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1. NPO V QSRPT T UWVPXZY[N]\P^`_baPcdUfePgihbjlknmporqtsWuwvWUWYbNdxW^W_wyrzlk|{~}��`vP�SQWNrO�\ a2VgZ�Z��}bur�w�fUZ�fg����w�WuZ}Z����QP�P_w�dx γ �|��sWu
(a) ^�_fy�z[�~U`Y[N�U�RbT�x����w�Wu

( � )

(b) v`USYZN]\P�`�f���b�bVrX[YbNp���|��sp��QW��_w� γ Ui�~\PQS�ZNf�f�i�b� �Z�¡orQ�q£¢Z¤igP�]sS¥`�d��`uZ¦b}�Qdv`U��P_w��UW�b�£x�§wq¨s��©Q[^`_wy�z[��U�R�T¨ª�Q�yPz]«]U`¬��g���sW¥����]�Su

(γ) ( ¬b )

(c) ^�_fy�zw«~gW�[®]o�QPy�z[�~U`Y[N�UW¯]°P± 2 ²[³ZT √
< v >2 \W¬ZdgZ�]s�¥W�£�f�`u

( ¬b )

2. ´fµ[¶ n = 1 [mol] Ur�r�[�Z�b�bVPX[Y[Np\w·ws¡¸r¹fº p Q�NrO V Q�RZT T »]·wsp�¼��s`u��f�fUZ�fgi���w�Su}[�£��QrY[Nf½r��x R �Z�©QP�]�[U[�bUW¾Z��g�ªPQ�¿wÀ�g�ÁÃÂÄo p, V, T,R xS§fqwoZÅ�q¨Æ�U��n��s�u
(a) Ç[ÈbÉbÊwË¨xSÌtÍ��¨kÄqfu �
(b) Î[Rr¹[ÏwÐ κT x����w�Wu

κT

(c) ( N�O ) ÑpÒ�Ð β xi���]�Su

β



3. Î[Rr¹[ÏwÐ κT �¡^`_Z¹[ÏwÐ κad g�Ó`��s�Ô]U`ÕwÖwU�×rØ�gb·�o[ªZ¦ps�Ù L QPËdxÄ�£�f�Wu
^i_�y�z (δQ = 0) »�ªSQnÚiÛrÜ�Ý�Þ�ß�à�U�y�z�� ∆U ªSQá_rº G�âPã�äWå ¥d¤ ∆U = δQ+δW = δW = −p∆V u�¼æP{£s`upvSU�Ë~g`ç[qZo ∆U → dU Q ∆V → dV gSÌtÍ�è��fs]��Q U, p, V UZé[g�êìë|í�îpÓ�ïpË (a) = 0xið£s`u�¦b}�Q U \ p � V x 2 y��ñ�|�£s�Ó�� ( �]òZ»[ª ó U ª p � V U 2 y��¨Ó��wôwU���õög]��÷ ) �n��s�ÄQ dU = (b) �öæb{øs`utvZv`»bQw� (a) � (b) »Pùwqw} 2 î�UfÓ�ïpË£�¨ë dU U�ú�xWûZüb��s��¡Q U, p, V

U[é[g�êýë¼í�î�ÓiïpË (c) = 0 xÄðøsWu¨vWU[� (c) U`þbÿ~¥�¤�Q (
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= (d) x�ð�s`u
Ôtg�Q U \ T � p U 2 y��¨Ó��t»PQw¥�î T \ p � V x 2 yb� �n��srÓ��t���¼�£s��©Q
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· (g) x�ð�s`u
¦P}PQ T \ p � V U 2 yr�¨Ó��ñ�|��s���Q dT = (h) �¼æ�{�sSupvWU`Ë]¥£¤�Q�Î�Rby�z (dT = 0) x	�w½

��sp�©Q (
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�wUtv]��¥£¤©QrÎ[Rr¹fÏfÐ κT �©^�_b¹fÏfÐ κad UZéfgbªrQ (k) UZÓ�ï]Ëp\Wê ë|íbî�vp�Ä\��p¥~s`u
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