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Basic Formalism
Entropy Function

Postulate 2: There exists a function, called the entropy S, of the extensive 
parameters of any composite system, defined for all equilibrium states and 
having the following property:


The values assumed by the extensive parameters in the absence (removal) of an 
internal constraint are those that maximise the entropy over the manifold of 
constrained equilibrium states.

At equilibrium, dS = 0

Also called the entropy maximisation postulate.

Fundamental RelationS ⌘ S(U, V,N)
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Basic Formalism
Entropy Function
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S ⌘ S(U, V,N ;U (1), V (1), N (1))

For a composite system in the 
presence of internal constraints

Every such (equilibrium) state is 
presumed to achievable by application 
of appropriate constraints/walls.

Manifold of constrained states

The set of all equilibrium states 
corresponding to the same total 
(U,V,N) but different (U(1),V(1),N(1)).

Entropy maximisation postulate

External 

Constraints

Internal 

Constraints

<latexit sha1_base64="o1TmNvzXkOuBTg7GTsCvndpCqpk="></latexit>

max
V (1)

n
S(U, V,N ;U (1), V (1), N (1))

o
E.g.



Basic Formalism
Postulates Regarding Entropy Function

Postulate 3: The entropy of a composite system is additive over the constituent 
subsystems. The entropy is continuous, differentiable and a monotonically 
increasing function of the energy.

Where

S =
X

↵

S(↵)
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S(↵) ⌘ S(↵)(U (↵), V (↵), N (↵))
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Additivity property also implies that for a simple system the entropy is a 
homogenous function of the extensive parameters.

S(�U,�V,�N) = �S(U, V,N)
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Basic Formalism
Postulates Regarding Entropy Function

Postulate 3: The entropy of a composite system is additive over the constituent 
subsystems. The entropy is continuous, differentiable and a monotonically 
increasing function of the energy.

Note that the extensivity of S, U, V allow us to scale the properties of a system 
of N moles from this of a system of 1 mole.

i.e. S(U, V,N) = N S(U/N, V/N, 1) ⌘ N s(u, v)
<latexit sha1_base64="SfbS5IQ3t3BoJpwaNJh0E+QgDGI=">AAACFHicbVDLSgMxFM3UV62vUZdugkVocagzIuhGKLpxVSo600I7lEyaaUMzD5NMoQz1H9z4K25cKOLWhTv/xkzbhVYPJJyccy8393gxo0Ka5peWW1hcWl7JrxbW1jc2t/TtHUdECcfExhGLeNNDgjAaEltSyUgz5gQFHiMNb3CZ+Y0h4YJG4a0cxcQNUC+kPsVIKqmjH96UbMMxamV4Dmv36nFUM6CTXVYZtsldQodKF6XEGJY7etGsmBPAv8SakSKYod7RP9vdCCcBCSVmSIiWZcbSTRGXFDMyLrQTQWKEB6hHWoqGKCDCTSdLjeGBUrrQj7g6oYQT9WdHigIhRoGnKgMk+2Ley8T/vFYi/TM3pWGcSBLi6SA/YVBGMEsIdiknWLKRIghzqv4KcR9xhKXKsaBCsOZX/kuc44plVqzrk2L1YhZHHuyBfVACFjgFVXAF6sAGGDyAJ/ACXrVH7Vl7096npTlt1rMLfkH7+AZwE5oW</latexit><latexit sha1_base64="SfbS5IQ3t3BoJpwaNJh0E+QgDGI=">AAACFHicbVDLSgMxFM3UV62vUZdugkVocagzIuhGKLpxVSo600I7lEyaaUMzD5NMoQz1H9z4K25cKOLWhTv/xkzbhVYPJJyccy8393gxo0Ka5peWW1hcWl7JrxbW1jc2t/TtHUdECcfExhGLeNNDgjAaEltSyUgz5gQFHiMNb3CZ+Y0h4YJG4a0cxcQNUC+kPsVIKqmjH96UbMMxamV4Dmv36nFUM6CTXVYZtsldQodKF6XEGJY7etGsmBPAv8SakSKYod7RP9vdCCcBCSVmSIiWZcbSTRGXFDMyLrQTQWKEB6hHWoqGKCDCTSdLjeGBUrrQj7g6oYQT9WdHigIhRoGnKgMk+2Ley8T/vFYi/TM3pWGcSBLi6SA/YVBGMEsIdiknWLKRIghzqv4KcR9xhKXKsaBCsOZX/kuc44plVqzrk2L1YhZHHuyBfVACFjgFVXAF6sAGGDyAJ/ACXrVH7Vl7096npTlt1rMLfkH7+AZwE5oW</latexit><latexit sha1_base64="SfbS5IQ3t3BoJpwaNJh0E+QgDGI=">AAACFHicbVDLSgMxFM3UV62vUZdugkVocagzIuhGKLpxVSo600I7lEyaaUMzD5NMoQz1H9z4K25cKOLWhTv/xkzbhVYPJJyccy8393gxo0Ka5peWW1hcWl7JrxbW1jc2t/TtHUdECcfExhGLeNNDgjAaEltSyUgz5gQFHiMNb3CZ+Y0h4YJG4a0cxcQNUC+kPsVIKqmjH96UbMMxamV4Dmv36nFUM6CTXVYZtsldQodKF6XEGJY7etGsmBPAv8SakSKYod7RP9vdCCcBCSVmSIiWZcbSTRGXFDMyLrQTQWKEB6hHWoqGKCDCTSdLjeGBUrrQj7g6oYQT9WdHigIhRoGnKgMk+2Ley8T/vFYi/TM3pWGcSBLi6SA/YVBGMEsIdiknWLKRIghzqv4KcR9xhKXKsaBCsOZX/kuc44plVqzrk2L1YhZHHuyBfVACFjgFVXAF6sAGGDyAJ/ACXrVH7Vl7096npTlt1rMLfkH7+AZwE5oW</latexit><latexit sha1_base64="SfbS5IQ3t3BoJpwaNJh0E+QgDGI=">AAACFHicbVDLSgMxFM3UV62vUZdugkVocagzIuhGKLpxVSo600I7lEyaaUMzD5NMoQz1H9z4K25cKOLWhTv/xkzbhVYPJJyccy8393gxo0Ka5peWW1hcWl7JrxbW1jc2t/TtHUdECcfExhGLeNNDgjAaEltSyUgz5gQFHiMNb3CZ+Y0h4YJG4a0cxcQNUC+kPsVIKqmjH96UbMMxamV4Dmv36nFUM6CTXVYZtsldQodKF6XEGJY7etGsmBPAv8SakSKYod7RP9vdCCcBCSVmSIiWZcbSTRGXFDMyLrQTQWKEB6hHWoqGKCDCTSdLjeGBUrrQj7g6oYQT9WdHigIhRoGnKgMk+2Ley8T/vFYi/TM3pWGcSBLi6SA/YVBGMEsIdiknWLKRIghzqv4KcR9xhKXKsaBCsOZX/kuc44plVqzrk2L1YhZHHuyBfVACFjgFVXAF6sAGGDyAJ/ACXrVH7Vl7096npTlt1rMLfkH7+AZwE5oW</latexit>

Molar quantities



Basic Formalism
Postulates Regarding Entropy Function

Postulate 3: The entropy of a composite system is additive over the constituent 
subsystems. The entropy is continuous, differentiable and a monotonically 
increasing function of the energy.

Monotonicity implies that 
✓
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V,N

> 0
<latexit sha1_base64="7JGYt5nUF2x6Ic4wWTBRaENZpy8=">AAACHnicbZDLSsNAFIYnXmu9VV26GSxCBSmJKLqSohtXUtFeoAlhMp20QycXZk6EEvIkbnwVNy4UEVzp2zhtA2rrDwMf/zmHM+f3YsEVmOaXMTe/sLi0XFgprq6tb2yWtrabKkokZQ0aiUi2PaKY4CFrAAfB2rFkJPAEa3mDy1G9dc+k4lF4B8OYOQHphdznlIC23NKJLZgPFduXhKZ2TCRwIvBt9sONzJa814cDN20eXmf4HJvYLZXNqjkWngUrhzLKVXdLH3Y3oknAQqCCKNWxzBicdLSCCpYV7USxmNAB6bGOxpAETDnp+LwM72uni/1I6hcCHru/J1ISKDUMPN0ZEOir6drI/K/WScA/c1IexgmwkE4W+YnAEOFRVrjLJaMghhoIlVz/FdM+0UmBTrSoQ7CmT56F5lHVMqvWzXG5dpHHUUC7aA9VkIVOUQ1doTpqIIoe0BN6Qa/Go/FsvBnvk9Y5I5/ZQX9kfH4DVFSh5g==</latexit><latexit sha1_base64="7JGYt5nUF2x6Ic4wWTBRaENZpy8=">AAACHnicbZDLSsNAFIYnXmu9VV26GSxCBSmJKLqSohtXUtFeoAlhMp20QycXZk6EEvIkbnwVNy4UEVzp2zhtA2rrDwMf/zmHM+f3YsEVmOaXMTe/sLi0XFgprq6tb2yWtrabKkokZQ0aiUi2PaKY4CFrAAfB2rFkJPAEa3mDy1G9dc+k4lF4B8OYOQHphdznlIC23NKJLZgPFduXhKZ2TCRwIvBt9sONzJa814cDN20eXmf4HJvYLZXNqjkWngUrhzLKVXdLH3Y3oknAQqCCKNWxzBicdLSCCpYV7USxmNAB6bGOxpAETDnp+LwM72uni/1I6hcCHru/J1ISKDUMPN0ZEOir6drI/K/WScA/c1IexgmwkE4W+YnAEOFRVrjLJaMghhoIlVz/FdM+0UmBTrSoQ7CmT56F5lHVMqvWzXG5dpHHUUC7aA9VkIVOUQ1doTpqIIoe0BN6Qa/Go/FsvBnvk9Y5I5/ZQX9kfH4DVFSh5g==</latexit><latexit sha1_base64="7JGYt5nUF2x6Ic4wWTBRaENZpy8=">AAACHnicbZDLSsNAFIYnXmu9VV26GSxCBSmJKLqSohtXUtFeoAlhMp20QycXZk6EEvIkbnwVNy4UEVzp2zhtA2rrDwMf/zmHM+f3YsEVmOaXMTe/sLi0XFgprq6tb2yWtrabKkokZQ0aiUi2PaKY4CFrAAfB2rFkJPAEa3mDy1G9dc+k4lF4B8OYOQHphdznlIC23NKJLZgPFduXhKZ2TCRwIvBt9sONzJa814cDN20eXmf4HJvYLZXNqjkWngUrhzLKVXdLH3Y3oknAQqCCKNWxzBicdLSCCpYV7USxmNAB6bGOxpAETDnp+LwM72uni/1I6hcCHru/J1ISKDUMPN0ZEOir6drI/K/WScA/c1IexgmwkE4W+YnAEOFRVrjLJaMghhoIlVz/FdM+0UmBTrSoQ7CmT56F5lHVMqvWzXG5dpHHUUC7aA9VkIVOUQ1doTpqIIoe0BN6Qa/Go/FsvBnvk9Y5I5/ZQX9kfH4DVFSh5g==</latexit><latexit sha1_base64="7JGYt5nUF2x6Ic4wWTBRaENZpy8=">AAACHnicbZDLSsNAFIYnXmu9VV26GSxCBSmJKLqSohtXUtFeoAlhMp20QycXZk6EEvIkbnwVNy4UEVzp2zhtA2rrDwMf/zmHM+f3YsEVmOaXMTe/sLi0XFgprq6tb2yWtrabKkokZQ0aiUi2PaKY4CFrAAfB2rFkJPAEa3mDy1G9dc+k4lF4B8OYOQHphdznlIC23NKJLZgPFduXhKZ2TCRwIvBt9sONzJa814cDN20eXmf4HJvYLZXNqjkWngUrhzLKVXdLH3Y3oknAQqCCKNWxzBicdLSCCpYV7USxmNAB6bGOxpAETDnp+LwM72uni/1I6hcCHru/J1ISKDUMPN0ZEOir6drI/K/WScA/c1IexgmwkE4W+YnAEOFRVrjLJaMghhoIlVz/FdM+0UmBTrSoQ7CmT56F5lHVMqvWzXG5dpHHUUC7aA9VkIVOUQ1doTpqIIoe0BN6Qa/Go/FsvBnvk9Y5I5/ZQX9kfH4DVFSh5g==</latexit>

