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Equilibrium Relations
Quasi-static and reversible processes
A quasi-static locus or process is a curve drawn on the entropy surface in 
thermodynamic configuration space. (Goes only through equilibrium states)

Composite system

Taken from Callen, Sec. 4-2.

Only for quasi-static processes can we 
write.    dQ = TdS and dW = -PdV

A real process can, at best, only closely 
mimic a quasi-static one since practically 
all systems always have some non-zero 
relaxation time.

Relaxation time - roughly, the time taken 
for a system to arrive at thermodynamic 
equilibrium following a change of state 
variables.



Equilibrium Relations
Quasi-static and reversible processes

Suppose we start a  closed system off at a state A on the curve. 

Composite system

Taken from Callen, Sec. 4-2.

The system is made to go to state B by 
relaxing a suitable internal constraint.


E.g. slightly relaxing a diathermal piston in 
a closed cylinder with two compartments 
of gas. 

By postulate 2, state B will correspond to 
the maximum entropy among accessible 
configurat ions, inc luding the one 
corresponding to state A.

i.e. SB > SA



Equilibrium Relations
Quasi-static and reversible processes

Thus, the process A->B can be “realised”. 


What about B->A?

Composite system

Taken from Callen, Sec. 4-2.

No. Because entropy of the closed 
system cannot be lowered.


Thus, A->B is called an irreversible 
process. 


The corresponding path can only be 
traversed one way.

Similarly, controlled release of the 
constraint can be used to travel along the 
locus from A to H. All the while, the 
entropy is strictly non-decreasing.



Equilibrium Relations
Quasi-static and reversible processes

What if, in a quasi-static process, 
the entropy does not change?


Such a process is called a 
reversible process.

Reversible process

Taken from Callen, Sec. 4-2.

E.g. quasi-static heat exchange 
between the two compartments at 
the same temperature.

What about quasi-static heat 
e x c h a n g e b e t w e e n t w o 
c o m p a r t m e n t s a t d iffe re n t 
temperatures? (Spontaneity)



Equilibrium Relations
Maximum work theorem

Consider a system which is to undergo a process between two specified states. 
The system is in contact with a reversible work source and reversible heat source.


Then, for all processes connecting the initial to the final state of the primary system, 
the delivery of work is maximum (and the delivery of heat is minimum) for a 
reversible process. 

System 
State A -> State B

Reversible  
Heat Source

Reversible  
Work Source

��U = UA � UB
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Reversible Heat Source 
Made of rigid, impermeable walls and v.v. low 
relaxation times. => All processes are 
essentially quasi-static. 

dU = dQ = TdS = C(T) dT

Reversible Work Source 
Made of adiabatic, impermeable walls and v.v. 
low relaxation times. => All processes are 
essentially quasi-static.

dU = dW



Equilibrium Relations
Maximum work theorem

Consider a system which is to undergo a process between two specified states. 
The system is in contact with a reversible work source and reversible heat source.


Then, for all processes connecting the initial to the final state of the primary system, 
the delivery of work is maximum (and the delivery of heat is minimum) for a 
reversible process. 

�U +WRWS +QRHS = 0
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System 
State A -> State B

Reversible  
Heat Source

Reversible  
Work Source

��U = UA � UB
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QRHS
<latexit sha1_base64="75HR290qg9b0oYpMmjaVt75qusA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS4+tWltoQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHj0aOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKV2s1+dle/n/bLFbfqzkFWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzslZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDaz4RKUuSKLRaFqSQYk9nvZCA0ZygnllCmhb2VsBHVlKFNqGRD8JZfXiWPF1XPrXrNy0rtJo+jCCdwCufgwRXUoA4NaAGDMTzDK7w5ifPivDsfi9aCk88cwx84nz//ZY9V</latexit><latexit sha1_base64="75HR290qg9b0oYpMmjaVt75qusA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS4+tWltoQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHj0aOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKV2s1+dle/n/bLFbfqzkFWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzslZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDaz4RKUuSKLRaFqSQYk9nvZCA0ZygnllCmhb2VsBHVlKFNqGRD8JZfXiWPF1XPrXrNy0rtJo+jCCdwCufgwRXUoA4NaAGDMTzDK7w5ifPivDsfi9aCk88cwx84nz//ZY9V</latexit><latexit sha1_base64="75HR290qg9b0oYpMmjaVt75qusA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS4+tWltoQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHj0aOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKV2s1+dle/n/bLFbfqzkFWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzslZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDaz4RKUuSKLRaFqSQYk9nvZCA0ZygnllCmhb2VsBHVlKFNqGRD8JZfXiWPF1XPrXrNy0rtJo+jCCdwCufgwRXUoA4NaAGDMTzDK7w5ifPivDsfi9aCk88cwx84nz//ZY9V</latexit><latexit sha1_base64="75HR290qg9b0oYpMmjaVt75qusA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS4+tWltoQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHj0aOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKV2s1+dle/n/bLFbfqzkFWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzslZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDaz4RKUuSKLRaFqSQYk9nvZCA0ZygnllCmhb2VsBHVlKFNqGRD8JZfXiWPF1XPrXrNy0rtJo+jCCdwCufgwRXUoA4NaAGDMTzDK7w5ifPivDsfi9aCk88cwx84nz//ZY9V</latexit>

WRWS
<latexit sha1_base64="dDQg/tFzXpRVyGIfDIcbirc9Mrs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVNoQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM95iiUx0O6SGS6F4CwVK3k41p3EouR+Orqe+/8S1EYl6wHHKg5gOlIgEo2gl3+/ld/79pFetuXV3BrJMvILUoECzV/3q9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns3Ak5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/8zoZRpdBLlSaIVdsvijKJMGETH8nfaE5Qzm2hDIt7K2EDammDG1CFRuCt/jyMnk8q3tu3bs9rzWuijjKcATHcAoeXEADbqAJLWAwgmd4hTcndV6cd+dj3lpyiplD+APn8wcfio9q</latexit><latexit sha1_base64="dDQg/tFzXpRVyGIfDIcbirc9Mrs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVNoQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM95iiUx0O6SGS6F4CwVK3k41p3EouR+Orqe+/8S1EYl6wHHKg5gOlIgEo2gl3+/ld/79pFetuXV3BrJMvILUoECzV/3q9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns3Ak5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/8zoZRpdBLlSaIVdsvijKJMGETH8nfaE5Qzm2hDIt7K2EDammDG1CFRuCt/jyMnk8q3tu3bs9rzWuijjKcATHcAoeXEADbqAJLWAwgmd4hTcndV6cd+dj3lpyiplD+APn8wcfio9q</latexit><latexit sha1_base64="dDQg/tFzXpRVyGIfDIcbirc9Mrs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVNoQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM95iiUx0O6SGS6F4CwVK3k41p3EouR+Orqe+/8S1EYl6wHHKg5gOlIgEo2gl3+/ld/79pFetuXV3BrJMvILUoECzV/3q9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns3Ak5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/8zoZRpdBLlSaIVdsvijKJMGETH8nfaE5Qzm2hDIt7K2EDammDG1CFRuCt/jyMnk8q3tu3bs9rzWuijjKcATHcAoeXEADbqAJLWAwgmd4hTcndV6cd+dj3lpyiplD+APn8wcfio9q</latexit><latexit sha1_base64="dDQg/tFzXpRVyGIfDIcbirc9Mrs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVNoQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM95iiUx0O6SGS6F4CwVK3k41p3EouR+Orqe+/8S1EYl6wHHKg5gOlIgEo2gl3+/ld/79pFetuXV3BrJMvILUoECzV/3q9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns3Ak5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/8zoZRpdBLlSaIVdsvijKJMGETH8nfaE5Qzm2hDIt7K2EDammDG1CFRuCt/jyMnk8q3tu3bs9rzWuijjKcATHcAoeXEADbqAJLWAwgmd4hTcndV6cd+dj3lpyiplD+APn8wcfio9q</latexit>

