTFak���HgK�I`MnKNZYFg]d[!_aEVCaK�FVCTFcO6EBFGHSK�Z�FcHSA�C�FVK�U^C\k�Ý
K\HSA!CaU^K\HS]`_NK�I`I`Z�MnC-McEG]`HSC

¾ �&% � Q�O6E�K�[�]dFGO6ILK\HVCaX�FGZ�FtHSCaU ¡¥¤6¤ ¢
¨sCTHNopFg_aO6[�FG]dX�CTEgK�r(CaEtQ�Ca_}HJCT[�i6]`[�C�K�i9K�]`[�k

�



hot

hot

eng

eng hot

T

Perfect Engine

engine
W

W     = |Q    |

|Q    |

�JCaK\Hn©çI`CNKNj6CTF�HSA!ChEVCTFVCTEGj6O�]dE�McA!]d_fAe]`FnK\H�HSCTU^r(CaEVK\HSm!EVCcæ�k�½YO�©'� � k�½YO�HVA�CJCT[9HSEVO�r�Z^_fA1K�[!i6CO�Q&HSA�C-HVCaUWr�CTESK\HVm�EVC�EVCTFVCTEGj6O�]dEc]dFB[�CTi9K\HV]`j6C\k�@BA1K\Hc]dUWr�I`]dCaF�HSA1K\HBHVA�C-HSO�HSK�I�CT[�HVEVO6r9Zq_fA1K\[�i6C�]dF
¾ � ­ © æ � � ¡¥¤�¦ ¢

McA�]`_fA j�]dO�ILK\HVCaF�HSA!C�FGCa_TO6[�X ILKNMÇO�Q&HSA!CaEVUWO�X!Z�[1K�UW]d_aFTk�½YO^K�r�CTEGQ�Ca_}HgCa[�i6]`[�C�]dFB]`U^r(O6FVFG]db�I`C�k½Y]dUW]dIdK�EVI�Z�Q�O6EcK�r�CTEGQ�CT_THgEVC}Q�EV]di�CaESK�HSO6ETz

T

T

frig

Perfect Refrigerator 

hot

cold

|Q|

|Q|

HSA!C�CT[9HSEVO�r�Zq_fA�K�[�i6C�]dF
¾ � ­ ®°©�®æ�±}² ¬ ³ ® ©q®æ�µ�²�¶�· ¡¥¤\ã ¢

@BA�C�UW]d[�m�F$FG]di6[{]`F-b�CT_NK�m�FGC�A�CNK\H�I`CNKNj6CTF-HSA�C�_TO6IdX{EGCaFVCTEGj�O6]dETk�½YO�HSA�C�CT[9HSEVO�r�Z�_fA1K�[�i6C�O�Q�HSA!C_aO�IdX�EVCTFVCaEtj6O6]`E�]dF-[�CTi9K\HS]�j6C\k#½�]d[�_TCuæ0µ�²�¶p·(�çæ�±y²¥¬´z&¾ � � � McA!]d_fA�jY]`O6ILK�HSCaF$HVA�C�FVCT_aO6[�X5ILKNM�O�QHSA!CaEVUWO�X!Z�[1K�UW]d_aFTk�½YOWK�r�CTEGQ�Ca_}HgEVCTQ�EG]di6CTESK\HVO6EB]dFB]`U^r(O6FGFV]db!IdC�k¾ � ­ ©)��æ¸]`FhHSA!CWU^K�_TEVO6FG_aO6r�]`_uX�C}D1[�]`HV]dO6[{O\Q�CT[9HSEVO�r�Z�k � _}HSm1K�I`I`Z MnC\opj�C^O�[�I`Z
b�CTCa[�_aO6[�àFV]`X�CaEG]d[�i�HVA�C�Ca[9HVEVO6r9Z�_fA1K�[!i6C�k�ÌgO�M IdC}HNopF�_aO6[!FV]dX!CaEuHSA!C UW]d_TEVO6FG_aO6r!]d_#X!CTD1[�]�HS]`O6[�k�÷Ã]�HSA�HSA!C	