This is an important requirement because, as it turns out, the reciprocal of this 
derivative will be the temperature of the system.



Basic Formalism
Postulates Regarding Entropy Function

Postulate 3: The entropy of a composite system is additive over the constituent 
subsystems. The entropy is continuous, differentiable and a monotonically 
increasing function of the energy.

Continuity, differentiability and monotonicity imply that the entropy can be 
inverted w.r.t. the energy and that the latter is a single-valued, continuous, 
differentiable function of S,V,N.

U ⌘ U(S, V,N)
<latexit sha1_base64="p2k8MQWfvcRGGRcUH0NPN1C02GI=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxChVISEfRY9OJJKpq20Iay2U7apZsPdzeVEvtTvHhQxKu/xJv/xm2bg7Y+GHi8N8PMPC/mTCrL+jZyK6tr6xv5zcLW9s7unlncb8goERQcGvFItDwigbMQHMUUh1YsgAQeh6Y3vJr6zREIyaLwXo1jcAPSD5nPKFFa6ppFB3fgIWEj7JTvKo3KzUnXLFlVawa8TOyMlFCGetf86vQimgQQKsqJlG3bipWbEqEY5TApdBIJMaFD0oe2piEJQLrp7PQJPtZKD/uR0BUqPFN/T6QkkHIceLozIGogF72p+J/XTpR/4aYsjBMFIZ0v8hOOVYSnOeAeE0AVH2tCqGD6VkwHRBCqdFoFHYK9+PIyaZxWbatq356VapdZHHl0iI5QGdnoHNXQNaojB1H0iJ7RK3oznowX4934mLfmjGzmAP2B8fkD0HiSZQ==</latexit><latexit sha1_base64="p2k8MQWfvcRGGRcUH0NPN1C02GI=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxChVISEfRY9OJJKpq20Iay2U7apZsPdzeVEvtTvHhQxKu/xJv/xm2bg7Y+GHi8N8PMPC/mTCrL+jZyK6tr6xv5zcLW9s7unlncb8goERQcGvFItDwigbMQHMUUh1YsgAQeh6Y3vJr6zREIyaLwXo1jcAPSD5nPKFFa6ppFB3fgIWEj7JTvKo3KzUnXLFlVawa8TOyMlFCGetf86vQimgQQKsqJlG3bipWbEqEY5TApdBIJMaFD0oe2piEJQLrp7PQJPtZKD/uR0BUqPFN/T6QkkHIceLozIGogF72p+J/XTpR/4aYsjBMFIZ0v8hOOVYSnOeAeE0AVH2tCqGD6VkwHRBCqdFoFHYK9+PIyaZxWbatq356VapdZHHl0iI5QGdnoHNXQNaojB1H0iJ7RK3oznowX4934mLfmjGzmAP2B8fkD0HiSZQ==</latexit><latexit sha1_base64="p2k8MQWfvcRGGRcUH0NPN1C02GI=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxChVISEfRY9OJJKpq20Iay2U7apZsPdzeVEvtTvHhQxKu/xJv/xm2bg7Y+GHi8N8PMPC/mTCrL+jZyK6tr6xv5zcLW9s7unlncb8goERQcGvFItDwigbMQHMUUh1YsgAQeh6Y3vJr6zREIyaLwXo1jcAPSD5nPKFFa6ppFB3fgIWEj7JTvKo3KzUnXLFlVawa8TOyMlFCGetf86vQimgQQKsqJlG3bipWbEqEY5TApdBIJMaFD0oe2piEJQLrp7PQJPtZKD/uR0BUqPFN/T6QkkHIceLozIGogF72p+J/XTpR/4aYsjBMFIZ0v8hOOVYSnOeAeE0AVH2tCqGD6VkwHRBCqdFoFHYK9+PIyaZxWbatq356VapdZHHl0iI5QGdnoHNXQNaojB1H0iJ7RK3oznowX4934mLfmjGzmAP2B8fkD0HiSZQ==</latexit><latexit sha1_base64="p2k8MQWfvcRGGRcUH0NPN1C02GI=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxChVISEfRY9OJJKpq20Iay2U7apZsPdzeVEvtTvHhQxKu/xJv/xm2bg7Y+GHi8N8PMPC/mTCrL+jZyK6tr6xv5zcLW9s7unlncb8goERQcGvFItDwigbMQHMUUh1YsgAQeh6Y3vJr6zREIyaLwXo1jcAPSD5nPKFFa6ppFB3fgIWEj7JTvKo3KzUnXLFlVawa8TOyMlFCGetf86vQimgQQKsqJlG3bipWbEqEY5TApdBIJMaFD0oe2piEJQLrp7PQJPtZKD/uR0BUqPFN/T6QkkHIceLozIGogF72p+J/XTpR/4aYsjBMFIZ0v8hOOVYSnOeAeE0AVH2tCqGD6VkwHRBCqdFoFHYK9+PIyaZxWbatq356VapdZHHl0iI5QGdnoHNXQNaojB1H0iJ7RK3oznowX4934mLfmjGzmAP2B8fkD0HiSZQ==</latexit>

S ⌘ S(U, V,N)
<latexit sha1_base64="XizbOPlqBlRqW+vOHSa1tEnn7XY=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0WoUEoigh6LXjxJpaYttKFstpt26ebD3U2lxP4ULx4U8eov8ea/cdvmoK0PBh7vzTAzz4s5k8qyvo2V1bX1jc3cVn57Z3dv3ywcNGSUCEIdEvFItDwsKWchdRRTnLZiQXHgcdr0htdTvzmiQrIovFfjmLoB7ofMZwQrLXXNQh116EPCRqhecsqN8u1p1yxaFWsGtEzsjBQhQ61rfnV6EUkCGirCsZRt24qVm2KhGOF0ku8kksaYDHGftjUNcUClm85On6ATrfSQHwldoUIz9fdEigMpx4GnOwOsBnLRm4r/ee1E+ZduysI4UTQk80V+wpGK0DQH1GOCEsXHmmAimL4VkQEWmCidVl6HYC++vEwaZxXbqth358XqVRZHDo7gGEpgwwVU4QZq4ACBR3iGV3gznowX4934mLeuGNnMIfyB8fkDzUySYw==</latexit><latexit sha1_base64="XizbOPlqBlRqW+vOHSa1tEnn7XY=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0WoUEoigh6LXjxJpaYttKFstpt26ebD3U2lxP4ULx4U8eov8ea/cdvmoK0PBh7vzTAzz4s5k8qyvo2V1bX1jc3cVn57Z3dv3ywcNGSUCEIdEvFItDwsKWchdRRTnLZiQXHgcdr0htdTvzmiQrIovFfjmLoB7ofMZwQrLXXNQh116EPCRqhecsqN8u1p1yxaFWsGtEzsjBQhQ61rfnV6EUkCGirCsZRt24qVm2KhGOF0ku8kksaYDHGftjUNcUClm85On6ATrfSQHwldoUIz9fdEigMpx4GnOwOsBnLRm4r/ee1E+ZduysI4UTQk80V+wpGK0DQH1GOCEsXHmmAimL4VkQEWmCidVl6HYC++vEwaZxXbqth358XqVRZHDo7gGEpgwwVU4QZq4ACBR3iGV3gznowX4934mLeuGNnMIfyB8fkDzUySYw==</latexit><latexit sha1_base64="XizbOPlqBlRqW+vOHSa1tEnn7XY=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0WoUEoigh6LXjxJpaYttKFstpt26ebD3U2lxP4ULx4U8eov8ea/cdvmoK0PBh7vzTAzz4s5k8qyvo2V1bX1jc3cVn57Z3dv3ywcNGSUCEIdEvFItDwsKWchdRRTnLZiQXHgcdr0htdTvzmiQrIovFfjmLoB7ofMZwQrLXXNQh116EPCRqhecsqN8u1p1yxaFWsGtEzsjBQhQ61rfnV6EUkCGirCsZRt24qVm2KhGOF0ku8kksaYDHGftjUNcUClm85On6ATrfSQHwldoUIz9fdEigMpx4GnOwOsBnLRm4r/ee1E+ZduysI4UTQk80V+wpGK0DQH1GOCEsXHmmAimL4VkQEWmCidVl6HYC++vEwaZxXbqth358XqVRZHDo7gGEpgwwVU4QZq4ACBR3iGV3gznowX4934mLeuGNnMIfyB8fkDzUySYw==</latexit><latexit sha1_base64="XizbOPlqBlRqW+vOHSa1tEnn7XY=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0WoUEoigh6LXjxJpaYttKFstpt26ebD3U2lxP4ULx4U8eov8ea/cdvmoK0PBh7vzTAzz4s5k8qyvo2V1bX1jc3cVn57Z3dv3ywcNGSUCEIdEvFItDwsKWchdRRTnLZiQXHgcdr0htdTvzmiQrIovFfjmLoB7ofMZwQrLXXNQh116EPCRqhecsqN8u1p1yxaFWsGtEzsjBQhQ61rfnV6EUkCGirCsZRt24qVm2KhGOF0ku8kksaYDHGftjUNcUClm85On6ATrfSQHwldoUIz9fdEigMpx4GnOwOsBnLRm4r/ee1E+ZduysI4UTQk80V+wpGK0DQH1GOCEsXHmmAimL4VkQEWmCidVl6HYC++vEwaZxXbqth358XqVRZHDo7gGEpgwwVU4QZq4ACBR3iGV3gznowX4934mLeuGNnMIfyB8fkDzUySYw==</latexit>

i.e.