�Stotal = �S +�SRHS
<latexit sha1_base64="awIRu74FBvYRfbG9nqt/C/47qhE=">AAACFXicbVDLSgNBEJz1GeNr1aOXwSAIStgVQS9CUA85RmMekCzL7GQ2GTL7YKZXCEt+wou/4sWDIl4Fb/6Nk2RFTSxoKKq66e7yYsEVWNanMTe/sLi0nFvJr66tb2yaW9t1FSWSshqNRCSbHlFM8JDVgINgzVgyEniCNbz+5chv3DGpeBTewiBmTkC6Ifc5JaAl1zxqXzEBBFfdFCIgYojP8beED/GPe1OuDl2zYBWtMfAssTNSQBkqrvnR7kQ0CVgIVBClWrYVg5MSCZwKNsy3E8ViQvuky1qahiRgyknHXw3xvlY62I+krhDwWP09kZJAqUHg6c6AQE9NeyPxP6+VgH/mpDyME2AhnSzyE4EhwqOIcIdLRkEMNCFUcn0rpj0iCQUdZF6HYE+/PEvqx0XbKtrXJ4XSRRZHDu2iPXSAbHSKSqiMKqiGKLpHj+gZvRgPxpPxarxNWueMbGYH/YHx/gWhsZ01</latexit><latexit sha1_base64="awIRu74FBvYRfbG9nqt/C/47qhE=">AAACFXicbVDLSgNBEJz1GeNr1aOXwSAIStgVQS9CUA85RmMekCzL7GQ2GTL7YKZXCEt+wou/4sWDIl4Fb/6Nk2RFTSxoKKq66e7yYsEVWNanMTe/sLi0nFvJr66tb2yaW9t1FSWSshqNRCSbHlFM8JDVgINgzVgyEniCNbz+5chv3DGpeBTewiBmTkC6Ifc5JaAl1zxqXzEBBFfdFCIgYojP8beED/GPe1OuDl2zYBWtMfAssTNSQBkqrvnR7kQ0CVgIVBClWrYVg5MSCZwKNsy3E8ViQvuky1qahiRgyknHXw3xvlY62I+krhDwWP09kZJAqUHg6c6AQE9NeyPxP6+VgH/mpDyME2AhnSzyE4EhwqOIcIdLRkEMNCFUcn0rpj0iCQUdZF6HYE+/PEvqx0XbKtrXJ4XSRRZHDu2iPXSAbHSKSqiMKqiGKLpHj+gZvRgPxpPxarxNWueMbGYH/YHx/gWhsZ01</latexit><latexit sha1_base64="awIRu74FBvYRfbG9nqt/C/47qhE=">AAACFXicbVDLSgNBEJz1GeNr1aOXwSAIStgVQS9CUA85RmMekCzL7GQ2GTL7YKZXCEt+wou/4sWDIl4Fb/6Nk2RFTSxoKKq66e7yYsEVWNanMTe/sLi0nFvJr66tb2yaW9t1FSWSshqNRCSbHlFM8JDVgINgzVgyEniCNbz+5chv3DGpeBTewiBmTkC6Ifc5JaAl1zxqXzEBBFfdFCIgYojP8beED/GPe1OuDl2zYBWtMfAssTNSQBkqrvnR7kQ0CVgIVBClWrYVg5MSCZwKNsy3E8ViQvuky1qahiRgyknHXw3xvlY62I+krhDwWP09kZJAqUHg6c6AQE9NeyPxP6+VgH/mpDyME2AhnSzyE4EhwqOIcIdLRkEMNCFUcn0rpj0iCQUdZF6HYE+/PEvqx0XbKtrXJ4XSRRZHDu2iPXSAbHSKSqiMKqiGKLpHj+gZvRgPxpPxarxNWueMbGYH/YHx/gWhsZ01</latexit><latexit sha1_base64="awIRu74FBvYRfbG9nqt/C/47qhE=">AAACFXicbVDLSgNBEJz1GeNr1aOXwSAIStgVQS9CUA85RmMekCzL7GQ2GTL7YKZXCEt+wou/4sWDIl4Fb/6Nk2RFTSxoKKq66e7yYsEVWNanMTe/sLi0nFvJr66tb2yaW9t1FSWSshqNRCSbHlFM8JDVgINgzVgyEniCNbz+5chv3DGpeBTewiBmTkC6Ifc5JaAl1zxqXzEBBFfdFCIgYojP8beED/GPe1OuDl2zYBWtMfAssTNSQBkqrvnR7kQ0CVgIVBClWrYVg5MSCZwKNsy3E8ViQvuky1qahiRgyknHXw3xvlY62I+krhDwWP09kZJAqUHg6c6AQE9NeyPxP6+VgH/mpDyME2AhnSzyE4EhwqOIcIdLRkEMNCFUcn0rpj0iCQUdZF6HYE+/PEvqx0XbKtrXJ4XSRRZHDu2iPXSAbHSKSqiMKqiGKLpHj+gZvRgPxpPxarxNWueMbGYH/YHx/gWhsZ01</latexit>