UW]d_aEGO6FV_TO6r�]`_�X�C}D1[�]�HS]dO�[�MnCn_NK�[�X�C}D1[�C�HVA�CBK�b�FGO6IdmYHSC�j\K�I`m�CnO\Q1HSA�C�CT[9HSEVO�r�Z�z�[�O�H(|Gm!FGH�HVA�C�_fA1K�[!i6C]d[qCT[�HVEVO6r9Z�k¨sCTHNopF�b�CTi6]d[�b9Z�X!CTD1[�]`[�i�U^]`_aEGO6FGHSK\HSCTFuj6CaEGFVm�FWU^K�_aEGO6FGHSK\HSCTF�O�Q$K�FtZ�FGHSCTUvk � U^K�_TEVO6FtHfK\HVC]dF�FVr(Ca_T]`D1CTX?b9Z5U#K�_TEVO6FG_aO6r!]d_�j\K�EV]dK�b�IdCTF�FVm�_fA�K\F�HSCTU^r(CaEVK\HSm!EVC�z&r�EGCaFVFGm�EVC\z�Ca[�CTEVi�Z�z�[�m�Uub(CaE�O�Qr1K�EtHS]`_aIdCTFaz�CTHV_�k,@,OgFVr(Ca_T]`QËZ�KcU^]`_aEVO�FGHfK�HSC�z�M�C�[!CaCaX�HSOgFVr(Ca_T]`QËZ-HSA!C�r(O6FG]`HS]`O6[�F
K�[!X�j�CaIdO�_a]�HS]`CaFsO�Q�K�IdIHSA!C�r1K�EtHS]d_TIdCTFakR½YO-]`Q�M�CBA1KNj6CcK\[u]dX�CaK�I�i9K�Faz\MnCB_aK�[uFVr(Ca_T]`QËZ�]`HVFRU^K�_aEGO6FGHSK\HSC�b�Z�]`HVF,HSCTU^r(CaEVK\HSm!EVC�zr�EGCaFVFGm�EVC�¡)O6E�j6O6I`m�U^C ¢ z�[�m�Uub(CaE�O�Q
r1K�EtHS]d_TIdCTFaz�CTHV_�k�@BA�CTEVC-K�EGC$K�IdO�H�O�QsUW]d_TEVO6FtHfK\HVCaF�McA�]d_fA�A�K�j�CHSA!CBFSK�UWC�HVCaUWr�CTESK\HVm�EVC\z9r�EVCTFVFVm!EVC�z�K�[!X�r1K�EGHV]d_TIdCn[�m�U�b�CTEak � [�X�FV]d[!_aCnHVA�CBr1K�EtHS]d_TIdCTF�K�EGC�U^O�j�]d[!iK�EGO6m�[�X�z�HVA�C�FGZ�FGHVCaU§]`FB_fA1K�[�i6]`[�i�Q�EVO6U O6[�C�U^]`_aEGO6FGHSK\HSChHVOWK�[�O�HVA�CaETkÚ�O6m�Ecb(OYO6�#i6]`j�CaFcHSA�C�C}x!K�UWr�IdC-O\Q�X�]`_aC�k�@BA�C�U#K�_TEVO6FtHfK\HVC-_aO6EGEVCTFVr(O6[�X�FgHSO�HSA�C�FVm�U§O\QRHSA!C¤uX�]d_TC�k�@BA�C�UW]d_TEVO6FtHfK\HVCh_aO�EVEVCTFVr(O6[�X�FcHSOuHVA�C�r1K�EtHS]d_Tm�ILK\En_aO�Uub�]d[�K\HS]`O6[#O�Q,X�]`C�k � [9Z�r�K�EGHV]d_am!ILK�E_aO�Uub�]d[�K\HS]`O6[�]dF�K�F�Id]d�\CaI�Z�K�F�K�[9Z�O�HSA�CTEakq½�OvHSA!C^UW]d_TEVO6FtHfK\HVCaF�K�EVCWCaÆ�m1K\IdI`Z�Id]d�\CaI�Z6kel�m!H�FGO6UWCU^K�_aEGO6FGHSK\HSCTFJK\EVC-UWO6EVC-I`]d��CTI`Z^HSA1K�[ O�HVA�CaEGFak�@BA�C�U#K�_TEVO6FtHfK\HVC-O�Q � A1K\FJö�_TO6Uub�]`[1K\HS]`O6[�F�O\QRHSA!CX�]`_aC�McA�]dI`CuHSA�C�U^K�_aEGO6FGHSK\HSC�O�Q�¤�A1K�F�O6[�I�Z � _aO6Uub!]d[1K\HV]dO6[0k�½YOqHSA�EGO�Mc]`[�ivK � ]dF-U�m�_fA>UWO6EVCr�EGO6b1K�b�I`C$HSA1K\[ HVA�EVO�Mc]d[!i^KW¤Yk½Y]dUW]dIdK�EVI�Z6z�K�I`I�HVA�C-U^]`_aEGO6FGHSK\HSCTF�O�QRKur�A9ZYFG]d_aK�IsFGZ�FGHVCaUÜK�EGC-CaÆ�m1K�I`I`Z^Id]`��CaI�Z^McA!Ca[qHSA�C-FtZYFtHSCTU]dF-]`[{CaÆ�m�]`Id]db!EV]dm!Uvk�lnm!H�]�QnKei�]`j6CT[�U^K�_TEVO6FtHfK\HVC � A1K�F-UWO6EVC�UW]d_TEVO6FtHfK\HVCaF-K�FGFVO�_a]dK\HSCTX�Mc]�HSA�]`HHSA�K�[�FVO6UWCcO�HSA�CTE�U#K\_aEVO�FGHfK�HSCclhz6HVA�Ca[�HSA!CgFtZ�FGHSCTU£]dF�UWO6EVC�I`]d�\CaI`Z�HSO�b(Cc]d[�U#K\_aEVO�FGHfK�HSC � HSA�K�[]d[>U#K�_TEVO6FtHfK\HVC#lJkR@BA�CeUWO6EGC#UW]d_aEGO6FGHSK\HSCTFuK
U^K�_TEVO6FtHfK\HVC#A1K�F�K�FVFGOY_T]LK\HVCaX?Mc]�HSA?]�HNz,HVA�CeUWO6EVCX�]`FVO6EGX�CaEGCaXvM�C�_aO6[�FG]dX�CTEgHVA�C�U#K�_TEVO6FtHfK\HVC-HSOWb�C\kB½Ym�r!r�O6FGC�HVA1K\HJKWi�]`j6CT[
U^K�_aEGO6FGHSK\HSC�A1K\FgO�[�I`ZO6[�CcUW]d_TEVO6FtHfK\HVCBK�FVFGOY_T]LK\HVCaX�Mc]`HVA^]�HNk&@BA1K\H�U^K�_aEGO6FGHSK\HSC�M�O6m�I`X^b(C�j6CTEGZ�O6EGX�CaEGCaX�k�½Ym!r�r�O�FVCBHSA1K�HCNK\_fA>O6b�|GCT_TH�]d[{Z�O6m�E�b�CTX�EVO�O6U _TO6m�I`X5O�[�I`Z{b(C�]d[�O6[�C�r�IdK�_aC+*,CaK�_fA5O6b�|GCa_}H�A�K�F�]`HSF-r!ILK�_TC^K\[�XHSA!CaEVC�]dFg[�O#O\HSA�CTEhr�IdK�_aC�Z6O6m
_NK�[vr�m!H$]�HNkB@BA�CT[
Z6O�m�EhEGOYO6U�M�O6m�I`X
b(C�j�CaEGZvO6EGX�CaEGCaX�kJ�$[
HSA!CO�HVA�CaE�A�K�[�X�zYFVm�r�r(O6FGC$Z6O6m�EnFGHSmYÞ�_aO�m�IdXeb(C-K�[9Z�McA�CTEVC�k�@BA�CT[eHSA�CTEVC�K�EGC$K�I`O�H�O�Q&K\EVESK\[�i6CaUWCa[9HVFHSA�K\H�K�EGCnr(O6FVFG]db�I`C�k,��Q1MnC�I`OYO���K�H�K�[9Z�FV]`[�i6IdCnK�EVEVK�[�i6CTU^CT[9H�_fA�O6FGCa[WK\HRESK�[�X!O6Uvz�HSA�CT[uZ6O6m!E�EVO�O6UMc]dI`I�r!EVO6b1K\b�I`ZWIdO�O6��UWCaFVFtZ�K�[!X�X�]dFGO6EVX�CTEVCTX�k�½YOuHSA!C$U^O�EVChUW]d_TEVO6FtHfK\HVCaFBK�U#K�_TEVO6FtHfK\HVC$A1K�FTz!HSA!CUWO6EVC-I`]d��CTI`Z^]`Hc]`F�HSA1K\HBHVA�C�FGZ�FGHVCaU§Mc]dI`I0b(C�]d[�HSA1K�HcU#K�_TEVO6FtHfK\HVC�K�[�XqHSA�C�UWO6EVChX�]dFGO6EVX�CTEVCTXvHSA!CFGZ�FtHSCaU�Mc]dIdI9HVCa[�X�HSOhb�C\k�ì$]dFGO6EVX�CTEVCTX�U#K�_TEVO6FtHfK\HVCaF�K\EVCnUWO6EGC�Id]`��CaI�Z-HSA1K\[�O6EVX�CTEVCTXWU^K�_TEVO6FtHfK\HVCaFakÌJO�HV]d_TC$HSA1K\HBM�C�K�EVC$HSK�Id��]d[!i�]d[eHSCTEVUWFcO�QRr!EVO6b1K\b�]dI`]`HS]`CaFTk,��[ r�A9Z�FV]d_TFh¦ � McA�Ca[ Z6O6m FGHVm�X�]dCTXÌJC}MBHSO6[!]LK�[qUWCa_fA1K�[!]d_aFTz�Z6O6m MnCTEVC�m�FVm�K�IdI�Z#HfK\Id��]d[�iuK�b�O�m!HJK�FG]d[�i�IdC$O6b�|GCa_THhK�[�XqZ6O�mv_TO6m�IdXqm�FGCÌJC}MBHSO6[0o�F�CTÆ�m1K\HS]`O6[�F�O�QsUWO�HS]`O6[�HSO�X�CTHVCaEVUW]d[!CJ]�HSF�U^O\HS]dO�[^K\[�X#HSEVK�|GCa_}HSO6EtZ6k�lnmYH�HVA�CJM�O6EVI`X#A1K\FUWO6EVCnHVA1K�[J|Gm�FtH�O6[�CBO�b�|GCa_}HNk���[�Q)K�_}H�U^O�FGH�HVA�]d[�i�FRA1KNj6CcFGO6U^C}HSA�]`[�i$I`]d��C � j6O�i9K�X�EGO�o�F�[�m�U�b�CTE�O�QK\HVO6U^F�K�[�X^U^O�IdCa_Tm�IdCTFakR÷ÃA!Ca[#M�CJHSK�Id��K�b(O6m!HnK�[^]dX�CaK�I.i9K�Faz�M�ChHSA�]`[���O�Qs]�H�K�FnA1KNj�]d[!i�O�QsO�EVX�CTEö$, ���.-0/ r1K\EGHS]`_aI`CaFak&��HRM�O6m�I`Xub(C�A�O6r(CaI`CaFVF,HSOhHVEGZ�HSO$_aK�Id_Tm�ILK\HVC�HVA�CnHVESK�|GCT_THSO�EGZ�O�Q1CNK\_fA^K\[�XuCTj�CaEtZr1K�EtHS]`_aIdC\k � [�X�z
b�CTFV]`X�CaFTz
HVA1K\Hao�F-[�O\H�EVCNK\IdI`Z McA1K\H-M�C�M�K\[�Haku÷>C�MnK�[9H�HSO���[�O�M U^K�_aEGO6FV_TO6r�]d_Æ�m1K�[9HS]�HS]`CaFBId]`��C$HVCaUWr�CTESK\HVm�EVC�K�[�Xqr�EGCaFGFVm�EGC�k�÷�C-M�K\[�HcHVOW��[�O�MÇMcA�K\HcHSA�C�U^K�_aEGO6FGHSK\HSC-]`Faz�[�O\HHSA!C�UW]d_aEGO6FGHSK\HSC\kg½YO#EVK\HSA!CaEcHSA1K�[vHfK�I`�e]d[ HSCaEGU^FgX�C}HSCaEGU^]`[�]dFtHS]`_�CTÆ�m1K\HS]`O6[�FgO�Q�UWO�HS]`O6[�z�M�C�HfK\Id�]d[�HVCaEVUWFBO�Q,r�EVO�b1K�b�]`Id]`HV]dCTFak½YOWCNK�_fAvU#K�_TEVO6FtHfK\HVC�z!McA!]d_fA ]dFcFVr(Ca_T]`D1CTXvb9Zq_aCTEGHSK�]d[�j\K�Idm!CaFcO�Q&HSA�C�U^K�_aEGO6FV_TO6r�]d_$j\K�EG]LK�b!IdCaFId]`��CuHVCaUWr�CTESK\HVm�EVC\z,r�EGCaFGFVm�EGC�z�C}HS_�k�z&A1K�F�K [�m�Uub(CaE�O�QnU^]`_aEGO6FGHSK\HSCTF$HSA1K\H�A1KNj�C^HSA!CaFVC�j\K�Idm!CaF�O�QHSA!C�U#K�_TEVO6FG_aO6r!]d_�j\K�EG]LK�b!IdCaFTk�¨sCTH�1Pb(CuHSA�Cu[�m�U�b�CTE-O�Q�U^]`_aEGO6FGHSK\HSCTFhQ�O6E$Kei�]`j6CT[{U#K\_aEVO�FGHfK�HSC�k¡ËÚ�O�m�E�b�O�O6��m�FVCTFn¹ ]d[�FtHSCaK�X�O�Q21$z�b�mYH�MnCgK�I`EVCNK\X!Zum�FGCJ¹ Q�O6E�M�O6EV�.k ¢ 1�]`F�K�[�m�U�b�CTE�O�Q0O�EVX�CTE
���



� j�O6i9K�X!EVO�opF^[�m�U�b�CTEak3@&O�U^K��\C HVA�Cv[�m�U�b�CTE^UWO6EVCqU^K�[1K�i6K�b�IdC\z�IdCTHao�F�HfK\��CqHSA�C IdO6i6K�EV]�HSA�U k@BA�CJCa[9HSEGO6r9Z � ]dF�r�EVO�r�O6EtHS]`O6[1K�I!HVO�HVA�CJI`O6i9K�EG]`HVA�U�O\Q31$k�@BA�CJr�EVO6r(O6EtHS]dO�[1K�Id]�H�Z�_TO6[�FtHfK�[9H�]dF54�é�zlnO6I�HS�TU#K�[![�o�FB_TO6[�FtHfK�[9HNk � ­#49é�I`[61 ¡¥¤6õ ¢
ÌJO\HS]d_TC�HVA1K\H&HSA�C�CT[9HSEVO�r�Z�]dFRKJU^K�_aEGO6FV_TO6r�]`_�j\K�EV]dK�b�I`C�HVA1K\HR]dF,Khr�EVO�r�CTEGH�Z�O�Q.Khi6]�j6CT[uU#K\_aEVO�FGHfK�HSC�k��H�X�OYCTFV[�oÛH�X!Car(Ca[�X�O6[^A�O�M7HSA�CJFGZ�FGHVCaU¯i6O�H�HSO�HSA1K\H�U^K�_aEGO6FGHSK\HSC\k�@BA�Chb!]di6i6CTE513]`Faz9HSA!Chb�]`i6i6CaEHSA!CW[�m�U�b�CTE�O\Q�UW]d_aEGO6FGHSK\HSCTFaz�HVA�C�U^O6EGC�X�]dFGO6EVX!CaEVCTX�HVA�C�U#K�_TEVO6FtHfK\HVC�]dFTz,K\[�X5HVA�C�U^O�EVC�Id]`��CTI`ZHSA!ChFGZ�FtHSCaU¯]dF�HSO�b�Cg]d[WHSA1K�HnU^K�_aEGO6FGHSK\HSC\k���[#FGO6UWCJFGCa[�FGC$CaÆ.kJ¡¥¤6õ ¢ ]`FnK�U^]`_aEGO6FV_TO6r�]d_cX�C}D1[�]�HS]dO�[O�Q,Ca[9HSEGO6r9Zqb�CT_NK�m!FVC�]`HcX�CTr�CT[�X�FgO6[�HSA�C�[�m�Uub(CaEcO�Q,U^]`_aEGO6FGHSK\HSCTFak½YOvM�CeA1KNj�CeKvUW]d_TEVO6FG_aO6r!]d_WK�[�X>KvU^K�_aEGO6FV_TO6r�]d_�X�C}D1[�]�HS]dO�[>O�QnCa[9HSEGO6r9Z6k @BA�CTZ5IdO�O6�
j�CaEtZX�]�Þ0CTEVCa[9Hgb�m!HcHVA�CTZ K�EGC�]d[�Q)K�_THgCTÆ�m!]`j\K�IdCT[9HNk�÷>C�_NK\[v]`IdIdm!FGHSEVK\HSCgHSA�]`Fcm�FV]`[�i#K\[ ]`X�CNK\Isi9K�F�¡�McA1K�HCaI`FVCN× ¢ kq½Ym�r!r�O6FGC#K\[>]dX!CNK�I�i9K\F�i�OYCTF�Q�EGO6U:K�[�]d[�]�HS]LK\I,U^K�_aEGO6FGHSK\HSC�Mc]`HVA5j�O6Idm!U^C ô À�HVO
KqD1[1K�IU^K�_aEGO6FGHSK\HSC#Mc]�HSA>j�O6Idm!U^C ô �6k�@BA�CeHSCTU^r(CaEVK\HSm!EVC#FtHfKNZ�F�HSA�CeFVK�UWC�Ê�æ�Àh­Üæ7�6k{÷ÃA1K\H�]`F�HSA!C_fA1K�[!i6C�O�Q�CT[�HVEVO6r9Z ¾ � ×@BA�C�Ca[9HSEGO6r9Z�_fA1K�[�i6C�Mc]dI`I�X�CTr�CT[�X�O�[�I`ZhO6[�HVA�C�]d[�]�HS]dK�I�K\[�X�D�[1K�I9U^K�_aEGO6FGHSK\HSCTFsO�Q!HVA�C�FGZ�FGHVCaU z[�O�HcO�[qHVA�C-r1K\HVAvb(CTH�M�CaCT[vHVA�CaU k�½YO�MnC�_aK�[q_fA�OYO�FVC�K�[9Z�r1K\HVA�HSA1K\Hao�Fc_TO6[9j6Ca[!]dCa[9HaknwR]`EVFtHBIdC}HNopFm�FGC#HSA�C#U#K�_TEVO6FG_aO6r!]d_#X!CTD1[�]�HS]`O6[�zRCTÆ.k�¡ � ã ¢ kv÷�C#Mc]`IdI�_fA�O�O6FVC�K\[?]dFGO�HSA�CTEVU^K�I�r1K\HSA>]d[�McA!]d_fAHSA!C�FGZ�FtHSCaU FGHSK�Z�F-K�HJHVCaUWr�CTESK\HVm�EVC�æ�kJ��[
HVA�C�[!O�HSCTFhO6[�ânA1K�r!HVCaE ��� z.M�CuFGA�O�MnCTX�HVA1K\HgQ�O6EJK�[]dFGO�HSA!CaEVU^K�I�r�EVO�_aCTFVFaz.¾uæ ­ � z�FGO^¾�¿BÀÁªa¬s­ � z!FVOW©ê­�³h¹ k�÷�C-_NK\Id_am!ILK\HVCaXeHSA!C�M�O6EG��¹ K\[�XA�CT[�_aC�HSA�C�A�CaK\HJ© Mc]`HVAqHVA�C�A�CaI`rqO�Q,HVA�C�]dX�CaK�I�i9K\FgIdKNM�Ê