Energy Fundamental Relation



Basic Formalism
Postulates Regarding Entropy Function

Postulate 4: The entropy of any system vanishes in the state for which 

✓
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= 0
<latexit sha1_base64="Wf9msARFP/Gg/xgihBYsQuXEUHU=">AAACHXicbZDLSsNAFIYnXmu9VV26GSxCBSmJFHQjFN24koqmLTShTKaTdujkwsyJUEJexI2v4saFIi7ciG/jpC2orT8MfPznHM6c34sFV2CaX8bC4tLyymphrbi+sbm1XdrZbaookZTZNBKRbHtEMcFDZgMHwdqxZCTwBGt5w8u83rpnUvEovINRzNyA9EPuc0pAW91SzRHMh4rjS0JTJyYSOBHYzn74NnMk7w/gqJs2j68zfI7NbqlsVs2x8DxYUyijqRrd0ofTi2gSsBCoIEp1LDMGN803UMGyopMoFhM6JH3W0RiSgCk3HV+X4UPt9LAfSf1CwGP390RKAqVGgac7AwIDNVvLzf9qnQT8MzflYZwAC+lkkZ8IDBHOo8I9LhkFMdJAqOT6r5gOiA4KdKBFHYI1e/I8NE+qllm1bmrl+sU0jgLaRweogix0iuroCjWQjSh6QE/oBb0aj8az8Wa8T1oXjOnMHvoj4/Mb6eWhuw==</latexit><latexit sha1_base64="Wf9msARFP/Gg/xgihBYsQuXEUHU=">AAACHXicbZDLSsNAFIYnXmu9VV26GSxCBSmJFHQjFN24koqmLTShTKaTdujkwsyJUEJexI2v4saFIi7ciG/jpC2orT8MfPznHM6c34sFV2CaX8bC4tLyymphrbi+sbm1XdrZbaookZTZNBKRbHtEMcFDZgMHwdqxZCTwBGt5w8u83rpnUvEovINRzNyA9EPuc0pAW91SzRHMh4rjS0JTJyYSOBHYzn74NnMk7w/gqJs2j68zfI7NbqlsVs2x8DxYUyijqRrd0ofTi2gSsBCoIEp1LDMGN803UMGyopMoFhM6JH3W0RiSgCk3HV+X4UPt9LAfSf1CwGP390RKAqVGgac7AwIDNVvLzf9qnQT8MzflYZwAC+lkkZ8IDBHOo8I9LhkFMdJAqOT6r5gOiA4KdKBFHYI1e/I8NE+qllm1bmrl+sU0jgLaRweogix0iuroCjWQjSh6QE/oBb0aj8az8Wa8T1oXjOnMHvoj4/Mb6eWhuw==</latexit><latexit sha1_base64="Wf9msARFP/Gg/xgihBYsQuXEUHU=">AAACHXicbZDLSsNAFIYnXmu9VV26GSxCBSmJFHQjFN24koqmLTShTKaTdujkwsyJUEJexI2v4saFIi7ciG/jpC2orT8MfPznHM6c34sFV2CaX8bC4tLyymphrbi+sbm1XdrZbaookZTZNBKRbHtEMcFDZgMHwdqxZCTwBGt5w8u83rpnUvEovINRzNyA9EPuc0pAW91SzRHMh4rjS0JTJyYSOBHYzn74NnMk7w/gqJs2j68zfI7NbqlsVs2x8DxYUyijqRrd0ofTi2gSsBCoIEp1LDMGN803UMGyopMoFhM6JH3W0RiSgCk3HV+X4UPt9LAfSf1CwGP390RKAqVGgac7AwIDNVvLzf9qnQT8MzflYZwAC+lkkZ8IDBHOo8I9LhkFMdJAqOT6r5gOiA4KdKBFHYI1e/I8NE+qllm1bmrl+sU0jgLaRweogix0iuroCjWQjSh6QE/oBb0aj8az8Wa8T1oXjOnMHvoj4/Mb6eWhuw==</latexit><latexit sha1_base64="Wf9msARFP/Gg/xgihBYsQuXEUHU=">AAACHXicbZDLSsNAFIYnXmu9VV26GSxCBSmJFHQjFN24koqmLTShTKaTdujkwsyJUEJexI2v4saFIi7ciG/jpC2orT8MfPznHM6c34sFV2CaX8bC4tLyymphrbi+sbm1XdrZbaookZTZNBKRbHtEMcFDZgMHwdqxZCTwBGt5w8u83rpnUvEovINRzNyA9EPuc0pAW91SzRHMh4rjS0JTJyYSOBHYzn74NnMk7w/gqJs2j68zfI7NbqlsVs2x8DxYUyijqRrd0ofTi2gSsBCoIEp1LDMGN803UMGyopMoFhM6JH3W0RiSgCk3HV+X4UPt9LAfSf1CwGP390RKAqVGgac7AwIDNVvLzf9qnQT8MzflYZwAC+lkkZ8IDBHOo8I9LhkFMdJAqOT6r5gOiA4KdKBFHYI1e/I8NE+qllm1bmrl+sU0jgLaRweogix0iuroCjWQjSh6QE/oBb0aj8az8Wa8T1oXjOnMHvoj4/Mb6eWhuw==</latexit>

The immediate implication is that unlike U, S has a uniquely defined zero.


Connections to third law of thermodynamics. 



Basic Formalism
Exercise

Is the following a valid fundamental relation?

S =
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<latexit sha1_base64="OheNNlK0Nv+PEPC3gNJGG1RP5WU="></latexit><latexit sha1_base64="OheNNlK0Nv+PEPC3gNJGG1RP5WU="></latexit><latexit sha1_base64="OheNNlK0Nv+PEPC3gNJGG1RP5WU="></latexit><latexit sha1_base64="OheNNlK0Nv+PEPC3gNJGG1RP5WU="></latexit>
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<latexit sha1_base64="Q1RTcs+ttoQzVULO5Zt5+oMUw8Y="></latexit><latexit sha1_base64="Q1RTcs+ttoQzVULO5Zt5+oMUw8Y="></latexit><latexit sha1_base64="Q1RTcs+ttoQzVULO5Zt5+oMUw8Y="></latexit><latexit sha1_base64="Q1RTcs+ttoQzVULO5Zt5+oMUw8Y="></latexit>
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<latexit sha1_base64="woNXF4BnsAWn13Ht4ceKg1cUch4="></latexit><latexit sha1_base64="woNXF4BnsAWn13Ht4ceKg1cUch4="></latexit><latexit sha1_base64="woNXF4BnsAWn13Ht4ceKg1cUch4="></latexit><latexit sha1_base64="woNXF4BnsAWn13Ht4ceKg1cUch4="></latexit>

No. S is not extensive.

Yes.

No. S is not a monotonically

increasing function of U



Basic Formalism
The program

• Set up fundamental equation

• By differentiation determine extrema (equilibrium)

• From second derivatives determine if each extremum stable or unstable

• Derive U,V,N  from the stable extremum

dS =

✓
@S

@U

◆

V,N

dU +

✓
@S

@V

◆

U,N

dV +

✓
@S

@N

◆

V,U

dN
<latexit sha1_base64="vmbU+N4XzJKkzxIjDbT7l4OalZc="></latexit><latexit sha1_base64="vmbU+N4XzJKkzxIjDbT7l4OalZc="></latexit><latexit sha1_base64="vmbU+N4XzJKkzxIjDbT7l4OalZc="></latexit><latexit sha1_base64="vmbU+N4XzJKkzxIjDbT7l4OalZc="></latexit>

dU =

✓
@U

@S

◆

V,N

dS +

✓
@U

@V

◆

S,N

dV +

✓
@U

@N

◆

S,V

dN
<latexit sha1_base64="oJiQeyjbrIRrAOGU4937VtYnEDQ="></latexit><latexit sha1_base64="oJiQeyjbrIRrAOGU4937VtYnEDQ="></latexit><latexit sha1_base64="oJiQeyjbrIRrAOGU4937VtYnEDQ="></latexit><latexit sha1_base64="oJiQeyjbrIRrAOGU4937VtYnEDQ="></latexit>



Basic Formalism
Intensive variables

dU =

✓
@U

@S

◆

V,N

dS +

✓
@U

@V

◆

S,N

dV +

✓
@U

@N

◆

S,V

dN
<latexit sha1_base64="oJiQeyjbrIRrAOGU4937VtYnEDQ="></latexit><latexit sha1_base64="oJiQeyjbrIRrAOGU4937VtYnEDQ="></latexit><latexit sha1_base64="oJiQeyjbrIRrAOGU4937VtYnEDQ="></latexit><latexit sha1_base64="oJiQeyjbrIRrAOGU4937VtYnEDQ="></latexit>

T
<latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit><latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit><latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit><latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit>

