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Adiabatically
changing λ;  total
energy E changes 
with λ also.

contour of constant  H
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]�m¬\*W^YFQkYFdXd^IR]�SM¹ % S*Y�QFJ�S�dXs3]�gwNXsMJVN�IcS*H*YkYFH�IcN�H*]qYFdkZ�l*dXIcS*j1NXs*Y·J�H3IKJ�LMJONPIRQEIRSUTVJ�W^IKJ�S*QkY�]Vm����³L~YkQhJ�l*d^Y
J�SUoBb�J�j�S*Y§NPIcQ��MYFfcH²fcIRS*Y�QFJ�S²L~Ypl*S*Ic�[l*YFf{o�dX\uYFQkIc�MYkH¡LUoBI{NPd�J �FIcb�l3NXsMJ�f�JVS*j�fRY��@JVS*H�H3IRd^NPJ�S*QkYpNX]
YhJVW^NPs � �/G·N�J�SUopj�IcT�YFS�J �FIcb�l3NXsMJ�f*JVS*j�fRY��µJ�d8NPs*Y D� ���MS*IRd^s*YFdE]�S*Y|W^]�l*S*Hz]�m~\*WXYkQFYFd^dXIc]�S¬�§Z[NPs3YFWXY|Icd
]�S*f{oz]�S*Y�H*Ykj�WXYkY%]�m-mnWXYkYFH*]�b
Z � ZqNPsMJVN�QF]�l3fRH�sMJhT�Y%Q}sMJ�S*j�YkH�� ��l3N�I{m �BIRd�IRSUTVJ�WXIRJ�SUN�g�Y�g�]�l*fRH�s*J`T�Y
]�S*YiQk]�S*d^NXWPJ�IcSUNhZMJ�S3H
S*]p�MYkfRH°fRIcS*YFd�S*YFJ�WXLUo°Qk]�l*fRH°b�J�j�IcQhJ�fcfcopQF]�b�Y%l*\°g|IcNXs>NXs*YidPJ�bzY ���;G®S*H
d^]
NPs3Y D� � b�l*deN®Qk]�bzY%LMJ�Q}��NP]�NXs*Yi]�WXIcj�IRSMJVfu�MYkfRH°fRIcS*YiJVmNXYFW�]�S*YiW^]�l*S*H>]�m�\*WXYkQFYFd^dXIc]�S��
±Õm·NXsMJVN�Icd�NXs*YzQhJ�d^Y�Z�NPs3YFS¡NXs*Y�\*W^YFQkYFdXd^IR]�S � �n¥ �§¦ �%Icd¤JVfRdX]�J
\uYFW^IR]qH*IRQpbz]�NPIc]�S�Z-g|s*IRQ}s¡fRYhJVH*d�NX]�NPs3Y
��s*IcWXH°G1H*IRJ�LMJVNXIRQ�±¾SUTVJ�W^IKJ�SUN