©ê­ê³$¹ ­Åð98;:8=<&> ó�ô ­Åð?8;:8=<A@7B æô óYô ­ @2B æ�ð?8;:8=< ó�ôô ­ @7B æ�I`[ � ô
�
ô À � ¡¥¤�ö ¢

ÌJO�M�Q�EVO6U CaÆ.k$¡ � ã ¢ z!HSA�C�CT[�HVEVO6r9Zq_fA1K\[�i6C�]dF
¾ � ­ © æ ­ @2B Id[ � ô

�
ô À � ¡¥¤ �6¢

ÌJO�M�IdCTHao�F�FVCTC$McA1K\H�M�C$i6C}H�Mc]`HVA#HSA�ChU^]`_aEVO�FV_aO�r�]d_JX�CTD1[!]`HS]`O6[#O\Q
Ca[9HSEGO6r9Z6k���[eHSA�]`Fn_NK\FVC$]�HNopFCNK\FV]dCTE�HVO
_fA�O�O6FVC#K
X�]�Þ0CTEVCa[9H�r1K\HVA�k
¨sC}HNopF�_fA�O�O6FVC^HSA�CWQ�EVCaC^C}xYr1K�[!FV]dO�[?r�EVO�_aCTFVFTk{½YOv]d[�]�HS]LK\IdI`ZHSA!Cui9K�FJ]dFh_TO6[!D1[!CaX{HSO�KWj6O6I`m�U^C ô À�HSA1K�H$]dFJFVCTr1K�ESK�HSCaX�Q�EGO6U§HSA�C�EVCaFtH-O�Q�HVA�Cu_aO�[�HSK�]d[!CaEhb9Z
Kr1K�EtHS]�HS]dO�[�k
@BA�C�j�O6Idm�UWC�O�Q1HSA�C�Ca[9HS]`EVC�_aO6[9HSK�]d[�CTER]`F ô �6kR@BA�Cn_aO6[9HfK\]d[�CTE,A1K\FRr(CaEGQ�CT_THVI`Z�HSA�CTEVU^K�IdI�Z]d[!FVm�IdK\HS]`[�iWMnK�I`IdFgFVO�[�OeA!CNK\HhCa[9HSCTEVF-O6EJIdCNKNj�CaFhHVA�CuFGZ�FtHSCaU kh÷ÃA�CT[�MnC�EVCaUWO�j6C�HVA�Cur1K\EGHS]�HS]`O6[�zHSA!Cei9K�F�C}xYr1K�[�X!FuHSO�D1I`I�HVA�CeCT[�HV]dEGCeb�ONx?K�[�X?]�HSF�D1[1K�I�j6O6I`m�U^C^]dF ô �6k{ÌgO
M�O6EV��]dF�X!O6[�C�z�FGO¹ ­ � k�½Y]`[�_aCJ©P­ � K�[�Xe¹ ­ � z�¾�¿BÀÁªa¬s­ � K\[�X^A!Ca[�_TC-¾uæÃ­ � k�½YO�æ(À0­ æ7�$K�F�FGHS]`r�m�IdK\HSCTX]d[�HSA!CJr�EGO6b�I`CaU kR��[#O�EVX�CTE�HVO�m!FVCJHVA�CgU^]`_aEVO�FV_aO�r�]d_BX�C}D1[�]�HS]dO�[^O�Q0Ca[9HSEGO6r9ZW]d[WCaÆ.kc¡¥¤�õ ¢ z9M�Ch[�CTCaXHSO�_aO�m�[9H�UW]d_TEVO6FtHfK\HVCaFTk�@,O�X�O�HSA�]`Faz9I`CTHNopF�K�FVFGm�UWCgHVA1K\H�K�i9K�F�U^O�IdCa_Tm�IdC�HfK��\CaFnm!r#K-HS]`[�Z�j6O6I`m�U^C
ô�C k�÷ÃA�CT[ HVA�C-i9K�FB]`FB]d[�]�HS]dK�IdI�Z�_aO6[YD1[�CaXqHSO�HVA�C-j6O6I`m�U^C ô À¥z!HSA�CTEVC�K�EGCW¡ ô ÀD� ô�C ¢ r!ILK�_TCaF�HSO�r�mYHK�U^O6I`Ca_Tm�IdC\k�½Ym�r�r(O6FGC�M�C�A�K�j�Cu¤�UWO6IdCT_am�I`CaFak�@BA!Ca[vHVA�CaEGC�K\EVC^¡ ô ÀD� ô�C ¢E- M�KNZ�FcHSO^K�EVEVK�[�i6C-HSA!C¤$U^O�IdCa_Tm�IdCTFakn¡)@BA�CcUWO6IdCT_am�I`CaF�]`[�K�[�]dX�CaK�I�i9K\F�X�O�[�O�H�]d[9HVCaESK\_THNz9FGO-HSA�C}Z�_NK�[�FG]`H�O6[�HSO�r�O�Q0CaK�_fAO�HVA�CaETk�½YO#HVA�CaEGCu]dFJ[�OeC}xY_TIdm�X�CTX�j6O6I`m�UWC�k ¢ �RxYHVESK�r(O6IdK\HS]`[�i�z.MnCuFGCaC�HVA1K\HJHSA�CTEVC�K�EGCq¡ ô ÀD� ôFC ¢HGMnK�Z�F-HSOqK\EVESK\[�i6CJI UWO6I`Ca_am!IdCaFTkW¡ ô ÀD� ô�C ¢ G ]`FhHSA!Cu[�m�Uub(CaE-O�Q�UW]d_TEVO6FtHfK\HVCaFak�½Y]`U^]`ILK�EGI`Z#]d[�HSA!C