Thus, maximum work => minimum heat 
flux => minimum entropy change for RHS 

The extreme occurs for a reversible 
process �Stotal = 0

<latexit sha1_base64="nVUF5A4unzR0ubuCymTrvWmw4GM=">AAAB/XicbVDLSgNBEJz1GeNrfdy8DAbBU9gVQS9CUA8eI5oHJEuYncwmQ2ZnlpleIS7BX/HiQRGv/oc3/8ZJsgdNLGgoqrrp7goTwQ143rezsLi0vLJaWCuub2xubbs7u3WjUk1ZjSqhdDMkhgkuWQ04CNZMNCNxKFgjHFyN/cYD04YreQ/DhAUx6UkecUrASh13v33NBBB818lAAREjfIG9jlvyyt4EeJ74OSmhHNWO+9XuKprGTAIVxJiW7yUQZEQDp4KNiu3UsITQAemxlqWSxMwE2eT6ET6yShdHStuSgCfq74mMxMYM49B2xgT6ZtYbi/95rRSi8yDjMkmBSTpdFKUCg8LjKHCXa0ZBDC0hVHN7K6Z9ogkFG1jRhuDPvjxP6idl3yv7t6elymUeRwEdoEN0jHx0hiroBlVRDVH0iJ7RK3pznpwX5935mLYuOPnMHvoD5/MHGluUVA==</latexit><latexit sha1_base64="nVUF5A4unzR0ubuCymTrvWmw4GM=">AAAB/XicbVDLSgNBEJz1GeNrfdy8DAbBU9gVQS9CUA8eI5oHJEuYncwmQ2ZnlpleIS7BX/HiQRGv/oc3/8ZJsgdNLGgoqrrp7goTwQ143rezsLi0vLJaWCuub2xubbs7u3WjUk1ZjSqhdDMkhgkuWQ04CNZMNCNxKFgjHFyN/cYD04YreQ/DhAUx6UkecUrASh13v33NBBB818lAAREjfIG9jlvyyt4EeJ74OSmhHNWO+9XuKprGTAIVxJiW7yUQZEQDp4KNiu3UsITQAemxlqWSxMwE2eT6ET6yShdHStuSgCfq74mMxMYM49B2xgT6ZtYbi/95rRSi8yDjMkmBSTpdFKUCg8LjKHCXa0ZBDC0hVHN7K6Z9ogkFG1jRhuDPvjxP6idl3yv7t6elymUeRwEdoEN0jHx0hiroBlVRDVH0iJ7RK3pznpwX5935mLYuOPnMHvoD5/MHGluUVA==</latexit><latexit sha1_base64="nVUF5A4unzR0ubuCymTrvWmw4GM=">AAAB/XicbVDLSgNBEJz1GeNrfdy8DAbBU9gVQS9CUA8eI5oHJEuYncwmQ2ZnlpleIS7BX/HiQRGv/oc3/8ZJsgdNLGgoqrrp7goTwQ143rezsLi0vLJaWCuub2xubbs7u3WjUk1ZjSqhdDMkhgkuWQ04CNZMNCNxKFgjHFyN/cYD04YreQ/DhAUx6UkecUrASh13v33NBBB818lAAREjfIG9jlvyyt4EeJ74OSmhHNWO+9XuKprGTAIVxJiW7yUQZEQDp4KNiu3UsITQAemxlqWSxMwE2eT6ET6yShdHStuSgCfq74mMxMYM49B2xgT6ZtYbi/95rRSi8yDjMkmBSTpdFKUCg8LjKHCXa0ZBDC0hVHN7K6Z9ogkFG1jRhuDPvjxP6idl3yv7t6elymUeRwEdoEN0jHx0hiroBlVRDVH0iJ7RK3pznpwX5935mLYuOPnMHvoD5/MHGluUVA==</latexit><latexit sha1_base64="nVUF5A4unzR0ubuCymTrvWmw4GM=">AAAB/XicbVDLSgNBEJz1GeNrfdy8DAbBU9gVQS9CUA8eI5oHJEuYncwmQ2ZnlpleIS7BX/HiQRGv/oc3/8ZJsgdNLGgoqrrp7goTwQ143rezsLi0vLJaWCuub2xubbs7u3WjUk1ZjSqhdDMkhgkuWQ04CNZMNCNxKFgjHFyN/cYD04YreQ/DhAUx6UkecUrASh13v33NBBB818lAAREjfIG9jlvyyt4EeJ74OSmhHNWO+9XuKprGTAIVxJiW7yUQZEQDp4KNiu3UsITQAemxlqWSxMwE2eT6ET6yShdHStuSgCfq74mMxMYM49B2xgT6ZtYbi/95rRSi8yDjMkmBSTpdFKUCg8LjKHCXa0ZBDC0hVHN7K6Z9ogkFG1jRhuDPvjxP6idl3yv7t6elymUeRwEdoEN0jHx0hiroBlVRDVH0iJ7RK3pznpwX5935mLYuOPnMHvoD5/MHGluUVA==</latexit>



Equilibrium Relations
Maximum work theorem

For infinitesimally close terminal states


System 
State A -> State B

Reversible  
Heat Source

Reversible  
Work Source

��U = UA � UB
<latexit sha1_base64="M/ulxw5wSPhCbBxK3nAN1qzj/zY=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRvLQkIuhFqNWDxwqmFtoQNtttu3SzCbsToYSCf8WLB0W8+ju8+W/ctjlo64MZHu/NsLMvTATX4DjfVmFpeWV1rbhe2tjc2t6xd/eaOk4VZR6NRaxaIdFMcMk84CBYK1GMRKFgD+HweuI/PDKleSzvYZQwPyJ9yXucEjBSYB9UOjdMAMEevsRecIUrptcDu+xUnSnwInFzUkY5GoH91enGNI2YBCqI1m3XScDPiAJOBRuXOqlmCaFD0mdtQyWJmPaz6fljfGyULu7FypQEPFV/b2Qk0noUhWYyIjDQ895E/M9rp9C78DMukxSYpLOHeqnAEONJFrjLFaMgRoYQqri5FdMBUYSCSaxkQnDnv7xImqdV16m6d2flWj2Po4gO0RE6QS46RzV0ixrIQxRl6Bm9ojfryXqx3q2P2WjBynf20R9Ynz977ZM6</latexit><latexit sha1_base64="M/ulxw5wSPhCbBxK3nAN1qzj/zY=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRvLQkIuhFqNWDxwqmFtoQNtttu3SzCbsToYSCf8WLB0W8+ju8+W/ctjlo64MZHu/NsLMvTATX4DjfVmFpeWV1rbhe2tjc2t6xd/eaOk4VZR6NRaxaIdFMcMk84CBYK1GMRKFgD+HweuI/PDKleSzvYZQwPyJ9yXucEjBSYB9UOjdMAMEevsRecIUrptcDu+xUnSnwInFzUkY5GoH91enGNI2YBCqI1m3XScDPiAJOBRuXOqlmCaFD0mdtQyWJmPaz6fljfGyULu7FypQEPFV/b2Qk0noUhWYyIjDQ895E/M9rp9C78DMukxSYpLOHeqnAEONJFrjLFaMgRoYQqri5FdMBUYSCSaxkQnDnv7xImqdV16m6d2flWj2Po4gO0RE6QS46RzV0ixrIQxRl6Bm9ojfryXqx3q2P2WjBynf20R9Ynz977ZM6</latexit><latexit sha1_base64="M/ulxw5wSPhCbBxK3nAN1qzj/zY=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRvLQkIuhFqNWDxwqmFtoQNtttu3SzCbsToYSCf8WLB0W8+ju8+W/ctjlo64MZHu/NsLMvTATX4DjfVmFpeWV1rbhe2tjc2t6xd/eaOk4VZR6NRaxaIdFMcMk84CBYK1GMRKFgD+HweuI/PDKleSzvYZQwPyJ9yXucEjBSYB9UOjdMAMEevsRecIUrptcDu+xUnSnwInFzUkY5GoH91enGNI2YBCqI1m3XScDPiAJOBRuXOqlmCaFD0mdtQyWJmPaz6fljfGyULu7FypQEPFV/b2Qk0noUhWYyIjDQ895E/M9rp9C78DMukxSYpLOHeqnAEONJFrjLFaMgRoYQqri5FdMBUYSCSaxkQnDnv7xImqdV16m6d2flWj2Po4gO0RE6QS46RzV0ixrIQxRl6Bm9ojfryXqx3q2P2WjBynf20R9Ynz977ZM6</latexit><latexit sha1_base64="M/ulxw5wSPhCbBxK3nAN1qzj/zY=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRvLQkIuhFqNWDxwqmFtoQNtttu3SzCbsToYSCf8WLB0W8+ju8+W/ctjlo64MZHu/NsLMvTATX4DjfVmFpeWV1rbhe2tjc2t6xd/eaOk4VZR6NRaxaIdFMcMk84CBYK1GMRKFgD+HweuI/PDKleSzvYZQwPyJ9yXucEjBSYB9UOjdMAMEevsRecIUrptcDu+xUnSnwInFzUkY5GoH91enGNI2YBCqI1m3XScDPiAJOBRuXOqlmCaFD0mdtQyWJmPaz6fljfGyULu7FypQEPFV/b2Qk0noUhWYyIjDQ895E/M9rp9C78DMukxSYpLOHeqnAEONJFrjLFaMgRoYQqri5FdMBUYSCSaxkQnDnv7xImqdV16m6d2flWj2Po4gO0RE6QS46RzV0ixrIQxRl6Bm9ojfryXqx3q2P2WjBynf20R9Ynz977ZM6</latexit>