�P
<latexit sha1_base64="rAWa7m3Yk6tZgHgA35mnwU6EoJU=">AAAB6XicbVDLSsNAFL2pr1pfVZduBovgxpKIoMuiG5dV7APaIJPppB06mYSZG6GE/oEbF4q49Y/c+TdO2iy09cDA4ZxzmXtPkEhh0HW/ndLK6tr6RnmzsrW9s7tX3T9omzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gnGN7nfeeLaiFg94CThfkSHSoSCUbTS/VnzsVpz6+4MZJl4BalBAZv/6g9ilkZcIZPUmJ7nJuhnVKNgkk8r/dTwhLIxHfKepYpG3PjZbNMpObHKgISxtk8hmam/JzIaGTOJApuMKI7MopeL/3m9FMMrPxMqSZErNv8oTCXBmORnk4HQnKGcWEKZFnZXwkZUU4a2nIotwVs8eZm0z+ueW/fuLmqN66KOMhzBMZyCB5fQgFtoQgsYhPAMr/DmjJ0X5935mEdLTjFzCH/gfP4AEu2NCw==</latexit><latexit sha1_base64="rAWa7m3Yk6tZgHgA35mnwU6EoJU=">AAAB6XicbVDLSsNAFL2pr1pfVZduBovgxpKIoMuiG5dV7APaIJPppB06mYSZG6GE/oEbF4q49Y/c+TdO2iy09cDA4ZxzmXtPkEhh0HW/ndLK6tr6RnmzsrW9s7tX3T9omzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gnGN7nfeeLaiFg94CThfkSHSoSCUbTS/VnzsVpz6+4MZJl4BalBAZv/6g9ilkZcIZPUmJ7nJuhnVKNgkk8r/dTwhLIxHfKepYpG3PjZbNMpObHKgISxtk8hmam/JzIaGTOJApuMKI7MopeL/3m9FMMrPxMqSZErNv8oTCXBmORnk4HQnKGcWEKZFnZXwkZUU4a2nIotwVs8eZm0z+ueW/fuLmqN66KOMhzBMZyCB5fQgFtoQgsYhPAMr/DmjJ0X5935mEdLTjFzCH/gfP4AEu2NCw==</latexit><latexit sha1_base64="rAWa7m3Yk6tZgHgA35mnwU6EoJU=">AAAB6XicbVDLSsNAFL2pr1pfVZduBovgxpKIoMuiG5dV7APaIJPppB06mYSZG6GE/oEbF4q49Y/c+TdO2iy09cDA4ZxzmXtPkEhh0HW/ndLK6tr6RnmzsrW9s7tX3T9omzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gnGN7nfeeLaiFg94CThfkSHSoSCUbTS/VnzsVpz6+4MZJl4BalBAZv/6g9ilkZcIZPUmJ7nJuhnVKNgkk8r/dTwhLIxHfKepYpG3PjZbNMpObHKgISxtk8hmam/JzIaGTOJApuMKI7MopeL/3m9FMMrPxMqSZErNv8oTCXBmORnk4HQnKGcWEKZFnZXwkZUU4a2nIotwVs8eZm0z+ueW/fuLmqN66KOMhzBMZyCB5fQgFtoQgsYhPAMr/DmjJ0X5935mEdLTjFzCH/gfP4AEu2NCw==</latexit><latexit sha1_base64="rAWa7m3Yk6tZgHgA35mnwU6EoJU=">AAAB6XicbVDLSsNAFL2pr1pfVZduBovgxpKIoMuiG5dV7APaIJPppB06mYSZG6GE/oEbF4q49Y/c+TdO2iy09cDA4ZxzmXtPkEhh0HW/ndLK6tr6RnmzsrW9s7tX3T9omzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gnGN7nfeeLaiFg94CThfkSHSoSCUbTS/VnzsVpz6+4MZJl4BalBAZv/6g9ilkZcIZPUmJ7nJuhnVKNgkk8r/dTwhLIxHfKepYpG3PjZbNMpObHKgISxtk8hmam/JzIaGTOJApuMKI7MopeL/3m9FMMrPxMqSZErNv8oTCXBmORnk4HQnKGcWEKZFnZXwkZUU4a2nIotwVs8eZm0z+ueW/fuLmqN66KOMhzBMZyCB5fQgFtoQgsYhPAMr/DmjJ0X5935mEdLTjFzCH/gfP4AEu2NCw==</latexit>

µ
<latexit sha1_base64="UFOX4zita877+Ikq+M6IENXmVh0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ300FVZr1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AV1ejdY=</latexit><latexit sha1_base64="UFOX4zita877+Ikq+M6IENXmVh0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ300FVZr1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AV1ejdY=</latexit><latexit sha1_base64="UFOX4zita877+Ikq+M6IENXmVh0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ300FVZr1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AV1ejdY=</latexit><latexit sha1_base64="UFOX4zita877+Ikq+M6IENXmVh0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ300FVZr1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AV1ejdY=</latexit>

dU = TdS � PdV + µdN
<latexit sha1_base64="hL2TaOZWpueYxr/b5bJGO9Rxqw4=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2ARBLEkIuhFKHrxJBWbttCGstls2qWbD3Y3QgnFi3/FiwdFvPorvPlv3LY5aOuDgcd7M8zM8xLOpLKsb6OwsLi0vFJcLa2tb2xumds7DRmnglCHxDwWLQ9LyllEHcUUp61EUBx6nDa9wfXYbz5QIVkc1dUwoW6IexELGMFKS11zz3fgEurg38MJ1MBvwDF0whT8265ZtirWBDBP7JyUUY5a1/zq+DFJQxopwrGUbdtKlJthoRjhdFTqpJImmAxwj7Y1jXBIpZtNXhjBoVZ8CGKhK1IwUX9PZDiUchh6ujPEqi9nvbH4n9dOVXDhZixKUkUjMl0UpBxUDOM8wGeCEsWHmmAimL4VSB8LTJROraRDsGdfnieN04ptVey7s3L1Ko+jiPbRATpCNjpHVXSDashBBD2iZ/SK3own48V4Nz6mrQUjn9lFf2B8/gAx8pQY</latexit><latexit sha1_base64="hL2TaOZWpueYxr/b5bJGO9Rxqw4=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2ARBLEkIuhFKHrxJBWbttCGstls2qWbD3Y3QgnFi3/FiwdFvPorvPlv3LY5aOuDgcd7M8zM8xLOpLKsb6OwsLi0vFJcLa2tb2xumds7DRmnglCHxDwWLQ9LyllEHcUUp61EUBx6nDa9wfXYbz5QIVkc1dUwoW6IexELGMFKS11zz3fgEurg38MJ1MBvwDF0whT8265ZtirWBDBP7JyUUY5a1/zq+DFJQxopwrGUbdtKlJthoRjhdFTqpJImmAxwj7Y1jXBIpZtNXhjBoVZ8CGKhK1IwUX9PZDiUchh6ujPEqi9nvbH4n9dOVXDhZixKUkUjMl0UpBxUDOM8wGeCEsWHmmAimL4VSB8LTJROraRDsGdfnieN04ptVey7s3L1Ko+jiPbRATpCNjpHVXSDashBBD2iZ/SK3own48V4Nz6mrQUjn9lFf2B8/gAx8pQY</latexit><latexit sha1_base64="hL2TaOZWpueYxr/b5bJGO9Rxqw4=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2ARBLEkIuhFKHrxJBWbttCGstls2qWbD3Y3QgnFi3/FiwdFvPorvPlv3LY5aOuDgcd7M8zM8xLOpLKsb6OwsLi0vFJcLa2tb2xumds7DRmnglCHxDwWLQ9LyllEHcUUp61EUBx6nDa9wfXYbz5QIVkc1dUwoW6IexELGMFKS11zz3fgEurg38MJ1MBvwDF0whT8265ZtirWBDBP7JyUUY5a1/zq+DFJQxopwrGUbdtKlJthoRjhdFTqpJImmAxwj7Y1jXBIpZtNXhjBoVZ8CGKhK1IwUX9PZDiUchh6ujPEqi9nvbH4n9dOVXDhZixKUkUjMl0UpBxUDOM8wGeCEsWHmmAimL4VSB8LTJROraRDsGdfnieN04ptVey7s3L1Ko+jiPbRATpCNjpHVXSDashBBD2iZ/SK3own48V4Nz6mrQUjn9lFf2B8/gAx8pQY</latexit><latexit sha1_base64="hL2TaOZWpueYxr/b5bJGO9Rxqw4=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2ARBLEkIuhFKHrxJBWbttCGstls2qWbD3Y3QgnFi3/FiwdFvPorvPlv3LY5aOuDgcd7M8zM8xLOpLKsb6OwsLi0vFJcLa2tb2xumds7DRmnglCHxDwWLQ9LyllEHcUUp61EUBx6nDa9wfXYbz5QIVkc1dUwoW6IexELGMFKS11zz3fgEurg38MJ1MBvwDF0whT8265ZtirWBDBP7JyUUY5a1/zq+DFJQxopwrGUbdtKlJthoRjhdFTqpJImmAxwj7Y1jXBIpZtNXhjBoVZ8CGKhK1IwUX9PZDiUchh6ujPEqi9nvbH4n9dOVXDhZixKUkUjMl0UpBxUDOM8wGeCEsWHmmAimL4VSB8LTJROraRDsGdfnieN04ptVey7s3L1Ko+jiPbRATpCNjpHVXSDashBBD2iZ/SK3own48V4Nz6mrQUjn9lFf2B8/gAx8pQY</latexit>

Compare with

dS =

✓
@S

@U

◆

V,N

dU +

✓
@S

@V

◆

U,N

dV +

✓
@S

@N

◆

V,U

dN
<latexit sha1_base64="vmbU+N4XzJKkzxIjDbT7l4OalZc="></latexit><latexit sha1_base64="vmbU+N4XzJKkzxIjDbT7l4OalZc="></latexit><latexit sha1_base64="vmbU+N4XzJKkzxIjDbT7l4OalZc="></latexit><latexit sha1_base64="vmbU+N4XzJKkzxIjDbT7l4OalZc="></latexit>