�6�



D1[1K\I&FtHfK\HVC�HVA�CaEGCuK�EGCe¡ ô �K� ôFC ¢HG K�EGESK�[!i6CaUWCa[9HSFgO�Q�I UWO6IdCT_am�I`CaFak�½YOWm�FV]`[�i#CTÆ(k�¡ ¤6õ ¢ z.M�C�D1[�XHSA�K\HBHSA�C�CT[�HVEVO6r9Zq]`[qHVA�C�]d[�]�HS]dK�I�FtHfK\HVC�]dF
� À0­#49é�Id[61nÀ�­#49é�Id[MLN� ô Àô�C � GPO ­#IM49é�Id[Q� ô ÀôFC � ¡¥¤ �9¢

½Y]`U^]`ILK�EGI`Z�Q�O6E�HVA�C-D1[1K�I�FtHfK\HVC
� �$­#49é�Id[61R�-­S49é�I`[ L�� ô �ôFC � G O ­SIT49é�Id[ � ô �ô�C � ¡¥¤.	 ¢

½YO�HSA!C�CT[9HSEVO�r�Zq_fA�K�[�i6C�b�C}H�MnCTCa[
HVA�C�]d[�]�HS]dK�I(K�[�XqD1[1K�IsFtHfK\HVCaFc]dF
¾ � ­ � �J³ � À0­#IT49éVUáI`[Q� ô �ôFC � ³�I`[Q� ô ÀôFC �3W ­SIM49é�I`[Q� ô �ô À � ­ @2B Id[X� ô

�
ô À � ¡ ¦ �9¢

McA�CTEVC�M�C�m!FVCaXMIM49é5­ @ I�è749é�­ @7B K�[�X @ ]`FBHSA�C�[�m!Uub�CTEJO\Q�UWO6IdCTFgO\Q�HSA�C�]dX!CNK�Isi9K\Fak�÷�CFVCTC�HSA1K\HuCaÆ�Fak3¡¥¤ �6¢ K�[�X ¡ ¦ �9¢ K�i6EGCaCeMcA�]`_fA�U^CaK�[�F�HVA1K\HuHVA�C�U^]`_aEGO6FV_TO6r�]d_#K�[�X�U^K�_aEGO6FV_TO6r�]d_X�C}D1[�]`HV]dO6[!FBO�Q,HVA�C�Ca[9HSEGO6r9Zqi6]`j�C-HSA�C�FSK\U^C�K�[!FGM�CaEakÌJO�HV]d_TC HVA1K\HWCTj�Ca[ÙHVA�O6m�i6AÙ© ­ � Q�O6E�HSA!C Q�EGCaC C}xYr1K�[�FG]dO6[�r�EVO�_aCTFVFTzc¾ �ZY­ � k3@BA�]dF�]`Fb(Ca_NK\m�FVC>¾ � ­ ©)��æ:O�[�I`Z7A!O6IdX�F�Q�O6E K�EVC}j6CaEGFV]`b�IdC5r�EVO�_aCTFVFvK�[�X Q�EVCaC�Cyx!r�K�[�FV]`O6[Å]`Fq[�O�HvKEVC}j6CTEVFV]`b�IdC^r�EVO�_aCTFVFTk ��Q��$FGHSK�EGH�Mc]`HVA?Kqb�ONx5HSA1K�H�A1K\F�O6[!C^FG]dX�C�Mc]`HVA>i9K�F�K�[�X5HSA�C^O�HSA!CaE�FV]dX!CCaUWr!H�Z�z�HSA�CT[v��HfK��\C�O�m!HBHSA�C�r1K\EGHS]�HS]`O6[�z!i6K�F�D1IdI`F�HSA�C$McA!O6IdC�b(O�x�k���Q,�nr�m!HBHVA�C�r1K�EtHS]`HV]dO6[�b�K�_f�.zi9K�FJX�O�CaF$[�O\H$i6O#HVOeO6[�C�FV]`X�C�O�Q�HVA�Cub(ONx0z�IdCaK�j�]`[�i^HVA�CuO�HVA�CaE$FG]dX�C�CaUWr!H�Z6k-½YO#Q�EVCTC�Cyx!r�K�[�FV]`O6[]dFB[!O�HJK�EGCTj�CaEVFG]db�I`C�r�EVO�_aCTFVFak¨sCTHJU^C�FVm�UWU^K�EV]`�aC$HSA!C�FVCT_aO6[!X�ILKNMÇO\Q�HSA�CTEVUWOYXYZY[�K�U^]`_aFB]`[vHSCTEVUWFcO�Q�Ca[9HVEVO6r9Z(Ê � [vCaÆ�m�]áàId]`b�EV]`m�U¯U#K�_TEVO6FtHfK\HVC�O�Q�K�FGZ�FGHVCaU�_NK�[ b(C�_fA1K\ESK�_}HSCaEG]d�TCaX
b9ZvK�Æ�m�K�[9HS]`H�Z � ¡)_NK\IdIdCTX&[GCa[9HSEGO6r9Z]\ ¢McA�]`_fAvA1K\FcHVA�C�r�EVO�r�CTEGHS]`CaFBHSA�K\H
� kc��[�K�[9Z{r�EGOY_TCaFVF�]`[�McA!]d_fA�K�HVA�CaEGU#K\IdI`Z�^`_�»�ý�ú.a�þcb�FtZ�FGHSCTU:i6O�CaF-Q�EVO6U O6[�C�U^K�_aEGO6FGHSK\HSCuHVOK�[!O�HSA�CTEaz�HVA�C�Ca[9HSEGO6r9Z�HSCa[!X�FBHSOW]d[�_TEVCNK\FVC�z1] k�C\k`z

¾ �d% � ¡ ¦ ��¢
¤Ykc��Q-HVA�C
FtZYFtHSCTU ]dF^[�O�H#]dFVO�ILK\HVCaX�K�[�X3m�[!X�CaEGi6OYCTF�K>EGCTj6CTEVFG]db�I`C�]d[!D�[�]`HVCaFV]`U#K\I�r�EVO�_aCTFVF�]`[McA�]`_fAv]�HgK�b�FGO6EVb�FcA�CaK\H ó ©Wz!HVA�Ca[

ó � ­ ó ©æ ¡ ¦9¤ ¢
McA�CTEVC�æ ]dF�K�Æ�m1K�[9HS]�H�Z�_fA1K�EVK�_THVCaEV]`FGHV]d_�O�QnHVA�C�U#K\_aEVO�FGHfK�HSC�O�Q�HSA�CWFGZ�FGHVCaU k^æ ]`F-_NK�I`IdCTXHVA�Ce[VK�b�FGO6Idm!HVC$HSCTU^r(CaEVK\HSm�EGC�\�O�Q&HSA�C�FtZYFtHSCTUvk