QRHS
<latexit sha1_base64="75HR290qg9b0oYpMmjaVt75qusA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS4+tWltoQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHj0aOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKV2s1+dle/n/bLFbfqzkFWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzslZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDaz4RKUuSKLRaFqSQYk9nvZCA0ZygnllCmhb2VsBHVlKFNqGRD8JZfXiWPF1XPrXrNy0rtJo+jCCdwCufgwRXUoA4NaAGDMTzDK7w5ifPivDsfi9aCk88cwx84nz//ZY9V</latexit><latexit sha1_base64="75HR290qg9b0oYpMmjaVt75qusA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS4+tWltoQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHj0aOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKV2s1+dle/n/bLFbfqzkFWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzslZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDaz4RKUuSKLRaFqSQYk9nvZCA0ZygnllCmhb2VsBHVlKFNqGRD8JZfXiWPF1XPrXrNy0rtJo+jCCdwCufgwRXUoA4NaAGDMTzDK7w5ifPivDsfi9aCk88cwx84nz//ZY9V</latexit><latexit sha1_base64="75HR290qg9b0oYpMmjaVt75qusA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS4+tWltoQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHj0aOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKV2s1+dle/n/bLFbfqzkFWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzslZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDaz4RKUuSKLRaFqSQYk9nvZCA0ZygnllCmhb2VsBHVlKFNqGRD8JZfXiWPF1XPrXrNy0rtJo+jCCdwCufgwRXUoA4NaAGDMTzDK7w5ifPivDsfi9aCk88cwx84nz//ZY9V</latexit><latexit sha1_base64="75HR290qg9b0oYpMmjaVt75qusA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS4+tWltoQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHj0aOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKV2s1+dle/n/bLFbfqzkFWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzslZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDaz4RKUuSKLRaFqSQYk9nvZCA0ZygnllCmhb2VsBHVlKFNqGRD8JZfXiWPF1XPrXrNy0rtJo+jCCdwCufgwRXUoA4NaAGDMTzDK7w5ifPivDsfi9aCk88cwx84nz//ZY9V</latexit>

WRWS
<latexit sha1_base64="dDQg/tFzXpRVyGIfDIcbirc9Mrs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVNoQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM95iiUx0O6SGS6F4CwVK3k41p3EouR+Orqe+/8S1EYl6wHHKg5gOlIgEo2gl3+/ld/79pFetuXV3BrJMvILUoECzV/3q9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns3Ak5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/8zoZRpdBLlSaIVdsvijKJMGETH8nfaE5Qzm2hDIt7K2EDammDG1CFRuCt/jyMnk8q3tu3bs9rzWuijjKcATHcAoeXEADbqAJLWAwgmd4hTcndV6cd+dj3lpyiplD+APn8wcfio9q</latexit><latexit sha1_base64="dDQg/tFzXpRVyGIfDIcbirc9Mrs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVNoQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM95iiUx0O6SGS6F4CwVK3k41p3EouR+Orqe+/8S1EYl6wHHKg5gOlIgEo2gl3+/ld/79pFetuXV3BrJMvILUoECzV/3q9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns3Ak5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/8zoZRpdBLlSaIVdsvijKJMGETH8nfaE5Qzm2hDIt7K2EDammDG1CFRuCt/jyMnk8q3tu3bs9rzWuijjKcATHcAoeXEADbqAJLWAwgmd4hTcndV6cd+dj3lpyiplD+APn8wcfio9q</latexit><latexit sha1_base64="dDQg/tFzXpRVyGIfDIcbirc9Mrs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVNoQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM95iiUx0O6SGS6F4CwVK3k41p3EouR+Orqe+/8S1EYl6wHHKg5gOlIgEo2gl3+/ld/79pFetuXV3BrJMvILUoECzV/3q9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns3Ak5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/8zoZRpdBLlSaIVdsvijKJMGETH8nfaE5Qzm2hDIt7K2EDammDG1CFRuCt/jyMnk8q3tu3bs9rzWuijjKcATHcAoeXEADbqAJLWAwgmd4hTcndV6cd+dj3lpyiplD+APn8wcfio9q</latexit><latexit sha1_base64="dDQg/tFzXpRVyGIfDIcbirc9Mrs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVNoQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM95iiUx0O6SGS6F4CwVK3k41p3EouR+Orqe+/8S1EYl6wHHKg5gOlIgEo2gl3+/ld/79pFetuXV3BrJMvILUoECzV/3q9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns3Ak5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/8zoZRpdBLlSaIVdsvijKJMGETH8nfaE5Qzm2hDIt7K2EDammDG1CFRuCt/jyMnk8q3tu3bs9rzWuijjKcATHcAoeXEADbqAJLWAwgmd4hTcndV6cd+dj3lpyiplD+APn8wcfio9q</latexit>