1

T
<latexit sha1_base64="eic1i6wWq8G0aN59WPX4hyXM01Y=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWOFfkEbyma7aZdudsPuRCghP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLE8ENet63U9rY3NreKe9W9vYPDo+qxycdo1JNWZsqoXQvJIYJLlkbOQrWSzQjcShYN5zez/3uE9OGK9nCWcKCmIwljzglaKX+INKEZn6etfJhtebVvQXcdeIXpAYFmsPq12CkaBoziVQQY/q+l2CQEY2cCpZXBqlhCaFTMmZ9SyWJmQmyxcm5e2GVkRspbUuiu1B/T2QkNmYWh7YzJjgxq95c/M/rpxjdBhmXSYpM0uWiKBUuKnf+vzvimlEUM0sI1dze6tIJsSmgTaliQ/BXX14nnau679X9x+ta466IowxncA6X4MMNNOABmtAGCgqe4RXeHHRenHfnY9lacoqZU/gD5/MHbOqRVQ==</latexit><latexit sha1_base64="eic1i6wWq8G0aN59WPX4hyXM01Y=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWOFfkEbyma7aZdudsPuRCghP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLE8ENet63U9rY3NreKe9W9vYPDo+qxycdo1JNWZsqoXQvJIYJLlkbOQrWSzQjcShYN5zez/3uE9OGK9nCWcKCmIwljzglaKX+INKEZn6etfJhtebVvQXcdeIXpAYFmsPq12CkaBoziVQQY/q+l2CQEY2cCpZXBqlhCaFTMmZ9SyWJmQmyxcm5e2GVkRspbUuiu1B/T2QkNmYWh7YzJjgxq95c/M/rpxjdBhmXSYpM0uWiKBUuKnf+vzvimlEUM0sI1dze6tIJsSmgTaliQ/BXX14nnau679X9x+ta466IowxncA6X4MMNNOABmtAGCgqe4RXeHHRenHfnY9lacoqZU/gD5/MHbOqRVQ==</latexit><latexit sha1_base64="eic1i6wWq8G0aN59WPX4hyXM01Y=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWOFfkEbyma7aZdudsPuRCghP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLE8ENet63U9rY3NreKe9W9vYPDo+qxycdo1JNWZsqoXQvJIYJLlkbOQrWSzQjcShYN5zez/3uE9OGK9nCWcKCmIwljzglaKX+INKEZn6etfJhtebVvQXcdeIXpAYFmsPq12CkaBoziVQQY/q+l2CQEY2cCpZXBqlhCaFTMmZ9SyWJmQmyxcm5e2GVkRspbUuiu1B/T2QkNmYWh7YzJjgxq95c/M/rpxjdBhmXSYpM0uWiKBUuKnf+vzvimlEUM0sI1dze6tIJsSmgTaliQ/BXX14nnau679X9x+ta466IowxncA6X4MMNNOABmtAGCgqe4RXeHHRenHfnY9lacoqZU/gD5/MHbOqRVQ==</latexit><latexit sha1_base64="eic1i6wWq8G0aN59WPX4hyXM01Y=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWOFfkEbyma7aZdudsPuRCghP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLE8ENet63U9rY3NreKe9W9vYPDo+qxycdo1JNWZsqoXQvJIYJLlkbOQrWSzQjcShYN5zez/3uE9OGK9nCWcKCmIwljzglaKX+INKEZn6etfJhtebVvQXcdeIXpAYFmsPq12CkaBoziVQQY/q+l2CQEY2cCpZXBqlhCaFTMmZ9SyWJmQmyxcm5e2GVkRspbUuiu1B/T2QkNmYWh7YzJjgxq95c/M/rpxjdBhmXSYpM0uWiKBUuKnf+vzvimlEUM0sI1dze6tIJsSmgTaliQ/BXX14nnau679X9x+ta466IowxncA6X4MMNNOABmtAGCgqe4RXeHHRenHfnY9lacoqZU/gD5/MHbOqRVQ==</latexit>

� µ

T
<latexit sha1_base64="i6B52UdfSuEguogBp+XuO8tRfIw=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6LHoxWOFfkETy2a7aZfubsLuRikh/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLE860cd1vZ2V1bX1js7RV3t7Z3duvHBy2dZwqQlsk5rHqhlhTziRtGWY47SaKYhFy2gnHt1O/80iVZrFsmklCA4GHkkWMYGOlh3M/UphkvkjzrJn3K1W35s6AlolXkCoUaPQrX/4gJqmg0hCOte55bmKCDCvDCKd52U81TTAZ4yHtWSqxoDrIZlfn6NQqAxTFypY0aKb+nsiw0HoiQtspsBnpRW8q/uf1UhNdBxmTSWqoJPNFUcqRidE0AjRgihLDJ5Zgopi9FZERtjkYG1TZhuAtvrxM2hc1z61595fV+k0RRwmO4QTOwIMrqMMdNKAFBBQ8wyu8OU/Oi/PufMxbV5xi5gj+wPn8AcRmkq0=</latexit><latexit sha1_base64="i6B52UdfSuEguogBp+XuO8tRfIw=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6LHoxWOFfkETy2a7aZfubsLuRikh/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLE860cd1vZ2V1bX1js7RV3t7Z3duvHBy2dZwqQlsk5rHqhlhTziRtGWY47SaKYhFy2gnHt1O/80iVZrFsmklCA4GHkkWMYGOlh3M/UphkvkjzrJn3K1W35s6AlolXkCoUaPQrX/4gJqmg0hCOte55bmKCDCvDCKd52U81TTAZ4yHtWSqxoDrIZlfn6NQqAxTFypY0aKb+nsiw0HoiQtspsBnpRW8q/uf1UhNdBxmTSWqoJPNFUcqRidE0AjRgihLDJ5Zgopi9FZERtjkYG1TZhuAtvrxM2hc1z61595fV+k0RRwmO4QTOwIMrqMMdNKAFBBQ8wyu8OU/Oi/PufMxbV5xi5gj+wPn8AcRmkq0=</latexit><latexit sha1_base64="i6B52UdfSuEguogBp+XuO8tRfIw=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6LHoxWOFfkETy2a7aZfubsLuRikh/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLE860cd1vZ2V1bX1js7RV3t7Z3duvHBy2dZwqQlsk5rHqhlhTziRtGWY47SaKYhFy2gnHt1O/80iVZrFsmklCA4GHkkWMYGOlh3M/UphkvkjzrJn3K1W35s6AlolXkCoUaPQrX/4gJqmg0hCOte55bmKCDCvDCKd52U81TTAZ4yHtWSqxoDrIZlfn6NQqAxTFypY0aKb+nsiw0HoiQtspsBnpRW8q/uf1UhNdBxmTSWqoJPNFUcqRidE0AjRgihLDJ5Zgopi9FZERtjkYG1TZhuAtvrxM2hc1z61595fV+k0RRwmO4QTOwIMrqMMdNKAFBBQ8wyu8OU/Oi/PufMxbV5xi5gj+wPn8AcRmkq0=</latexit><latexit sha1_base64="i6B52UdfSuEguogBp+XuO8tRfIw=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6LHoxWOFfkETy2a7aZfubsLuRikh/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLE860cd1vZ2V1bX1js7RV3t7Z3duvHBy2dZwqQlsk5rHqhlhTziRtGWY47SaKYhFy2gnHt1O/80iVZrFsmklCA4GHkkWMYGOlh3M/UphkvkjzrJn3K1W35s6AlolXkCoUaPQrX/4gJqmg0hCOte55bmKCDCvDCKd52U81TTAZ4yHtWSqxoDrIZlfn6NQqAxTFypY0aKb+nsiw0HoiQtspsBnpRW8q/uf1UhNdBxmTSWqoJPNFUcqRidE0AjRgihLDJ5Zgopi9FZERtjkYG1TZhuAtvrxM2hc1z61595fV+k0RRwmO4QTOwIMrqMMdNKAFBBQ8wyu8OU/Oi/PufMxbV5xi5gj+wPn8AcRmkq0=</latexit>

P

T<latexit sha1_base64="IJCMxMuzQWqh/rRAtW4mOatm3ow=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK/YI2lM120y7dZMPuRCghP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63U9rY3NreKe9W9vYPDo+qxycdo1LNeJspqXQvoIZLEfM2CpS8l2hOo0DybjC9n/vdJ66NUHELZwn3IzqORSgYRSv1B6GmLGvmWSsfVmtu3V2ArBOvIDUo0BxWvwYjxdKIx8gkNabvuQn6GdUomOR5ZZAanlA2pWPetzSmETd+tjg5JxdWGZFQaVsxkoX6eyKjkTGzKLCdEcWJWfXm4n9eP8Xw1s9EnKTIY7ZcFKaSoCLz/8lIaM5QziyhTAt7K2ETalNAm1LFhuCtvrxOOld1z617j9e1xl0RRxnO4BwuwYMbaMADNKENDBQ8wyu8Oei8OO/Ox7K15BQzp/AHzucPnGKRdA==</latexit><latexit sha1_base64="IJCMxMuzQWqh/rRAtW4mOatm3ow=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK/YI2lM120y7dZMPuRCghP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63U9rY3NreKe9W9vYPDo+qxycdo1LNeJspqXQvoIZLEfM2CpS8l2hOo0DybjC9n/vdJ66NUHELZwn3IzqORSgYRSv1B6GmLGvmWSsfVmtu3V2ArBOvIDUo0BxWvwYjxdKIx8gkNabvuQn6GdUomOR5ZZAanlA2pWPetzSmETd+tjg5JxdWGZFQaVsxkoX6eyKjkTGzKLCdEcWJWfXm4n9eP8Xw1s9EnKTIY7ZcFKaSoCLz/8lIaM5QziyhTAt7K2ETalNAm1LFhuCtvrxOOld1z617j9e1xl0RRxnO4BwuwYMbaMADNKENDBQ8wyu8Oei8OO/Ox7K15BQzp/AHzucPnGKRdA==</latexit><latexit sha1_base64="IJCMxMuzQWqh/rRAtW4mOatm3ow=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK/YI2lM120y7dZMPuRCghP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63U9rY3NreKe9W9vYPDo+qxycdo1LNeJspqXQvoIZLEfM2CpS8l2hOo0DybjC9n/vdJ66NUHELZwn3IzqORSgYRSv1B6GmLGvmWSsfVmtu3V2ArBOvIDUo0BxWvwYjxdKIx8gkNabvuQn6GdUomOR5ZZAanlA2pWPetzSmETd+tjg5JxdWGZFQaVsxkoX6eyKjkTGzKLCdEcWJWfXm4n9eP8Xw1s9EnKTIY7ZcFKaSoCLz/8lIaM5QziyhTAt7K2ETalNAm1LFhuCtvrxOOld1z617j9e1xl0RRxnO4BwuwYMbaMADNKENDBQ8wyu8Oei8OO/Ox7K15BQzp/AHzucPnGKRdA==</latexit><latexit sha1_base64="IJCMxMuzQWqh/rRAtW4mOatm3ow=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK/YI2lM120y7dZMPuRCghP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63U9rY3NreKe9W9vYPDo+qxycdo1LNeJspqXQvoIZLEfM2CpS8l2hOo0DybjC9n/vdJ66NUHELZwn3IzqORSgYRSv1B6GmLGvmWSsfVmtu3V2ArBOvIDUo0BxWvwYjxdKIx8gkNabvuQn6GdUomOR5ZZAanlA2pWPetzSmETd+tjg5JxdWGZFQaVsxkoX6eyKjkTGzKLCdEcWJWfXm4n9eP8Xw1s9EnKTIY7ZcFKaSoCLz/8lIaM5QziyhTAt7K2ETalNAm1LFhuCtvrxOOld1z617j9e1xl0RRxnO4BwuwYMbaMADNKENDBQ8wyu8Oei8OO/Ox7K15BQzp/AHzucPnGKRdA==</latexit>