" fs�1=��RÑ��.Ê$î�EVO6b!IdCaU ��� k ¤6¤Yk � [5K�]`EGHS]`i6A9HhQ�EGCaCa�TCaE�A�O6I`X�F�¤Yk õ � UWO6IRO\QnK\]dE-K\H�¤6õYk � ² âçK\[�X� k �6� K\HSU k�@BA�C^K�]dE-]`F$HSA�CT[>_aO�O6I`CaX{HSO�³ ��� ² âhk�¡ K ¢ ÷ÃA1K\H�]`F$HSA�CW_fA1K�[�i�CW]`[�CT[9HSEVO�r�Z�O\QnHSA!CK�]`E$]`Q�HVA�Cuj6O6I`m�UWC�]dF$A�CTIdX�_aO�[�FGHSK�[9Hy× ¡�b ¢ ÷ÃA1K�H-MnO6m!IdX�b�CuHVA�C�_fA1K�[!i6C�]`Q�HSA�C�r!EVCaFGFVm�EGCWM�CaEGCU^K�]d[9HfK\]d[�CTXqK\H � K\HSU�X!m�EV]`[�i�HSA�C�_aO�O6I`]d[�i�×
� ¤



K ¢ ÷�C�MnK�[9HcHSO�D1[�Xv¾ � k�½YO�FGHfK\EGHcMc]`HVAv¾ � ­#g ó ©)��æ�k�æÇ_fA1K\[�i6CaFTz1FVO�MnC�[�CTCaXqHSO���CTCar]`H�]`[�FV]`X�C�HSA�C^]d[9HSCTi6ESK�I k^÷�C#[�CTCaX ó ©§]d[�HSCTEVUWF�O\Q�æ�kqÌJO�HV]d_aC�HVA1K\H�HSA�CWj6O6I`m�U^C^­ _TO6[�FGHSK�[9HMcA�]`_fA{U^CaK�[�FJHVA1K\HJ÷�­ � k-½YO�¾�¿BÀÁªa¬�­ê©ÅÂ3¹ ­�©�k-½YO ó ©¸­ ó ¿cÀ ªa¬�khÌJO�MçEVCa_aK�IdI
HSA�K\HJQ�O�EK�[�]`X�CNK\I,i9K\FJHSA�K\H$m�[!X�CaEGi6OYCTF-K^HVCaUWr�CTESK\HVm�EVCu_fA�K�[�i6C\zs¾�¿cÀÁªT¬�­ @2h 8 ¾uæ�kh@BA�]`F$]dFgHSEVm!C�CTj�Ca[]dF-HVA�CWj�O6Idm!U^C�_fA1K�[!i6CaFTz,HSA!O6m�i6A�]`HNopF-D!xYCaX?]`[{HSA�]`F�_aK�FVC\kqßgCT_NK�I`I�HSA1K�H�¿BÀÁªT¬&|Gm�FtH�X�CTr�CT[�X�F�O6[HSA!C�FGHfK�HSC�O�Q�HSA�C�FtZYFtHSCTUvz
[�O�H�O�[5A!O�M�HSA�C�FtZ�FGHSCTUØi6O�H$HVOqHVA1K\H�FtHfK\HVC�k�w1O6E-K\[5]`X�CNK\I�i9K�FTz
K�IdIHSA�K\HgU#K\HGHSCTEVFc]dF�HVA�C�HVCaUWr�CTESK\HVm�EVC�O�Q&HSA!C�FtZYFtHSCTUvk�½YO^��_NK�[v_fA�O�O6FVC�K�[9Z�r1K\HVA
��M�K�[9HhK�FcIdO6[!iK�FnHVA�C-]d[!]`HS]dK�I.K�[�XeD�[1K�I0FtHfK\HVCaFBA1KNj�C�HVA�C$_TO6EVEGCa_THc]`[�]`HV]LK�I.K\[�XeD1[1K�I�HSCaUWr(CaESK�HSm�EGCaFak�½�O���_fA!OYO6FGCK^D!xYCTX
j6O6I`m�UWC�r1K\HVA�K�[!X�i6CTH$¾�¿cÀÁªT¬�­ @2h 8 ¾uæ�kJ��Q�HVA�C�HVCaUWr�CTESK\HVm�EVCB|Gm�FGHh_fA1K�[�i�CaF-KWId]`HGHSI`C�zHSA!Ca[ ó ¿BÀÁªT¬s­ @7h 8 ó æ�k�½YO ó ©ê­ ó ¿BÀÁªa¬�­ @7h 8 ó æÇK�[�X�MnC�_NK\[ McEG]`HSC¾ � ­Çð �À ó ©æ ­Çð �À ó ¿BÀÁªa¬æ ­ @7h 8 ðji :i�< ó
ææ ­ @2h 8 Id[ �

æ2�æ(À � ¡ ¦6¦ ¢
� ]`EB_aO6[!FV]dFtHSFcO�Q,X�]LK�HSO6UW]d_JO�x�Z�i6CT[�K�[�X [�]�HSEVO�i6Ca[�k�¨sO�O6��]d[�i�K�HBHfK�b�I`C ��� k�¦!z h 8 ]dFBj6CTEGZq_aI`O6FVC$HVOõ B �6¤�z�FGOeMnC�Mc]`IdI
m�FGC h 8 ­�õk� B �6¤Ykgæ�À,­�¤6õ ���

² âÅ­�¤.	 � Ï¯K\[�X�æ2��­ ¤6õ�õ^Ï�k0î�I`m�i6i6]`[�i#]`[[�m�Uub(CaEGFaz1MnC�i6C}HJ¾ � ­ç³ ���`�N� �ml\Ï�k¡)b ¢ ÷�CeMnK�[9H#¾ � K\H�_aO�[�FGHSK�[9H�r�EVCTFVFVm!EVC�k � i9K�]`[>MnCqm�FGCq¾ � ­ g ó ©)��æ�k5÷�C�_NK\[�Cyx�àr�EGCaFVF ó ©Ü]d[5HSCaEGU^F�O�Qc��[�O�Mc[?j\K�EV]dK�b�IdCTF�m!FV]d[!i
HSA�C^D1EVFtHuILKNM£O�QBHVA�CaEGU^O�X!Z�[1K�UW]d_TFakvw1O6E�K\[�Z]d[YD1[�]`HVCaFG]dU^K�I�FtHSCTr
]d[ K�r�EGOY_TCaFVFgO6[ K�[ ]dX�CaK�I�i9K\Faz
ó ¿BÀÁªa¬�­ ó ©7Â ó ¹
ó © ­ ó ¿BÀÁªa¬(³ ó ¹ ­ @7h 8 ó æ?Â ò1óYôó � ­ ó ©æ ­ @7h 8 ó

ææ Â òæ ó�ô ­ @2h 8 ó
ææ Â @2B ó�ôô ¡ ¦�ã ¢

McA�CTEVC�MnC�m�FGCaXvHVA�C�]dX�CaK�I�i9K\FgIdKNMÅ]`[qHVA�C�ILK�FtHBFGHVCar�kn½YO
¾ � ­ ð �À�n @2h 8 ó

ææ Â @2B ó�ôôpo­ @7h 8 Id[ �
æ7�æ(À � Â @7B Id[ � ô

�
ô À � ¡ ¦9õ ¢

½Y]`[�_aC-HSA!C�r!EVCaFGFVm�EGC�]`FB_aO6[!FGHfK\[�Haz1HSA�C�]dX!CNK�I�i6K�FBILKNMÅHVCaI`IdF�m�FBHVA1K\H ô �K� ô À�­ æ7�K��æ(À�k�½YO
¾ � ­ @2h 8 Id[Q�

æ7�æ(À � Â @7B I`[Q�
æ7�æ�À �

­ @ ¡ h 8 Â B ¢ I`[X�
æ2�æ(À �

­ @ �
õ ¤ B Â B � I`[Q�

æ2�æ�À �
­ �¤ @7B I`[ �

æ7�æ�À � ¡ ¦6ö ¢
î�Idm�i�i6]d[�i�]`[q[�m!Uub�CTEVFci6]�j6CaFg¾ � ­ê³ �6�.� ¦9�ml�Ï�k