dU + �QRHS + �WRWS = 0
<latexit sha1_base64="PTyUT3twKvWn5r2cgs/Rmf65X8M=">AAACEnicbZDNSsNAFIUn/tb6F3XpZrAIilASEXQjFN102appCm0Ik8mkHTqZhJmJUEKfwY2v4saFIm5dufNtnLYBtfXAwOG793LnniBlVCrL+jIWFpeWV1ZLa+X1jc2tbXNntyWTTGDi4IQloh0gSRjlxFFUMdJOBUFxwIgbDK7HdfeeCEkTfqeGKfFi1OM0ohgpjXzzOHTgCeyGhCkEm35+U78d/QBXA1eDS2hB36xYVWsiOG/swlRAoYZvfnbDBGcx4QozJGXHtlLl5UgoihkZlbuZJCnCA9QjHW05ion08slJI3ioSQijROjHFZzQ3xM5iqUcxoHujJHqy9naGP5X62QquvByytNMEY6ni6KMQZXAcT4wpIJgxYbaICyo/ivEfSQQVjrFsg7Bnj153rROq7ZVtZtnldpVEUcJ7IMDcARscA5qoA4awAEYPIAn8AJejUfj2Xgz3qetC0Yxswf+yPj4Bqb5muw=</latexit><latexit sha1_base64="PTyUT3twKvWn5r2cgs/Rmf65X8M=">AAACEnicbZDNSsNAFIUn/tb6F3XpZrAIilASEXQjFN102appCm0Ik8mkHTqZhJmJUEKfwY2v4saFIm5dufNtnLYBtfXAwOG793LnniBlVCrL+jIWFpeWV1ZLa+X1jc2tbXNntyWTTGDi4IQloh0gSRjlxFFUMdJOBUFxwIgbDK7HdfeeCEkTfqeGKfFi1OM0ohgpjXzzOHTgCeyGhCkEm35+U78d/QBXA1eDS2hB36xYVWsiOG/swlRAoYZvfnbDBGcx4QozJGXHtlLl5UgoihkZlbuZJCnCA9QjHW05ion08slJI3ioSQijROjHFZzQ3xM5iqUcxoHujJHqy9naGP5X62QquvByytNMEY6ni6KMQZXAcT4wpIJgxYbaICyo/ivEfSQQVjrFsg7Bnj153rROq7ZVtZtnldpVEUcJ7IMDcARscA5qoA4awAEYPIAn8AJejUfj2Xgz3qetC0Yxswf+yPj4Bqb5muw=</latexit><latexit sha1_base64="PTyUT3twKvWn5r2cgs/Rmf65X8M=">AAACEnicbZDNSsNAFIUn/tb6F3XpZrAIilASEXQjFN102appCm0Ik8mkHTqZhJmJUEKfwY2v4saFIm5dufNtnLYBtfXAwOG793LnniBlVCrL+jIWFpeWV1ZLa+X1jc2tbXNntyWTTGDi4IQloh0gSRjlxFFUMdJOBUFxwIgbDK7HdfeeCEkTfqeGKfFi1OM0ohgpjXzzOHTgCeyGhCkEm35+U78d/QBXA1eDS2hB36xYVWsiOG/swlRAoYZvfnbDBGcx4QozJGXHtlLl5UgoihkZlbuZJCnCA9QjHW05ion08slJI3ioSQijROjHFZzQ3xM5iqUcxoHujJHqy9naGP5X62QquvByytNMEY6ni6KMQZXAcT4wpIJgxYbaICyo/ivEfSQQVjrFsg7Bnj153rROq7ZVtZtnldpVEUcJ7IMDcARscA5qoA4awAEYPIAn8AJejUfj2Xgz3qetC0Yxswf+yPj4Bqb5muw=</latexit><latexit sha1_base64="PTyUT3twKvWn5r2cgs/Rmf65X8M=">AAACEnicbZDNSsNAFIUn/tb6F3XpZrAIilASEXQjFN102appCm0Ik8mkHTqZhJmJUEKfwY2v4saFIm5dufNtnLYBtfXAwOG793LnniBlVCrL+jIWFpeWV1ZLa+X1jc2tbXNntyWTTGDi4IQloh0gSRjlxFFUMdJOBUFxwIgbDK7HdfeeCEkTfqeGKfFi1OM0ohgpjXzzOHTgCeyGhCkEm35+U78d/QBXA1eDS2hB36xYVWsiOG/swlRAoYZvfnbDBGcx4QozJGXHtlLl5UgoihkZlbuZJCnCA9QjHW05ion08slJI3ioSQijROjHFZzQ3xM5iqUcxoHujJHqy9naGP5X62QquvByytNMEY6ni6KMQZXAcT4wpIJgxYbaICyo/ivEfSQQVjrFsg7Bnj153rROq7ZVtZtnldpVEUcJ7IMDcARscA5qoA4awAEYPIAn8AJejUfj2Xgz3qetC0Yxswf+yPj4Bqb5muw=</latexit>

dStot = dS +
�QRHS

TRHS

� 0
<latexit sha1_base64="iuHbRGjXHBEw2yptk47m5R0Kpw0=">AAACH3icbZDLSsNAFIYn3q23qks3g0UQhJKIqBtBdNNltReFpoTJ5KQOTi7OnAgl5E3c+CpuXCgi7nwbp20W3n4Y+PjPOZw5v59KodG2P62p6ZnZufmFxcrS8srqWnV9o6uTTHHo8EQm6tpnGqSIoYMCJVynCljkS7jyb89H9at7UFokcRuHKfQjNohFKDhDY3nVQxq0vBwTLOiJQbpH3VAxnrsBSGT0wssvG62iyNslUHcAd9T2qjW7bo9F/4JTQo2UanrVDzdIeBZBjFwyrXuOnWI/ZwoFl1BU3ExDyvgtG0DPYMwi0P18fF9Bd4wT0DBR5sVIx+73iZxFWg8j33RGDG/079rI/K/WyzA87uciTjOEmE8WhZmkmNBRWDQQCjjKoQHGlTB/pfyGmXzQRFoxITi/T/4L3f26Y9edi4Pa6VkZxwLZIttklzjkiJySBmmSDuHkgTyRF/JqPVrP1pv1PmmdssqZTfJD1ucXv5+hjw==</latexit><latexit sha1_base64="iuHbRGjXHBEw2yptk47m5R0Kpw0=">AAACH3icbZDLSsNAFIYn3q23qks3g0UQhJKIqBtBdNNltReFpoTJ5KQOTi7OnAgl5E3c+CpuXCgi7nwbp20W3n4Y+PjPOZw5v59KodG2P62p6ZnZufmFxcrS8srqWnV9o6uTTHHo8EQm6tpnGqSIoYMCJVynCljkS7jyb89H9at7UFokcRuHKfQjNohFKDhDY3nVQxq0vBwTLOiJQbpH3VAxnrsBSGT0wssvG62iyNslUHcAd9T2qjW7bo9F/4JTQo2UanrVDzdIeBZBjFwyrXuOnWI/ZwoFl1BU3ExDyvgtG0DPYMwi0P18fF9Bd4wT0DBR5sVIx+73iZxFWg8j33RGDG/079rI/K/WyzA87uciTjOEmE8WhZmkmNBRWDQQCjjKoQHGlTB/pfyGmXzQRFoxITi/T/4L3f26Y9edi4Pa6VkZxwLZIttklzjkiJySBmmSDuHkgTyRF/JqPVrP1pv1PmmdssqZTfJD1ucXv5+hjw==</latexit><latexit sha1_base64="iuHbRGjXHBEw2yptk47m5R0Kpw0=">AAACH3icbZDLSsNAFIYn3q23qks3g0UQhJKIqBtBdNNltReFpoTJ5KQOTi7OnAgl5E3c+CpuXCgi7nwbp20W3n4Y+PjPOZw5v59KodG2P62p6ZnZufmFxcrS8srqWnV9o6uTTHHo8EQm6tpnGqSIoYMCJVynCljkS7jyb89H9at7UFokcRuHKfQjNohFKDhDY3nVQxq0vBwTLOiJQbpH3VAxnrsBSGT0wssvG62iyNslUHcAd9T2qjW7bo9F/4JTQo2UanrVDzdIeBZBjFwyrXuOnWI/ZwoFl1BU3ExDyvgtG0DPYMwi0P18fF9Bd4wT0DBR5sVIx+73iZxFWg8j33RGDG/079rI/K/WyzA87uciTjOEmE8WhZmkmNBRWDQQCjjKoQHGlTB/pfyGmXzQRFoxITi/T/4L3f26Y9edi4Pa6VkZxwLZIttklzjkiJySBmmSDuHkgTyRF/JqPVrP1pv1PmmdssqZTfJD1ucXv5+hjw==</latexit><latexit sha1_base64="iuHbRGjXHBEw2yptk47m5R0Kpw0=">AAACH3icbZDLSsNAFIYn3q23qks3g0UQhJKIqBtBdNNltReFpoTJ5KQOTi7OnAgl5E3c+CpuXCgi7nwbp20W3n4Y+PjPOZw5v59KodG2P62p6ZnZufmFxcrS8srqWnV9o6uTTHHo8EQm6tpnGqSIoYMCJVynCljkS7jyb89H9at7UFokcRuHKfQjNohFKDhDY3nVQxq0vBwTLOiJQbpH3VAxnrsBSGT0wssvG62iyNslUHcAd9T2qjW7bo9F/4JTQo2UanrVDzdIeBZBjFwyrXuOnWI/ZwoFl1BU3ExDyvgtG0DPYMwi0P18fF9Bd4wT0DBR5sVIx+73iZxFWg8j33RGDG/079rI/K/WyzA87uciTjOEmE8WhZmkmNBRWDQQCjjKoQHGlTB/pfyGmXzQRFoxITi/T/4L3f26Y9edi4Pa6VkZxwLZIttklzjkiJySBmmSDuHkgTyRF/JqPVrP1pv1PmmdssqZTfJD1ucXv5+hjw==</latexit>