� � � $ � � ������� �	� 4 � � �D� �e� �[�
% S*YBb�J`otTqIRYkg NPs3YBb�]�NXIR]�S J�d°J�S �^YFS3fKJ�W^j�YFH T�YFWXd^IR]�S �v]Vm�NXs*Y !J�b�]�W�j�oqWPJVNXIR]�SºZ®JVS*H IRS mµJ�Q§N
� IRd�H*Yk�MS3YFH�NP]BLuY�NPs3Y�NP]�NPJ�fEb�J�j�S*YkNXIRQ %Mla_@NXs*WX]�l*j�s¡NXs*Y�LMJ�W^WXYkf�dXs*J�\~YkHwYFSUT�YkfR]�\uY�]�m|bz]�NPIc]�S�Z
g|s*IcQ}s�d^s*]�l*fcHzW^YFb�J�IRS�S3YhJ�W^fco�Qk]�S*d^NPJ�SUNEYkT�YkS�I{m~NXs*Y�YhJ�WeNPs�� dEb�J�j�S*YkNXIRQ·Qk]�S3�Mj�l3WPJVNXIR]�S�Q}sMJVS*j�YFd;g|IcNXs
NPIcb�YVZ*dX]zfR]�S*jzJ�dCNXs*Y%NPIcb�YkdXQhJVfRY%]�m/Q}sMJ�S*j�Ykd®Icd|b�l*Q}s�j�WXYhJONPYFW�NXsMJ�S°NPs*Y�\*WXYkQFYkdXdXIc]�S�\uYFW^IR]qH��E��sMJVNhZ
s*]`g�YkT�YkWFZ8Icd�]�mNXYFS�S*]�N�dPJVNXIRd^�*YFH@LuYFQFJ�l*dXY�NPs*Yz\*WXYkQFYkdXdXIc]�S�\uYFWXIc]aH²]�m·J
Q}sMJ�W^j�YFH¡\MJ�W^NXIRQkfRYpIRd��[l*IcNXY
fR]�S*j*��G®S*H
d^]zNXs*YiIRSUTVJ�WXIRJ�S*QkY%]�m(� $ Icd�S*]�NCJ�d|W^]�L*l*deN1JVd �i´·]�W�� � �
±¾S�NPs*Y·J�L~]`T�YC\3WX]qQFYFd^d8]�muQF]�S3d^NPW^l*QkNXIRS*j � � � � $ �§Z�g�Y�dXYkY|NXsMJVN8]�S*Y�IRSUT�]���YFd8NXs*Y�J�H*IRJ�LMJVNXIRQ�IRSUTVJ�WXIRJ�S*QFY]�m���´F� � � ��Z�g|s*IRQ}spsMJVd;Jid^b�JVfRfRYkW/d^QhJ�fcY�ZUJ�S3HzIcS�mµJ�QkN;Icd/NPs3Y�LMJ�dXIcQ�QF]�S3d^NPI{NPl*YkSUN;]�m¬NPs*Y�fRJ�WXj�YkW�bz]�NPIc]�S����s*Icd �^L~]q]�NXd^NPWXJ�\*\*IcS*j ��\3WX]qQFYFH3l*WXY|]�m~QF]�S3d^NPW^l*QkNXIRS*j�J�s*IcYFWXJ�WXQ}sUo�]�m~IRSUTVJ�W^IKJ�SUNPd/IRd8J%LuYhJ�l3NXIcmnl*faWXYkdXl*f{N
]�m�\*sUoqdXIRQkdF�
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-YkNCbzY%H*Yk�MS3Y�NXs*Y�J�QkNXIR]�S�IcS[NXYFj�WXJ�f	���µJ�H*IKJVLMJVNPIcQ1IcS[TVJ�W^IKJ�SUN}��NP]pL~Y�J �*� � � ���È¨��
���Ë¢

� �
� � � ��� � �

�e� � �
]�mº¢ J�S*H � g|s*IcQ}s�s*J�d�NPs*Y|IcS[NXYFW^\*WXY§N}JVNXIR]�S�NXsMJVN;Icm¬g�Y�mnWXYFY �FY � JVN8NXs*Y�bz]�b�YkSUNEJ�S*HpfRY§N�NPs*Y|deoadeNPYkb
j�]>JVN%Qk]�S*deN}J�SUNiNP]�NPJ�f�YkS*YFW^j�oy¢�Z �(Icd�NPs*Y�\3sMJ�dXYpd^\MJ�QFYzJ�W^YhJ�YFS3QFfR]�dXYFH²LUo�NPs3Y�]�WXL*I{N%H*l*W^IRS*j°]�S3Y
\uYFWXIc]aHº�8��]zWXYkIcNPYkWPJVNXY�Z�� H*Yk\~YkS*H*d®]�S � L~YkQhJ�l*d^Y � H3YkNPYkWXbzIRS*Ykd�NPs*Y�x1JVb�IcfcNP]�S*IKJ�S�
 � H*Yk\~YkS*H*dC]�S
¢ L~YkQhJ�l3dXYpIcNiIcd�NPs*YpYFS3YFWXjVo�g�YzfRY§N%NPs*YpdeoadeNPYkb j�]��µdXYkY���IRj*� 8�� 
��(H*]aYkdiS*]�N�H*YF\uYFS3H�]�S�� � � �

�
LuYFQhJVl*dXY�IcN�H3]aYkd®S*]VN|b�JVN^NPYkW·g|s*YFW^YiNX]�deN}J�WeN|]�S
JpQkfR]�d^YFH>]�WXL3IcNh�
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g|s*YkWXY�� IRd·NXs*Yi\~YkWXIR]qH�]�m³NPs*Yi]�W^L*IcNFZMJ�mnl*S*Q§NPIR]�S>]Vm�¢�J�S*H � �
��������� �

��Y®g�J�SUN�NP]�IRSUT�YFd^NXIRjUJONPYCs*]`g b�l*Q}s �¶Q}sMJ�S*j�YFd·I{mº]�S3Y®TVJ�WXIcYFd�¢��/¢"! ¢ �$# ¢�Z[L*l3N��3_aIRS*j � � -Y§N
bzY¤H*WXJ`g#]�W^L*IcNXd 
 � � � ��� � �·� ¢ JVS*H 
 � � � ����� ���#¢ �%# ¢ ]�S��/IRj*��8a� �Eo�H*Y§�MS*I{NPIR]�S�Z # �¸Icd®NPs3Y
J�W^YhJ�]�m³NPs*YidXs*J�H*YFH
fKJho�YkWFZ