Basic Formalism
Intensive variables

1

T
<latexit sha1_base64="eic1i6wWq8G0aN59WPX4hyXM01Y=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWOFfkEbyma7aZdudsPuRCghP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLE8ENet63U9rY3NreKe9W9vYPDo+qxycdo1JNWZsqoXQvJIYJLlkbOQrWSzQjcShYN5zez/3uE9OGK9nCWcKCmIwljzglaKX+INKEZn6etfJhtebVvQXcdeIXpAYFmsPq12CkaBoziVQQY/q+l2CQEY2cCpZXBqlhCaFTMmZ9SyWJmQmyxcm5e2GVkRspbUuiu1B/T2QkNmYWh7YzJjgxq95c/M/rpxjdBhmXSYpM0uWiKBUuKnf+vzvimlEUM0sI1dze6tIJsSmgTaliQ/BXX14nnau679X9x+ta466IowxncA6X4MMNNOABmtAGCgqe4RXeHHRenHfnY9lacoqZU/gD5/MHbOqRVQ==</latexit><latexit sha1_base64="eic1i6wWq8G0aN59WPX4hyXM01Y=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWOFfkEbyma7aZdudsPuRCghP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLE8ENet63U9rY3NreKe9W9vYPDo+qxycdo1JNWZsqoXQvJIYJLlkbOQrWSzQjcShYN5zez/3uE9OGK9nCWcKCmIwljzglaKX+INKEZn6etfJhtebVvQXcdeIXpAYFmsPq12CkaBoziVQQY/q+l2CQEY2cCpZXBqlhCaFTMmZ9SyWJmQmyxcm5e2GVkRspbUuiu1B/T2QkNmYWh7YzJjgxq95c/M/rpxjdBhmXSYpM0uWiKBUuKnf+vzvimlEUM0sI1dze6tIJsSmgTaliQ/BXX14nnau679X9x+ta466IowxncA6X4MMNNOABmtAGCgqe4RXeHHRenHfnY9lacoqZU/gD5/MHbOqRVQ==</latexit><latexit sha1_base64="eic1i6wWq8G0aN59WPX4hyXM01Y=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWOFfkEbyma7aZdudsPuRCghP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLE8ENet63U9rY3NreKe9W9vYPDo+qxycdo1JNWZsqoXQvJIYJLlkbOQrWSzQjcShYN5zez/3uE9OGK9nCWcKCmIwljzglaKX+INKEZn6etfJhtebVvQXcdeIXpAYFmsPq12CkaBoziVQQY/q+l2CQEY2cCpZXBqlhCaFTMmZ9SyWJmQmyxcm5e2GVkRspbUuiu1B/T2QkNmYWh7YzJjgxq95c/M/rpxjdBhmXSYpM0uWiKBUuKnf+vzvimlEUM0sI1dze6tIJsSmgTaliQ/BXX14nnau679X9x+ta466IowxncA6X4MMNNOABmtAGCgqe4RXeHHRenHfnY9lacoqZU/gD5/MHbOqRVQ==</latexit><latexit sha1_base64="eic1i6wWq8G0aN59WPX4hyXM01Y=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWOFfkEbyma7aZdudsPuRCghP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLE8ENet63U9rY3NreKe9W9vYPDo+qxycdo1JNWZsqoXQvJIYJLlkbOQrWSzQjcShYN5zez/3uE9OGK9nCWcKCmIwljzglaKX+INKEZn6etfJhtebVvQXcdeIXpAYFmsPq12CkaBoziVQQY/q+l2CQEY2cCpZXBqlhCaFTMmZ9SyWJmQmyxcm5e2GVkRspbUuiu1B/T2QkNmYWh7YzJjgxq95c/M/rpxjdBhmXSYpM0uWiKBUuKnf+vzvimlEUM0sI1dze6tIJsSmgTaliQ/BXX14nnau679X9x+ta466IowxncA6X4MMNNOABmtAGCgqe4RXeHHRenHfnY9lacoqZU/gD5/MHbOqRVQ==</latexit>

T
<latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit><latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit><latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit><latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit>

dU =

✓
@U

@S

◆

V,N,X
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j

✓
@U

@Xj

◆

S,N,X

dXj

<latexit sha1_base64="rAlAzdst65NKyEC2p/Vp2DHG2Ik="></latexit><latexit sha1_base64="rAlAzdst65NKyEC2p/Vp2DHG2Ik="></latexit><latexit sha1_base64="rAlAzdst65NKyEC2p/Vp2DHG2Ik="></latexit><latexit sha1_base64="rAlAzdst65NKyEC2p/Vp2DHG2Ik="></latexit>

Pj
<latexit sha1_base64="rgomg1lls+PPvOaU5uFpso+Um3Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+0b/sV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVurXeRxFOIFTOAcPalCHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gAlJI2x</latexit><latexit sha1_base64="rgomg1lls+PPvOaU5uFpso+Um3Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+0b/sV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVurXeRxFOIFTOAcPalCHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gAlJI2x</latexit><latexit sha1_base64="rgomg1lls+PPvOaU5uFpso+Um3Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+0b/sV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVurXeRxFOIFTOAcPalCHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gAlJI2x</latexit><latexit sha1_base64="rgomg1lls+PPvOaU5uFpso+Um3Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+0b/sV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVurXeRxFOIFTOAcPalCHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gAlJI2x</latexit>

dU = TdS +
X

j

PjdXj

<latexit sha1_base64="mwiPPd4iWfhZxfwZmyiMHBm2FOI=">AAACC3icbVBNS8NAEN3Ur1q/oh69LC2CIJREBL0IRS8eKzZtoQlhs9m02+4mYXcjlNC7F/+KFw+KePUPePPfuG1z0NYHA4/3ZpiZF6SMSmVZ30ZpZXVtfaO8Wdna3tndM/cP2jLJBCYOTlgiugGShNGYOIoqRrqpIIgHjHSC0c3U7zwQIWkSt9Q4JR5H/ZhGFCOlJd+shg68gi0Y3sNT6MqMu4xyqqQ/hE1dYdcf+mbNqlszwGViF6QGCjR988sNE5xxEivMkJQ920qVlyOhKGZkUnEzSVKER6hPeprGiBPp5bNfJvBYKyGMEqErVnCm/p7IEZdyzAPdyZEayEVvKv7n9TIVXXo5jdNMkRjPF0UZgyqB02BgSAXBio01QVhQfSvEAyQQVjq+ig7BXnx5mbTP6rZVt+/Oa43rIo4yOAJVcAJscAEa4BY0gQMweATP4BW8GU/Gi/FufMxbS0Yxcwj+wPj8AeJCmRE=</latexit><latexit sha1_base64="mwiPPd4iWfhZxfwZmyiMHBm2FOI=">AAACC3icbVBNS8NAEN3Ur1q/oh69LC2CIJREBL0IRS8eKzZtoQlhs9m02+4mYXcjlNC7F/+KFw+KePUPePPfuG1z0NYHA4/3ZpiZF6SMSmVZ30ZpZXVtfaO8Wdna3tndM/cP2jLJBCYOTlgiugGShNGYOIoqRrqpIIgHjHSC0c3U7zwQIWkSt9Q4JR5H/ZhGFCOlJd+shg68gi0Y3sNT6MqMu4xyqqQ/hE1dYdcf+mbNqlszwGViF6QGCjR988sNE5xxEivMkJQ920qVlyOhKGZkUnEzSVKER6hPeprGiBPp5bNfJvBYKyGMEqErVnCm/p7IEZdyzAPdyZEayEVvKv7n9TIVXXo5jdNMkRjPF0UZgyqB02BgSAXBio01QVhQfSvEAyQQVjq+ig7BXnx5mbTP6rZVt+/Oa43rIo4yOAJVcAJscAEa4BY0gQMweATP4BW8GU/Gi/FufMxbS0Yxcwj+wPj8AeJCmRE=</latexit><latexit sha1_base64="mwiPPd4iWfhZxfwZmyiMHBm2FOI=">AAACC3icbVBNS8NAEN3Ur1q/oh69LC2CIJREBL0IRS8eKzZtoQlhs9m02+4mYXcjlNC7F/+KFw+KePUPePPfuG1z0NYHA4/3ZpiZF6SMSmVZ30ZpZXVtfaO8Wdna3tndM/cP2jLJBCYOTlgiugGShNGYOIoqRrqpIIgHjHSC0c3U7zwQIWkSt9Q4JR5H/ZhGFCOlJd+shg68gi0Y3sNT6MqMu4xyqqQ/hE1dYdcf+mbNqlszwGViF6QGCjR988sNE5xxEivMkJQ920qVlyOhKGZkUnEzSVKER6hPeprGiBPp5bNfJvBYKyGMEqErVnCm/p7IEZdyzAPdyZEayEVvKv7n9TIVXXo5jdNMkRjPF0UZgyqB02BgSAXBio01QVhQfSvEAyQQVjq+ig7BXnx5mbTP6rZVt+/Oa43rIo4yOAJVcAJscAEa4BY0gQMweATP4BW8GU/Gi/FufMxbS0Yxcwj+wPj8AeJCmRE=</latexit><latexit sha1_base64="mwiPPd4iWfhZxfwZmyiMHBm2FOI=">AAACC3icbVBNS8NAEN3Ur1q/oh69LC2CIJREBL0IRS8eKzZtoQlhs9m02+4mYXcjlNC7F/+KFw+KePUPePPfuG1z0NYHA4/3ZpiZF6SMSmVZ30ZpZXVtfaO8Wdna3tndM/cP2jLJBCYOTlgiugGShNGYOIoqRrqpIIgHjHSC0c3U7zwQIWkSt9Q4JR5H/ZhGFCOlJd+shg68gi0Y3sNT6MqMu4xyqqQ/hE1dYdcf+mbNqlszwGViF6QGCjR988sNE5xxEivMkJQ920qVlyOhKGZkUnEzSVKER6hPeprGiBPp5bNfJvBYKyGMEqErVnCm/p7IEZdyzAPdyZEayEVvKv7n9TIVXXo5jdNMkRjPF0UZgyqB02BgSAXBio01QVhQfSvEAyQQVjq+ig7BXnx5mbTP6rZVt+/Oa43rIo4yOAJVcAJscAEa4BY0gQMweATP4BW8GU/Gi/FufMxbS0Yxcwj+wPj8AeJCmRE=</latexit>