=) �WRWS  TRHSdS � dU
<latexit sha1_base64="DsOE7rqMAX+B/C4GWINvviDqRdk=">AAACFXicbVDLSgMxFM34rPVVdekmWAQXWmZE0GXRTZfVdtpCZyiZzG0bmsyMSUYoQ3/Cjb/ixoUibgV3/o3pY6GtBwLnnnMvN/cECWdK2/a3tbS8srq2ntvIb25t7+wW9vYbKk4lBZfGPJatgCjgLAJXM82hlUggIuDQDAY3Y7/5AFKxOKrrYQK+IL2IdRkl2kidwqnHhNkDCnshcE1ws5PdNWsj7HG4x3VTVEwR1vAZDt1OoWiX7AnwInFmpIhmqHYKX14Y01RApCknSrUdO9F+RqRmlMMo76UKEkIHpAdtQyMiQPnZ5KoRPjZKiLuxNC/SeKL+nsiIUGooAtMpiO6reW8s/ue1U9298jMWJamGiE4XdVOOdYzHEeGQSaCaDw0hVDLzV0z7RBKqTZB5E4Izf/IiaZyXHLvk3F4Uy9ezOHLoEB2hE+SgS1RGFVRFLqLoET2jV/RmPVkv1rv1MW1dsmYzB+gPrM8fFuCddQ==</latexit><latexit sha1_base64="DsOE7rqMAX+B/C4GWINvviDqRdk=">AAACFXicbVDLSgMxFM34rPVVdekmWAQXWmZE0GXRTZfVdtpCZyiZzG0bmsyMSUYoQ3/Cjb/ixoUibgV3/o3pY6GtBwLnnnMvN/cECWdK2/a3tbS8srq2ntvIb25t7+wW9vYbKk4lBZfGPJatgCjgLAJXM82hlUggIuDQDAY3Y7/5AFKxOKrrYQK+IL2IdRkl2kidwqnHhNkDCnshcE1ws5PdNWsj7HG4x3VTVEwR1vAZDt1OoWiX7AnwInFmpIhmqHYKX14Y01RApCknSrUdO9F+RqRmlMMo76UKEkIHpAdtQyMiQPnZ5KoRPjZKiLuxNC/SeKL+nsiIUGooAtMpiO6reW8s/ue1U9298jMWJamGiE4XdVOOdYzHEeGQSaCaDw0hVDLzV0z7RBKqTZB5E4Izf/IiaZyXHLvk3F4Uy9ezOHLoEB2hE+SgS1RGFVRFLqLoET2jV/RmPVkv1rv1MW1dsmYzB+gPrM8fFuCddQ==</latexit><latexit sha1_base64="DsOE7rqMAX+B/C4GWINvviDqRdk=">AAACFXicbVDLSgMxFM34rPVVdekmWAQXWmZE0GXRTZfVdtpCZyiZzG0bmsyMSUYoQ3/Cjb/ixoUibgV3/o3pY6GtBwLnnnMvN/cECWdK2/a3tbS8srq2ntvIb25t7+wW9vYbKk4lBZfGPJatgCjgLAJXM82hlUggIuDQDAY3Y7/5AFKxOKrrYQK+IL2IdRkl2kidwqnHhNkDCnshcE1ws5PdNWsj7HG4x3VTVEwR1vAZDt1OoWiX7AnwInFmpIhmqHYKX14Y01RApCknSrUdO9F+RqRmlMMo76UKEkIHpAdtQyMiQPnZ5KoRPjZKiLuxNC/SeKL+nsiIUGooAtMpiO6reW8s/ue1U9298jMWJamGiE4XdVOOdYzHEeGQSaCaDw0hVDLzV0z7RBKqTZB5E4Izf/IiaZyXHLvk3F4Uy9ezOHLoEB2hE+SgS1RGFVRFLqLoET2jV/RmPVkv1rv1MW1dsmYzB+gPrM8fFuCddQ==</latexit><latexit sha1_base64="DsOE7rqMAX+B/C4GWINvviDqRdk=">AAACFXicbVDLSgMxFM34rPVVdekmWAQXWmZE0GXRTZfVdtpCZyiZzG0bmsyMSUYoQ3/Cjb/ixoUibgV3/o3pY6GtBwLnnnMvN/cECWdK2/a3tbS8srq2ntvIb25t7+wW9vYbKk4lBZfGPJatgCjgLAJXM82hlUggIuDQDAY3Y7/5AFKxOKrrYQK+IL2IdRkl2kidwqnHhNkDCnshcE1ws5PdNWsj7HG4x3VTVEwR1vAZDt1OoWiX7AnwInFmpIhmqHYKX14Y01RApCknSrUdO9F+RqRmlMMo76UKEkIHpAdtQyMiQPnZ5KoRPjZKiLuxNC/SeKL+nsiIUGooAtMpiO6reW8s/ue1U9298jMWJamGiE4XdVOOdYzHEeGQSaCaDw0hVDLzV0z7RBKqTZB5E4Izf/IiaZyXHLvk3F4Uy9ezOHLoEB2hE+SgS1RGFVRFLqLoET2jV/RmPVkv1rv1MW1dsmYzB+gPrM8fFuCddQ==</latexit>

�WRWS(max) =
TRHS

T
�Q� dU

<latexit sha1_base64="Cv/yV8e22JXTCrUulyDzFrqaFNM="></latexit><latexit sha1_base64="Cv/yV8e22JXTCrUulyDzFrqaFNM="></latexit><latexit sha1_base64="Cv/yV8e22JXTCrUulyDzFrqaFNM="></latexit><latexit sha1_base64="Cv/yV8e22JXTCrUulyDzFrqaFNM="></latexit>

=


1� TRHS

T

�
(��Q) + (��W )

<latexit sha1_base64="w/54WcVajeipQ//dYuGYvBcBuuQ="></latexit><latexit sha1_base64="w/54WcVajeipQ//dYuGYvBcBuuQ="></latexit><latexit sha1_base64="w/54WcVajeipQ//dYuGYvBcBuuQ="></latexit><latexit sha1_base64="w/54WcVajeipQ//dYuGYvBcBuuQ="></latexit>

Fraction of heat to work



Equilibrium Relations
Maximum work theorem

Heat reservoirs - C is so large that TRHS (=Tres) does not change.