� ¦



" fs�1=��RÑ��.Ê#î�EVO�b�IdCTU ��� kÁ¤ � k{@BA�CeHSCTU^r(CaEVK\HSm�EGC�K\HuHVA�CeFGm�EGQ)K�_TC�O�QcHSA�C ½�m�[�]dF�K\r�r�EVONxY]�àU^K\HSCTI`Z^õ ����� Ï�zYK�[�X#HVA�CJHVCaUWr�CTESK\HVm�EVCJK\HnHVA�ChFGm�EGQ)K\_aChO\QsHSA�C ��K\EGHSA#]dF�K�r�r�EGO�xY]`U#K\HVCaI�ZW¤.	 � Ï�k÷ÃA1K\HcCT[9HSEVO�r�Zq_fA�K�[�i6C�O�_a_am!EVFBMcA�Ca[ ���6�6� ��O�Q,Ca[�CTEVi�Z�]`F�HSEVK�[�FGQ�CTEVEGCaX b�ZeESK�X�]dK\HS]`O6[#Q�EGO6U HSA!C½Ym�[qHSO�HVA�Cq��K\EGHSA1×���6�6� �$O�Q1Ca[!CaEVi\Z�]`FRFVm!_fA�KhFVU^K�IdI�K�UWO6m�[9H,O�Q.Ca[!CaEVi\Z�HVA1K\HRHVA�C�HVCaUWr�CTESK\HVm�EVC�O�Q1HSA!CB½Ym�[�K\[�X��K�EGHVAvX!O6[�oÛHJ_fA�K�[�i6C\k�÷�C�m�FVC�¾ � ­Å©)��æ�k�@BA�Cu½�m�[vI`O6FVCTFcA�CNK\Haz1FVO^©)rDsyª(� � z�McA�]`_fAvUWCNK�[!FHSA�K\H
]`HVFsCa[9HSEGO6r9Z�X�Ca_TEVCNK\FVCaFTk�¾ �2t syª�­ © t syªm��æ t s}ªc­vu ���6�6� �ml6õ ���6� Ï�k�@BA�Cw��K�EGHVA�i9K\]d[�FsA�CaK\HNzFVO�©qxzy{��¬á±|� � z�McA�]d_fA^U^CaK�[�F�HSA1K\H�HVA�C ��K�EtHSA�opFnCT[9HSEVO�r�ZW]`[�_aEGCNK�FGCaFak�¾ � xzy{��¬á±-­Å©�xzyE�¥¬á±}��æ7xzy{��¬á±­ ���6��� �ml6¤+	 � Ï�k.@BA�C�[�CTHh_fA1K�[�i6C�]d[ Ca[9HSEGO6r9Z
]`FBHSA�C�FVm�UÜO�Q�HVA�C�_fA1K�[�i6CTF�¡�McA!]d_fAvMc]`[�X�FJm�rb(Ca]d[!i^K�X�]�Þ0CTEVCT[�_aC�FV]`[�_aC-HVA�C�½Ym�[ IdO6FGCaFcCa[9HSEGO6r9Z K�[�XqHSA�Cq��K�EtHSA i9K�]d[!F�Ca[9HSEtHSO6r9Z ¢ Ê
¾ � ­ ¾ �2t syªgÂ�¾ � xzy{��¬á±-­ © t s}ªæ t s}ª Â ©�xzyE��¬á±æ~xzyE��¬á± ­ ³ ���6�6� �õ ���6� Ï Â ���6��� �¤.	 � Ï ­�¦ � ¤ � �m�\Ï ¡ ¦ �6¢
" fs�1=��RÑ��.Ê�î�EGO6b�IdCTU ��� k ¤ � k � � k ��� ��i^]dEVO�[ A!O6EVFGCaFVA!OYC�]dFBHfK��\Ca[ Q�EVO6U§K�Q�O6EGi6C�K\H�	 �6� ² âK�[�X{X!EVO6r�r(CaX�]`[�HVOeã�k �6� ��i�O�Q�MnK\HSCTE�K\H ��� k � ² âhk � FGFVm�UW]d[�ieHVA1K\H-[!O�Ca[�CTEVi�Z
]dFhI`O6FGH$b�Z
A�CNK�HHSO�HVA�C�FVm�EGEVO6m�[!X�]d[�i�Faz�X�C}HSCTEVUW]d[�C$HVA�C-HSO�HSK�I�Ca[9HVEVO6r9Z�_fA1K\[�i6C�O�Q&HSA�C�A�O6EGFVCTFVA�O�C;u�MnK\HVCaEgFGZ�FGHVCaU k÷>C�m�FGC ¾ � ­Å¾ �~� y´¬á«
�,Â�¾ � À���²¥ª�­Çð ó © � y´¬á«
�æ Â�ð ó ©-À���² ªæ ¡ ¦ �9¢

÷�CBIdCNKNj�CnHSA�C�HVCaUWr�CTESK\HVm�EVCnm�[�X�CTE�HSA�C�]`[9HSCai�ESK�IYFV]di�[�b�CT_NK�m�FGC�HSA�C�HVCaUWr�CTESK\HVm�EVCn_fA1K�[�i6CTF�K�F�HSA!C]dEGO6[�_aO�O6IdF
K\[�X�HVA�C�M�K�HSCaE&A�CaK\HSF
m�r�k&÷>C�_aK�[�CyxYr�EVCTFVF ó ©7K�FsQ�O6I`IdO�McFak&ßcCa_aK�IdI�HVA1K\H,©ê­S� h ¾uæ�k½YO ó © � yt¬á«��n­S� � y´¬á«
� h � y´¬á«
� ó æÇK�[�X ó ©-À���² ª�­S�eÀ���² ª h À���²¥ª ó æ�k¾ � ­ ¾ �~� y´¬á«
�RÂ�¾ � À���²¥ª
­ ð ó © � yt¬á«��æ ÂÙð ó ©-À���²¥ªæ
­ ð i :i�<D� � yt¬á«�� � � y´¬á«
� h � y´¬á«
� ó ææ Â ð i :i�<�� À���²¥ª �eÀ���²¥ª h À���²¥ª ó ææ
­ � � y´¬á«
� h � y´¬á«
�1I`[ n

æ7�æ(À � � yt¬á«�� o Â��eÀ���² ª h À���² ª�Id[ n
æ2�æ(À � À���²¥ª o ¡ ¦k	 ¢

McA�CTEVCqæ2�q]dFuHVA�C�D1[1K�InHVCaUWr�CTESK\HVm�EVC\k�lnO�HVA�HVA�Cq]dEGO6[�K�[�X�HSA�C�MnK\HSCTE�EVCNK\_fA�HVA�CqFSK�UWCeD1[1K�IHSCTU^r(CaEVK\HSm!EVC�k�@&OW_NK�I`_am�IdK\HSC$HVA�C-D1[1K�I0HVCaUWr�CTESK\HVm�EVC\z�MnC�m�FGC�©�µ�²�¶p·B­ç³J©�±}² ¬Gk�@BA!]dFcIdCaK�X�F�HSO� � yt¬á«�� h � y´¬á«
�V¾uæ � yt¬á«�� ­ ³��eÀ���² ª h À���² ª�¾uæ(À���²¥ª� � yt¬á«�� h � y´¬á«
��¡�æ7�J³ �N��� �
² â ¢ ­ ³��eÀ���² ª h À���² ª�¡Ëæ2�g³d	 �6�

² â ¢ ¡)ã �9¢�JFG]d[�i h � yt¬á«��J­�ã ��� ö(�ml���i!³
²
h K�[�X h À���²¥ªW­êã6ã � �ml\��i�³

²
h z!MnC�D1[�Xqæ7��­ ¦�¦!kÁ¤

² âÅ­�¦ � ö!k ¤Ï�k1î�Idm�i�i6]d[�iuHVA�]dFB]`[9HSO�CaÆ.kh¡ ¦k	 ¢ Z�]`CaIdX!Fc¾ � ­ �Y��� �ml�Ï�kÌJO�HVC-HSA1K\HcFG]d[�_TC-HSA�C-j6O�Idm�UWC�O�Q,HVA�C-M�K�HSCaEgK�[!Xv]`EVO6[�X�O�[�opHg_fA1K\[�i6C�Uum�_fAv]d[eHSA!]dFcr�EVO�_aCTFVFTzHSA!CaEVC�]`FV[�oÛHgUum�_fA X�]`Þ�CaEGCa[�_TC�b(CTH�M�CaCT[ h 8 K\[�X h�� k�÷>Cn|Gm�FtHJ_aK�IdI�HSA�C�FVr(Ca_T]`D1_�A�CaK\H h k� �,�����&2,'�f
� ã



��[ HVA�]dFcK\r�r�CT[�X�]áx�MnC�Mc]dI`I0FGA�O�MÇHSA1K�HBQ�O6EcKWâ�K�EV[�O\HJCT[�i6]`[�C-McA�]d_fA m�FVCTFhK\[ ]`X�CNK\I�i9K�FTz
©�±y²¥¬©�µ)²¥¶�· ­ æ0±y²¥¬æ0µ�²�¶p· ¡)ã ��¢

� I`O6[�iWHSA�C�]dFVO\HSA�CTEVU^K�I
r1K\HSA � ³(å lhz.HSA�C�HVCaUWr�CTESK\HVm�EVC\z0K\[�X{A�Ca[!_aC�HVA�C�]`[�HVCaEG[1K�I&Ca[�CTEVi�ZvO�QK�[�]`X�CNK\I&i6K�Faz�EVCaU^K�]`[�Fc_aO6[�FtHfK�[9Hak � _T_aO6EGX�]d[�iWHSO#HVA�C�D�EVFGHhILKNMêO�Q�HVA�CaEGU^O�X!Z�[1K�UW]d_TFaz1HSA!CuA�CNK�H©�±}² ¬RK\b�FVO6EGb�CTXqb�Z^HSA�Chi9K�FB]d[#]`HSFnC}xYr1K�[�FG]dO6[�U�m�FGHcb(C$CaÆ�m1K\I0HSOuHVA�C$MnO�EV�
³h¹{±}² ¬,X!O6[�C-]d[^HSA�]`FC}xYr1K\[�FV]`O6[�k�÷>C�FGA�O�MnCTX�]d[eHVA�C�IdCa_}HSm�EGCaFgO6[q_fA1K�r!HVCaE ��� HSA1K�H
©�±y²¥¬s­ç³h¹�±y²¥¬s­ @2B æ�±y²¥¬�Id[ � ô

é
ô è � ¡)ã�¤ ¢

@BA�]`FJK\IdFVO�Q�O6I`IdO�McF�Q�EVO�U�CaÆ.kh¡¥¤�ö ¢ k�½Y]dUW]dIdK�EVI�Z6z�]d[�HSA�C�]`FVO�HVA�CaEGU#K�I0_aO6UWr�EVCTFVFG]dO6[vK�IdO�[�iuHSA�C�r1K\HVAâ�ìuz�M�C�A�K�j�C
©�µ�²�¶�·�­ç³h¹�µ�²�¶p·c­ @2B æ�µ)²¥¶�·(Id[ � ô

í
ô ë � ­ç³ @2B æ�µ�²�¶p·0Id[ � ô

ë
ô í � ¡)ã9¦ ¢

©�µ)²¥¶�·�� � b(Ca_aK�m�FVCJHSA�CJi9K�F�i6]`j�CaFnm!reA�CNK�HBK�I`O6[�i�HSA�CJr1K\HSAeâÅ³�å ìukY@BA!ChFV]`i6[�F�i6CTH�_aO6[YQ�m�FV]`[�iFVOWIdC}HNopFBm�FVC�K�b�FGO6IdmYHSC$j\K�Idm!CaFak�@BA�C�EVK\HS]`O
® ©�±y²¥¬S®®°©�µ)²¥¶�·6® ­

æ0±y²¥¬�I`[?� 8��8=�3�æ�µ�²�¶p·�I`[ � 8;�8;�$� ¡)ã6ã ¢
ÌJO�M�MnC�MnK�[9H�HVOqFVA�O�M HVA1K\H-HVA�C�ESK\HV]dOeO�Q�HSA!CWA!CNK\HVF-CaÆ�m1K�I`F�HVA�C�ESK\HV]dOeO\Q�HVA�CuHSCTU^r(CaEVK\HSm�EGCaFTk½YO�M�C�r�EGOY_TCaCTX
K�FBQ�O6I`IdO�McFak�w.EGO6U HVA�C�]dX�CaK�I�i9K�FBIdKNM�M�C�A�K�j�C�Q�O�E�HSA�C�]dFGO�HSA!CaEVU^K�I�r�EVO�_aCTFVFVCTF

ò è ô è ­ ò é ô é�­ @2B æ�±y²¥¬ò ë ô ë ­ ò í ô í�­ @2B æ�µ)²¥¶�· ¡)ã�õ ¢
w1O6E�HSA!C�K\X�]LK�b�K\HS]`_hr�EGOY_TCaFVFGCaFhK�IdO6[!i�r1K\HSA!FJlê³�å â K�[�Xvì¯³�å � Ê

ò é ô��é ­ ò ë ô��ëò í ô��í ­ ò è ô��è ¡)ã9ö ¢
Ývm�I�HS]`r�I`Z�]d[!igHVA�CaFGCBã$CaÆ�m1K\HV]dO6[!FRHSO6i�CTHSA!CaE�K�[!Xu_NK�[!_aCaI`Id]`[�iJHVA�CnQ)K�_}HSO6E ò è ò é ò ë ò í
O6[�b(O�HVAuFV]`X�CaFTzM�C�O6bYHfK�]`[

ô è ô �é ô ë ô �í ­ ô é ô �ë ô í ô �è ¡)ã �6¢
÷�C�_aK�[ FV]dUWr�I`]`QËZ�HSA�]`FcK�Id]`HGHSI`Chb9Zqi6EVO�m�r�]d[!iuQ)K�_THVO6EVFBHSO�i6CTHVA�CaETÊ

¡ ô é ô í ¢ ���F� ­¸¡ ô ë ô è ¢ ���F� ¡)ã �9¢
O6E ô éô è ­ ô

ë
ô í ¡)ãm	 ¢

ÌJO�MÅr�Idm�i�HVA�]dFB]`[�HVO�CaÆ.kJ¡)ã6ã ¢ HVO�O6b!HfK\]d[�HSA�C�X�CTFV]`EVCaX EVCTFVm�I�HNÊ
©�±y²¥¬©�µ)²¥¶�· ­ æ0±y²¥¬æ0µ�²�¶p· ¡¥õ �9¢

� õ