# �¶��� � � 4 # + �
�e� 8��

g|s*YkWXY � �³IRd|JpdXYkj�b�YkSUN®]Vm�NXs*YiQFIRW^QFl*fRJ�W·\MJONPs'&

� �-� � � � � � � � � � � � � �
�e� � �

J�S*H # + IRd�NXs*YpfKJho�YkW%NPs*IcQ}�qS3YFdXdk� �qIRS*QkYpNXs*Yp]�WXL3IcNPdiJVWXYpS*]�NXs*IRS*j�]VNPs*YkWiNXsMJ�S²QF]�SUNX]�l*WifRIcS*YFd�]Vm�NPs3Y

( Â�Ã�ÉeÑÈÉ�ÅµÉ^ÉeÏ�Å/ÇËÊ%ó�É�ÅµÊkÏ·É�ÊIAkÉeÑÈÓÆÒ§Ì�Ê§Î~Ô�ÊkÏ�É^ÔOÍáÓ»Ò}ÇÈñ�ÑÈÉ�ÃOÉeÑÈÉ§ð[ó�É^Í^Ò�ñOÅËÉ*),+ ,.-0/21436587/9143;:67*< 26=?>A@=�6CB�4/Ä»Å8Ò�Ó»ÅµÊ%ÍeÒ§ÓÖÓÆÉ^ù�ÇËÃOÉë§çeâRè{ä}à�ÄÖÔCÇËÃ�É�ÌOÒ}ÇÈÃCÄÆÔkÇÈÉeòkÑÈÒ§Ó�Î½Ê§ÑÈÏEñOÓÆÒ�ÇËÄÆÊ§Ô�Ê�Î3ÍáÓ»Ò§ÅÈÅµÄ»ÍeÒ§ÓVÒ�ÔVùEDFñOÒ�ÔFÇËñOÏ¡ÌOÃFÐ`ÅËÄÆÍ^Åeð?F / ) + , .�ÚMÂ�Ã�É^Ð�Ò�ÑÈÉ³ÍáÓÆÊkÅËÉeÓÆÐ·ÑËÉ^ÓÆÒ�ÇËÉ^ù[ðÃ�Ê}úºÉ�AkÉeÑXð�ÅËÄÆÔOÍáÉ < ,HG�@=JI�K�ð[ÇËÃhñOÅJ) + ,.-�L 143 5 7NM /2143 5 7L 1O3 : 7NM /91O3 : 7 GPBQ=�I�KRB�4¾ð 2«Î½ÑÈÊ§ÏSF 1 L M /T7 ) + ,-.CúºÉ�ÍeÒ§Ô¤ù`É^ÑËÄBA§ÉVU³Ò§Ï·ÄÖÓÖÇËÊkÔ9= ÅÉWDFñOÒ�ÇËÄÆÊ§ÔOÅ 6¾ðaÒ�ÔOù�ÅËÊ1ÄÖÎ�ú~É·Ì�Ä»Í $�Ò�ÍáÓÆÊkÅËÉ^ù�ÇËÑÕÒYXnÉXÍ¾ÇÈÊ§ÑÈÐ§ðZ) + ,[)\I�]J^�ú-Ã�ÉeÑÈÉ*^tÄ»Å/ÇËÃOÉ·ÇËÊ�ÇÕÒ�Ó¬É^Ô�ÉeÑÈò§ÐiÒ§ÔOù_]wÄ»Å�ÇËÃOÉÌ�ÉeÑÈÄÖÊ`ùUÚ0`�Å�ú~É;ÅËÃOÒ�ÓÆÓ[ÅËÉeÉ§ðhÇÈÃ�Ä»Å!ÍáÓÆÊkÅËÉeÓÆÐ|ÑÈÉ^ÅËÉeÏEóOÓÖÉXÅuÇÈÃ�É;ÅµÇÈÒ}ÇÈÄÆÅµÇËÄ»ÍeÒ§ÓUÏ·É^ÍÕÃOÒ§Ô�ÄÆÍ^ÅºÎ½Ê§ÑÈÏEñ�Ó»ÒVa ,HbHI Ndc�Úe Ø~Ò§ÏvÒ�ÓÖÄÖÇµÇÈÓÖÉ�úºÊ§ÑÈÑËÄÆÉ^ù|Ò§óVÊkñ`Ç�ÇËÃ�É;ù�ÄÖÏ·ÉeÔVÅµÄÆÊ§Ô®Ê�ÎqÇÈÃ�Ä»ÅfDkñVÒ�ÔFÇËÄÖÇnÐ§ð`ó�ñ�Ç!Ê§Ô�É�ÍeÒ§Ô1Ò§ÓÖú�ÒPÐ`Å�)OÑÕÅµÇºÔ�ÊkÔOù`ÄÆÏ·ÉeÔOÅËÄÖÊkÔOÒ�ÓÆÄhgeÉ�GÒ�ÔVùR=hðOÒ§ÔOù®ÇËÃ�É^Ô�Ì�ÑËÊ`ÍeÉeÉ^ù[Ú
���
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E+δE