System 
State A -> State B

Reversible  
Heat Source

Reversible  
Work Source

��U = UA � UB
<latexit sha1_base64="M/ulxw5wSPhCbBxK3nAN1qzj/zY=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRvLQkIuhFqNWDxwqmFtoQNtttu3SzCbsToYSCf8WLB0W8+ju8+W/ctjlo64MZHu/NsLMvTATX4DjfVmFpeWV1rbhe2tjc2t6xd/eaOk4VZR6NRaxaIdFMcMk84CBYK1GMRKFgD+HweuI/PDKleSzvYZQwPyJ9yXucEjBSYB9UOjdMAMEevsRecIUrptcDu+xUnSnwInFzUkY5GoH91enGNI2YBCqI1m3XScDPiAJOBRuXOqlmCaFD0mdtQyWJmPaz6fljfGyULu7FypQEPFV/b2Qk0noUhWYyIjDQ895E/M9rp9C78DMukxSYpLOHeqnAEONJFrjLFaMgRoYQqri5FdMBUYSCSaxkQnDnv7xImqdV16m6d2flWj2Po4gO0RE6QS46RzV0ixrIQxRl6Bm9ojfryXqx3q2P2WjBynf20R9Ynz977ZM6</latexit><latexit sha1_base64="M/ulxw5wSPhCbBxK3nAN1qzj/zY=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRvLQkIuhFqNWDxwqmFtoQNtttu3SzCbsToYSCf8WLB0W8+ju8+W/ctjlo64MZHu/NsLMvTATX4DjfVmFpeWV1rbhe2tjc2t6xd/eaOk4VZR6NRaxaIdFMcMk84CBYK1GMRKFgD+HweuI/PDKleSzvYZQwPyJ9yXucEjBSYB9UOjdMAMEevsRecIUrptcDu+xUnSnwInFzUkY5GoH91enGNI2YBCqI1m3XScDPiAJOBRuXOqlmCaFD0mdtQyWJmPaz6fljfGyULu7FypQEPFV/b2Qk0noUhWYyIjDQ895E/M9rp9C78DMukxSYpLOHeqnAEONJFrjLFaMgRoYQqri5FdMBUYSCSaxkQnDnv7xImqdV16m6d2flWj2Po4gO0RE6QS46RzV0ixrIQxRl6Bm9ojfryXqx3q2P2WjBynf20R9Ynz977ZM6</latexit><latexit sha1_base64="M/ulxw5wSPhCbBxK3nAN1qzj/zY=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRvLQkIuhFqNWDxwqmFtoQNtttu3SzCbsToYSCf8WLB0W8+ju8+W/ctjlo64MZHu/NsLMvTATX4DjfVmFpeWV1rbhe2tjc2t6xd/eaOk4VZR6NRaxaIdFMcMk84CBYK1GMRKFgD+HweuI/PDKleSzvYZQwPyJ9yXucEjBSYB9UOjdMAMEevsRecIUrptcDu+xUnSnwInFzUkY5GoH91enGNI2YBCqI1m3XScDPiAJOBRuXOqlmCaFD0mdtQyWJmPaz6fljfGyULu7FypQEPFV/b2Qk0noUhWYyIjDQ895E/M9rp9C78DMukxSYpLOHeqnAEONJFrjLFaMgRoYQqri5FdMBUYSCSaxkQnDnv7xImqdV16m6d2flWj2Po4gO0RE6QS46RzV0ixrIQxRl6Bm9ojfryXqx3q2P2WjBynf20R9Ynz977ZM6</latexit><latexit sha1_base64="M/ulxw5wSPhCbBxK3nAN1qzj/zY=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRvLQkIuhFqNWDxwqmFtoQNtttu3SzCbsToYSCf8WLB0W8+ju8+W/ctjlo64MZHu/NsLMvTATX4DjfVmFpeWV1rbhe2tjc2t6xd/eaOk4VZR6NRaxaIdFMcMk84CBYK1GMRKFgD+HweuI/PDKleSzvYZQwPyJ9yXucEjBSYB9UOjdMAMEevsRecIUrptcDu+xUnSnwInFzUkY5GoH91enGNI2YBCqI1m3XScDPiAJOBRuXOqlmCaFD0mdtQyWJmPaz6fljfGyULu7FypQEPFV/b2Qk0noUhWYyIjDQ895E/M9rp9C78DMukxSYpLOHeqnAEONJFrjLFaMgRoYQqri5FdMBUYSCSaxkQnDnv7xImqdV16m6d2flWj2Po4gO0RE6QS46RzV0ixrIQxRl6Bm9ojfryXqx3q2P2WjBynf20R9Ynz977ZM6</latexit>

QRHS
<latexit sha1_base64="75HR290qg9b0oYpMmjaVt75qusA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS4+tWltoQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHj0aOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKV2s1+dle/n/bLFbfqzkFWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzslZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDaz4RKUuSKLRaFqSQYk9nvZCA0ZygnllCmhb2VsBHVlKFNqGRD8JZfXiWPF1XPrXrNy0rtJo+jCCdwCufgwRXUoA4NaAGDMTzDK7w5ifPivDsfi9aCk88cwx84nz//ZY9V</latexit><latexit sha1_base64="75HR290qg9b0oYpMmjaVt75qusA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS4+tWltoQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHj0aOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKV2s1+dle/n/bLFbfqzkFWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzslZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDaz4RKUuSKLRaFqSQYk9nvZCA0ZygnllCmhb2VsBHVlKFNqGRD8JZfXiWPF1XPrXrNy0rtJo+jCCdwCufgwRXUoA4NaAGDMTzDK7w5ifPivDsfi9aCk88cwx84nz//ZY9V</latexit><latexit sha1_base64="75HR290qg9b0oYpMmjaVt75qusA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS4+tWltoQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHj0aOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKV2s1+dle/n/bLFbfqzkFWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzslZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDaz4RKUuSKLRaFqSQYk9nvZCA0ZygnllCmhb2VsBHVlKFNqGRD8JZfXiWPF1XPrXrNy0rtJo+jCCdwCufgwRXUoA4NaAGDMTzDK7w5ifPivDsfi9aCk88cwx84nz//ZY9V</latexit><latexit sha1_base64="75HR290qg9b0oYpMmjaVt75qusA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS4+tWltoQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHj0aOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKV2s1+dle/n/bLFbfqzkFWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzslZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDaz4RKUuSKLRaFqSQYk9nvZCA0ZygnllCmhb2VsBHVlKFNqGRD8JZfXiWPF1XPrXrNy0rtJo+jCCdwCufgwRXUoA4NaAGDMTzDK7w5ifPivDsfi9aCk88cwx84nz//ZY9V</latexit>