Pj -> Generalized 

forces

Xj  -> Generalized 

            Displacement

dS =

✓
@S

@U

◆

V,N,X

dU +
X

j

✓
@S

@Xj

◆

U,N,X

dXj

<latexit sha1_base64="4n2tpzxr51vfvMlqNjxa1JYbeE0="></latexit><latexit sha1_base64="4n2tpzxr51vfvMlqNjxa1JYbeE0="></latexit><latexit sha1_base64="4n2tpzxr51vfvMlqNjxa1JYbeE0="></latexit><latexit sha1_base64="4n2tpzxr51vfvMlqNjxa1JYbeE0="></latexit>

�Pj

T<latexit sha1_base64="e3mRXV6644sZTvWESU0x1XoYbTE=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXBD0WvXis0C9o15JNs21sNlmSrFKW/R9ePCji1f/izX9j2u5BWx8MPN6bYWZeEHOmjet+O4WV1bX1jeJmaWt7Z3evvH/Q0jJRhDaJ5FJ1AqwpZ4I2DTOcdmJFcRRw2g7GN1O//UiVZlI0zCSmfoSHgoWMYGOl+7NeqDBJ6/2HLG1k/XLFrbozoGXi5aQCOer98ldvIEkSUWEIx1p3PTc2foqVYYTTrNRLNI0xGeMh7VoqcES1n86uztCJVQYolMqWMGim/p5IcaT1JApsZ4TNSC96U/E/r5uY8MpPmYgTQwWZLwoTjoxE0wjQgClKDJ9Ygoli9lZERtjmYGxQJRuCt/jyMmmdVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHJhBQ8Ayv8OY8OS/Ou/Mxby04+cwh/IHz+QOLmJKI</latexit><latexit sha1_base64="e3mRXV6644sZTvWESU0x1XoYbTE=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXBD0WvXis0C9o15JNs21sNlmSrFKW/R9ePCji1f/izX9j2u5BWx8MPN6bYWZeEHOmjet+O4WV1bX1jeJmaWt7Z3evvH/Q0jJRhDaJ5FJ1AqwpZ4I2DTOcdmJFcRRw2g7GN1O//UiVZlI0zCSmfoSHgoWMYGOl+7NeqDBJ6/2HLG1k/XLFrbozoGXi5aQCOer98ldvIEkSUWEIx1p3PTc2foqVYYTTrNRLNI0xGeMh7VoqcES1n86uztCJVQYolMqWMGim/p5IcaT1JApsZ4TNSC96U/E/r5uY8MpPmYgTQwWZLwoTjoxE0wjQgClKDJ9Ygoli9lZERtjmYGxQJRuCt/jyMmmdVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHJhBQ8Ayv8OY8OS/Ou/Mxby04+cwh/IHz+QOLmJKI</latexit><latexit sha1_base64="e3mRXV6644sZTvWESU0x1XoYbTE=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXBD0WvXis0C9o15JNs21sNlmSrFKW/R9ePCji1f/izX9j2u5BWx8MPN6bYWZeEHOmjet+O4WV1bX1jeJmaWt7Z3evvH/Q0jJRhDaJ5FJ1AqwpZ4I2DTOcdmJFcRRw2g7GN1O//UiVZlI0zCSmfoSHgoWMYGOl+7NeqDBJ6/2HLG1k/XLFrbozoGXi5aQCOer98ldvIEkSUWEIx1p3PTc2foqVYYTTrNRLNI0xGeMh7VoqcES1n86uztCJVQYolMqWMGim/p5IcaT1JApsZ4TNSC96U/E/r5uY8MpPmYgTQwWZLwoTjoxE0wjQgClKDJ9Ygoli9lZERtjmYGxQJRuCt/jyMmmdVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHJhBQ8Ayv8OY8OS/Ou/Mxby04+cwh/IHz+QOLmJKI</latexit><latexit sha1_base64="e3mRXV6644sZTvWESU0x1XoYbTE=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXBD0WvXis0C9o15JNs21sNlmSrFKW/R9ePCji1f/izX9j2u5BWx8MPN6bYWZeEHOmjet+O4WV1bX1jeJmaWt7Z3evvH/Q0jJRhDaJ5FJ1AqwpZ4I2DTOcdmJFcRRw2g7GN1O//UiVZlI0zCSmfoSHgoWMYGOl+7NeqDBJ6/2HLG1k/XLFrbozoGXi5aQCOer98ldvIEkSUWEIx1p3PTc2foqVYYTTrNRLNI0xGeMh7VoqcES1n86uztCJVQYolMqWMGim/p5IcaT1JApsZ4TNSC96U/E/r5uY8MpPmYgTQwWZLwoTjoxE0wjQgClKDJ9Ygoli9lZERtjmYGxQJRuCt/jyMmmdVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHJhBQ8Ayv8OY8OS/Ou/Mxby04+cwh/IHz+QOLmJKI</latexit>

Note: When Xj = V 
  Pj = -P



Basic Formalism
Intensive variables (multi-component system)

T
<latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit><latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit><latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit><latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit>

�P
<latexit sha1_base64="rAWa7m3Yk6tZgHgA35mnwU6EoJU=">AAAB6XicbVDLSsNAFL2pr1pfVZduBovgxpKIoMuiG5dV7APaIJPppB06mYSZG6GE/oEbF4q49Y/c+TdO2iy09cDA4ZxzmXtPkEhh0HW/ndLK6tr6RnmzsrW9s7tX3T9omzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gnGN7nfeeLaiFg94CThfkSHSoSCUbTS/VnzsVpz6+4MZJl4BalBAZv/6g9ilkZcIZPUmJ7nJuhnVKNgkk8r/dTwhLIxHfKepYpG3PjZbNMpObHKgISxtk8hmam/JzIaGTOJApuMKI7MopeL/3m9FMMrPxMqSZErNv8oTCXBmORnk4HQnKGcWEKZFnZXwkZUU4a2nIotwVs8eZm0z+ueW/fuLmqN66KOMhzBMZyCB5fQgFtoQgsYhPAMr/DmjJ0X5935mEdLTjFzCH/gfP4AEu2NCw==</latexit><latexit sha1_base64="rAWa7m3Yk6tZgHgA35mnwU6EoJU=">AAAB6XicbVDLSsNAFL2pr1pfVZduBovgxpKIoMuiG5dV7APaIJPppB06mYSZG6GE/oEbF4q49Y/c+TdO2iy09cDA4ZxzmXtPkEhh0HW/ndLK6tr6RnmzsrW9s7tX3T9omzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gnGN7nfeeLaiFg94CThfkSHSoSCUbTS/VnzsVpz6+4MZJl4BalBAZv/6g9ilkZcIZPUmJ7nJuhnVKNgkk8r/dTwhLIxHfKepYpG3PjZbNMpObHKgISxtk8hmam/JzIaGTOJApuMKI7MopeL/3m9FMMrPxMqSZErNv8oTCXBmORnk4HQnKGcWEKZFnZXwkZUU4a2nIotwVs8eZm0z+ueW/fuLmqN66KOMhzBMZyCB5fQgFtoQgsYhPAMr/DmjJ0X5935mEdLTjFzCH/gfP4AEu2NCw==</latexit><latexit sha1_base64="rAWa7m3Yk6tZgHgA35mnwU6EoJU=">AAAB6XicbVDLSsNAFL2pr1pfVZduBovgxpKIoMuiG5dV7APaIJPppB06mYSZG6GE/oEbF4q49Y/c+TdO2iy09cDA4ZxzmXtPkEhh0HW/ndLK6tr6RnmzsrW9s7tX3T9omzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gnGN7nfeeLaiFg94CThfkSHSoSCUbTS/VnzsVpz6+4MZJl4BalBAZv/6g9ilkZcIZPUmJ7nJuhnVKNgkk8r/dTwhLIxHfKepYpG3PjZbNMpObHKgISxtk8hmam/JzIaGTOJApuMKI7MopeL/3m9FMMrPxMqSZErNv8oTCXBmORnk4HQnKGcWEKZFnZXwkZUU4a2nIotwVs8eZm0z+ueW/fuLmqN66KOMhzBMZyCB5fQgFtoQgsYhPAMr/DmjJ0X5935mEdLTjFzCH/gfP4AEu2NCw==</latexit><latexit sha1_base64="rAWa7m3Yk6tZgHgA35mnwU6EoJU=">AAAB6XicbVDLSsNAFL2pr1pfVZduBovgxpKIoMuiG5dV7APaIJPppB06mYSZG6GE/oEbF4q49Y/c+TdO2iy09cDA4ZxzmXtPkEhh0HW/ndLK6tr6RnmzsrW9s7tX3T9omzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gnGN7nfeeLaiFg94CThfkSHSoSCUbTS/VnzsVpz6+4MZJl4BalBAZv/6g9ilkZcIZPUmJ7nJuhnVKNgkk8r/dTwhLIxHfKepYpG3PjZbNMpObHKgISxtk8hmam/JzIaGTOJApuMKI7MopeL/3m9FMMrPxMqSZErNv8oTCXBmORnk4HQnKGcWEKZFnZXwkZUU4a2nIotwVs8eZm0z+ueW/fuLmqN66KOMhzBMZyCB5fQgFtoQgsYhPAMr/DmjJ0X5935mEdLTjFzCH/gfP4AEu2NCw==</latexit>