δh

dl

E

p

q

�/Icj�l*W^Y&8a�8�·g�]�H*I��~YFW^YFSUN|]�W^L*IcNXd�H*l*YiNP]pH*I��~YFW^YFSUN®¢��

mnl*S*Q§NPIc]�S 
 � � � ��� � �§Z # + b�l*d^NCLuYiIRS�NPs*YidXJ�b�Y%H3IRWXYkQkNXIR]�S°J�d�NXs*Yij�WPJ�H3IRYFSUN|]�m 
 IcS�� � � �
��dX\*J�QFYVZ
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� � �

��
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 �� � �e�`�U�
g|IcNXs

� � 
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� � �U�

J�S*H>dX]�NXs*YifKJho�YkW|NXs*IRQ}�[S*YkdXd®b�l*d^N|LuY
# + � # ¢� � 
 � � � ���

JVN|YFJ�Q}s�\u]�IRSUNF����s[l*dFZ

# � � � � � � � � � � � � � � � 4 # ¢
	 �� � � �� �� # ¢ � � , � � �	� �

J�S*H°NPs3Y�fcYFbzb�J�IRd�\*W^]�T�YFH��
�8�[S��@�á�70U�%QhJ�S¡L~Y�J�\*\*fcIRYFHyNP]�dXIRbz\*fcYzs*J�WXbz]�S*IcQz]�dXQFIcfRfRJVNP]�W^dF� �qIRS*QkY�NPs3Y�\uYFWXIc]aHºZd� � ���  `�CZ�Icd
IRS3H*YF\uYFS*H3YFSUN�]Vm�¢zZ�J�S3Hv]�L[TqIc]�l*dXf{o ���µ¢�� �

� �
�z� �3Z;NPs*YkWXY°b�l*deN�LuY ���µ¢

� �
�z� ��� ¢� ��CZ;IcS

J�j�W^YFYkb�YkS[N|g|I{NPs>�8�qSº�1�á���§�
���
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p (p’)

q

δp

H (p’,q| λ+δλ) = E

H (p,q| λ) = E

�/Icj�l*WXY � �;�·g�]zH*I��~YFW^YFSUNC]�WXL3IcNPd�H3l*Y%NP]pH*I��~YFW^YFSUN � �
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��s*IcdCQk]�WXW^YFd^\~]�S3H*dCNX]zJpd^fRIcj�sUNPfco�H*I �ºYkWXYFSUNC\*IcQkNPl3WXYz�Ë��IRj*� � �§�;��s*YiS*Ykg ]�WXL*I{N�IRd�S3]�g H*Yk�*S*YFH
L[o
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�

� � �[�
g|s*IcfRY�NPs3Y�]�fRH�]�S*YiIcd�H*Yk�MS3YFH�LUo
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g|s*YkWXY�±�Q}s*]q]�dXY%NXs*YidPJ�bzY � mn]�W·NPs3YiN¾g�]*ZML*laN � g�]�l*fcH
H*I �ºYkW�dXfcIRj�sUNPf{o�Z

# � � ���  � � � � 0U�

�³]>fcYhJ�H3IRS*j�]�WXH*YkWFZ # �(IRd1NXs*YpJ�W^YhJ�]�m;NPs3Y�dXsMJ�H3YFHyd^NXWXIR\v�NPs*]�dXY�fRY§mN%]�l3N�]�SBNPs*Y�N¾g�]°dXIRH3YFdiJ�W^Y�]�m
s*Icj�s*YFW�]�WXH*YkWCLuYFQFJ�l*d^Y�NXs*Y%g|IRH3NXs>]Vm�NXs*Yi]�WXL*I{N|IcNXdXYFf{m!T�JVS*IRd^s*YFd�NPs3YFWXYh�§�;G1S3H
d^]

# �¿� � � � 4 # � � � � 8��
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�8�qSº�1� � � ��Z3NPs*YkWXYiIRd
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J�S*H°NPs[l*d
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��
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�a]
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g|s*IcQ}s
±�Q}s*]a]�dXY%NP]�g|WXI{NPY�J�d
# � �  # � 4 � ��
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g|s*YkWXY ��
   � � IRd®H*Yk�*S*YFHBNP]�LuY¤NXs*Y�QFIcWXQkl*fKJ�W|NPIcb�Y�JhT�YkWPJ�j�Y�]Vm ��
   � � J�d � Icd®mnW^] �FYkSyJ�S*Hv� � � �
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