WRWS
<latexit sha1_base64="dDQg/tFzXpRVyGIfDIcbirc9Mrs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVNoQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM95iiUx0O6SGS6F4CwVK3k41p3EouR+Orqe+/8S1EYl6wHHKg5gOlIgEo2gl3+/ld/79pFetuXV3BrJMvILUoECzV/3q9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns3Ak5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/8zoZRpdBLlSaIVdsvijKJMGETH8nfaE5Qzm2hDIt7K2EDammDG1CFRuCt/jyMnk8q3tu3bs9rzWuijjKcATHcAoeXEADbqAJLWAwgmd4hTcndV6cd+dj3lpyiplD+APn8wcfio9q</latexit><latexit sha1_base64="dDQg/tFzXpRVyGIfDIcbirc9Mrs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVNoQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM95iiUx0O6SGS6F4CwVK3k41p3EouR+Orqe+/8S1EYl6wHHKg5gOlIgEo2gl3+/ld/79pFetuXV3BrJMvILUoECzV/3q9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns3Ak5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/8zoZRpdBLlSaIVdsvijKJMGETH8nfaE5Qzm2hDIt7K2EDammDG1CFRuCt/jyMnk8q3tu3bs9rzWuijjKcATHcAoeXEADbqAJLWAwgmd4hTcndV6cd+dj3lpyiplD+APn8wcfio9q</latexit><latexit sha1_base64="dDQg/tFzXpRVyGIfDIcbirc9Mrs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVNoQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM95iiUx0O6SGS6F4CwVK3k41p3EouR+Orqe+/8S1EYl6wHHKg5gOlIgEo2gl3+/ld/79pFetuXV3BrJMvILUoECzV/3q9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns3Ak5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/8zoZRpdBLlSaIVdsvijKJMGETH8nfaE5Qzm2hDIt7K2EDammDG1CFRuCt/jyMnk8q3tu3bs9rzWuijjKcATHcAoeXEADbqAJLWAwgmd4hTcndV6cd+dj3lpyiplD+APn8wcfio9q</latexit><latexit sha1_base64="dDQg/tFzXpRVyGIfDIcbirc9Mrs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVNoQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM95iiUx0O6SGS6F4CwVK3k41p3EouR+Orqe+/8S1EYl6wHHKg5gOlIgEo2gl3+/ld/79pFetuXV3BrJMvILUoECzV/3q9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns3Ak5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/8zoZRpdBLlSaIVdsvijKJMGETH8nfaE5Qzm2hDIt7K2EDammDG1CFRuCt/jyMnk8q3tu3bs9rzWuijjKcATHcAoeXEADbqAJLWAwgmd4hTcndV6cd+dj3lpyiplD+APn8wcfio9q</latexit>

<latexit sha1_base64="xgpdgG/pjyH0SnJ1iNATE8yRC4E=">AAACFXicbZDJSgNBEIZ74hbjFvXopTEIghJmRNSLENRDjomaBZIw9HQqSZOehe4aIQx5CS++ihcPingVvPk2dpaDJv7Q8PFXFdX1e5EUGm3720otLC4tr6RXM2vrG5tb2e2dqg5jxaHCQxmqusc0SBFABQVKqEcKmO9JqHn961G99gBKizC4x0EELZ91A9ERnKGx3Oxx8wYkMlpxEx17eqAR/CE9omU3uS3ejahmqGboktpuNmfn7bHoPDhTyJGpSm72q9kOeexDgFwyrRuOHWErYQoFlzDMNGMNEeN91oWGwYD5oFvJ+KohPTBOm3ZCZV6AdOz+nkiYr/XA90ynz7CnZ2sj879aI8bORSsRQRQjBHyyqBNLiiEdRUTbQgFHOTDAuBLmr5T3mGIcTZAZE4Ize/I8VE/yzlneKZ/mClfTONJkj+yTQ+KQc1IgRVIiFcLJI3kmr+TNerJerHfrY9KasqYzu+SPrM8fnQ6dLA==</latexit>

�Usubsystem +QRHS +WRWS = 0

<latexit sha1_base64="nQqM4GWSp6A5u48CDswmLnyrDu8="></latexit>

�Stotal = �Ssubsystem +

Z
@QRHS/T

<latexit sha1_base64="Z0DAcG/lbSyzy4/Tf2qnoO4E4oY=">AAACEnicbVDJSgNBEO2JW4xb1KOXxiAoQpwRUS9CUA8eE8wGSRh6OpWkSc9Cd40QhnyDF3/FiwdFvHry5t/YWQ6a+KCox3tVdNfzIik02va3lVpYXFpeSa9m1tY3Nrey2ztVHcaKQ4WHMlR1j2mQIoAKCpRQjxQw35NQ8/o3I7/2AEqLMCjjIIKWz7qB6AjO0Ehu9ohe0eYtSGT03k107OmBRvCH9JiW3ESBHp6UJ93N5uy8PQadJ86U5MgURTf71WyHPPYhQC6Z1g3HjrCVMIWCSxhmmrGGiPE+60LD0ID5oFvJ+KQhPTBKm3ZCZSpAOlZ/byTM13rge2bSZ9jTs95I/M9rxNi5bCUiiGKEgE8e6sSSYkhH+dC2UMBRDgxhXAnzV8p7TDGOJsWMCcGZPXmeVE/zznneKZ3lCtfTONJkj+yTQ+KQC1Igd6RIKoSTR/JMXsmb9WS9WO/Wx2Q0ZU13dskfWJ8/So+dSA==</latexit>

= �Ssubsystem +Qres/Tres

<latexit sha1_base64="TV1pNDms6lqQDX7nH+b8PJlpCmk=">AAACJ3icbZDJSgNBEIZ74hbjFvXopTEIXgwzIupFCerBYzQrJGHo6VRMk56F7hohDPM2XnwVL4KK6NE3sbMIbj80/HxVRXX9XiSFRtt+tzIzs3PzC9nF3NLyyupafn2jrsNYcajxUIaq6TENUgRQQ4ESmpEC5nsSGt7gfFRv3ILSIgyqOIyg47ObQPQEZ2iQmz+lDTe5blRSekKrbqJAp7R9ARIZrbiJjj091Ah+Sve+cO07dvMFu2iPRf8aZ2oKZKqym39qd0Me+xAgl0zrlmNH2EmYQsElpLl2rCFifMBuoGVswHzQnWR8Z0p3DOnSXqjMC5CO6feJhPlaD33PdPoM+/p3bQT/q7Vi7B13EhFEMULAJ4t6saQY0lFotCsUcJRDYxhXwvyV8j5TjKOJNmdCcH6f/NfU94vOYdG5OiiUzqZxZMkW2Sa7xCFHpEQuSZnUCCd35IE8kxfr3nq0Xq23SWvGms5skh+yPj4Bq9el5g==</latexit>

WRWS = Tres�Ssubsystem ��Usubsystem