Temperature Pressure Electrochemical

 potential of jth component

dU =

✓
@U

@S

◆

V,N

dS +

✓
@U

@V

◆

S,N

dV +
rX

j=1

✓
@U

@Nj

◆

S,V

dNj

<latexit sha1_base64="229zeqcZ2Oi9vX+8tpLFHGhJzaw="></latexit><latexit sha1_base64="229zeqcZ2Oi9vX+8tpLFHGhJzaw="></latexit><latexit sha1_base64="229zeqcZ2Oi9vX+8tpLFHGhJzaw="></latexit><latexit sha1_base64="229zeqcZ2Oi9vX+8tpLFHGhJzaw="></latexit>

µj
<latexit sha1_base64="DalNytJ31A6O3doAodCCALVGYw0=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48R3CSQLGF2MpuMmccyMyuEJd/gxYMiXv0gb/6Nk2QPmljQUFR1090Vp5wZ6/vfXmltfWNzq7xd2dnd2z+oHh61jMo0oSFRXOlOjA3lTNLQMstpJ9UUi5jTdjy+nfntJ6oNU/LBTlIaCTyULGEEWyeFPZH1H/vVml/350CrJChIDQo0+9Wv3kCRTFBpCcfGdAM/tVGOtWWE02mllxmaYjLGQ9p1VGJBTZTPj52iM6cMUKK0K2nRXP09kWNhzETErlNgOzLL3kz8z+tmNrmOcibTzFJJFouSjCOr0OxzNGCaEssnjmCimbsVkRHWmFiXT8WFECy/vEpaF/XArwf3l7XGTRFHGU7gFM4hgCtowB00IQQCDJ7hFd486b14797HorXkFTPH8Afe5w/avo6z</latexit><latexit sha1_base64="DalNytJ31A6O3doAodCCALVGYw0=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48R3CSQLGF2MpuMmccyMyuEJd/gxYMiXv0gb/6Nk2QPmljQUFR1090Vp5wZ6/vfXmltfWNzq7xd2dnd2z+oHh61jMo0oSFRXOlOjA3lTNLQMstpJ9UUi5jTdjy+nfntJ6oNU/LBTlIaCTyULGEEWyeFPZH1H/vVml/350CrJChIDQo0+9Wv3kCRTFBpCcfGdAM/tVGOtWWE02mllxmaYjLGQ9p1VGJBTZTPj52iM6cMUKK0K2nRXP09kWNhzETErlNgOzLL3kz8z+tmNrmOcibTzFJJFouSjCOr0OxzNGCaEssnjmCimbsVkRHWmFiXT8WFECy/vEpaF/XArwf3l7XGTRFHGU7gFM4hgCtowB00IQQCDJ7hFd486b14797HorXkFTPH8Afe5w/avo6z</latexit><latexit sha1_base64="DalNytJ31A6O3doAodCCALVGYw0=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48R3CSQLGF2MpuMmccyMyuEJd/gxYMiXv0gb/6Nk2QPmljQUFR1090Vp5wZ6/vfXmltfWNzq7xd2dnd2z+oHh61jMo0oSFRXOlOjA3lTNLQMstpJ9UUi5jTdjy+nfntJ6oNU/LBTlIaCTyULGEEWyeFPZH1H/vVml/350CrJChIDQo0+9Wv3kCRTFBpCcfGdAM/tVGOtWWE02mllxmaYjLGQ9p1VGJBTZTPj52iM6cMUKK0K2nRXP09kWNhzETErlNgOzLL3kz8z+tmNrmOcibTzFJJFouSjCOr0OxzNGCaEssnjmCimbsVkRHWmFiXT8WFECy/vEpaF/XArwf3l7XGTRFHGU7gFM4hgCtowB00IQQCDJ7hFd486b14797HorXkFTPH8Afe5w/avo6z</latexit><latexit sha1_base64="DalNytJ31A6O3doAodCCALVGYw0=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48R3CSQLGF2MpuMmccyMyuEJd/gxYMiXv0gb/6Nk2QPmljQUFR1090Vp5wZ6/vfXmltfWNzq7xd2dnd2z+oHh61jMo0oSFRXOlOjA3lTNLQMstpJ9UUi5jTdjy+nfntJ6oNU/LBTlIaCTyULGEEWyeFPZH1H/vVml/350CrJChIDQo0+9Wv3kCRTFBpCcfGdAM/tVGOtWWE02mllxmaYjLGQ9p1VGJBTZTPj52iM6cMUKK0K2nRXP09kWNhzETErlNgOzLL3kz8z+tmNrmOcibTzFJJFouSjCOr0OxzNGCaEssnjmCimbsVkRHWmFiXT8WFECy/vEpaF/XArwf3l7XGTRFHGU7gFM4hgCtowB00IQQCDJ7hFd486b14797HorXkFTPH8Afe5w/avo6z</latexit>

dU = TdS � PdV + µ1dN1 + · · ·+ µrdNr
<latexit sha1_base64="oFtDcoc3/QpFZuUgIDHRjyDRORM=">AAACHHicbVDLSgMxFM3UV62vUZduLhZBEMuMCroRim5cScW+oC1DJpNpQzOZIckIpfRD3Pgrblwo4saF4N+YtrPQ1gMJJ+fcy809fsKZ0o7zbeUWFpeWV/KrhbX1jc0te3unruJUElojMY9l08eKciZoTTPNaTORFEc+pw2/fz32Gw9UKhaLqh4ktBPhrmAhI1gbybNPgxpcQhWCeziGCgR1OIJ2lHouBLfmMg8SxFplqhyr0rOLTsmZAOaJm5EiylDx7M92EJM0okITjpVquU6iO0MsNSOcjgrtVNEEkz7u0pahAkdUdYaT5UZwYJQAwliaIzRM1N8dQxwpNYh8Uxlh3VOz3lj8z2ulOrzoDJlIUk0FmQ4KUw46hnFSEDBJieYDQzCRzPwVSA9LTLTJs2BCcGdXnif1k5LrlNy7s2L5Kosjj/bQPjpELjpHZXSDKqiGCHpEz+gVvVlP1ov1bn1MS3NW1rOL/sD6+gFU5509</latexit><latexit sha1_base64="oFtDcoc3/QpFZuUgIDHRjyDRORM=">AAACHHicbVDLSgMxFM3UV62vUZduLhZBEMuMCroRim5cScW+oC1DJpNpQzOZIckIpfRD3Pgrblwo4saF4N+YtrPQ1gMJJ+fcy809fsKZ0o7zbeUWFpeWV/KrhbX1jc0te3unruJUElojMY9l08eKciZoTTPNaTORFEc+pw2/fz32Gw9UKhaLqh4ktBPhrmAhI1gbybNPgxpcQhWCeziGCgR1OIJ2lHouBLfmMg8SxFplqhyr0rOLTsmZAOaJm5EiylDx7M92EJM0okITjpVquU6iO0MsNSOcjgrtVNEEkz7u0pahAkdUdYaT5UZwYJQAwliaIzRM1N8dQxwpNYh8Uxlh3VOz3lj8z2ulOrzoDJlIUk0FmQ4KUw46hnFSEDBJieYDQzCRzPwVSA9LTLTJs2BCcGdXnif1k5LrlNy7s2L5Kosjj/bQPjpELjpHZXSDKqiGCHpEz+gVvVlP1ov1bn1MS3NW1rOL/sD6+gFU5509</latexit><latexit sha1_base64="oFtDcoc3/QpFZuUgIDHRjyDRORM=">AAACHHicbVDLSgMxFM3UV62vUZduLhZBEMuMCroRim5cScW+oC1DJpNpQzOZIckIpfRD3Pgrblwo4saF4N+YtrPQ1gMJJ+fcy809fsKZ0o7zbeUWFpeWV/KrhbX1jc0te3unruJUElojMY9l08eKciZoTTPNaTORFEc+pw2/fz32Gw9UKhaLqh4ktBPhrmAhI1gbybNPgxpcQhWCeziGCgR1OIJ2lHouBLfmMg8SxFplqhyr0rOLTsmZAOaJm5EiylDx7M92EJM0okITjpVquU6iO0MsNSOcjgrtVNEEkz7u0pahAkdUdYaT5UZwYJQAwliaIzRM1N8dQxwpNYh8Uxlh3VOz3lj8z2ulOrzoDJlIUk0FmQ4KUw46hnFSEDBJieYDQzCRzPwVSA9LTLTJs2BCcGdXnif1k5LrlNy7s2L5Kosjj/bQPjpELjpHZXSDKqiGCHpEz+gVvVlP1ov1bn1MS3NW1rOL/sD6+gFU5509</latexit><latexit sha1_base64="oFtDcoc3/QpFZuUgIDHRjyDRORM=">AAACHHicbVDLSgMxFM3UV62vUZduLhZBEMuMCroRim5cScW+oC1DJpNpQzOZIckIpfRD3Pgrblwo4saF4N+YtrPQ1gMJJ+fcy809fsKZ0o7zbeUWFpeWV/KrhbX1jc0te3unruJUElojMY9l08eKciZoTTPNaTORFEc+pw2/fz32Gw9UKhaLqh4ktBPhrmAhI1gbybNPgxpcQhWCeziGCgR1OIJ2lHouBLfmMg8SxFplqhyr0rOLTsmZAOaJm5EiylDx7M92EJM0okITjpVquU6iO0MsNSOcjgrtVNEEkz7u0pahAkdUdYaT5UZwYJQAwliaIzRM1N8dQxwpNYh8Uxlh3VOz3lj8z2ulOrzoDJlIUk0FmQ4KUw46hnFSEDBJieYDQzCRzPwVSA9LTLTJs2BCcGdXnif1k5LrlNy7s2L5Kosjj/bQPjpELjpHZXSDKqiGCHpEz+gVvVlP1ov1bn1MS3NW1rOL/sD6+gFU5509</latexit>

Note that when Nj are kept constant then, since -PdV  is just the mechanical work 
done, we can write

TdS = dU � �W = �Q
<latexit sha1_base64="5xIppLAP/VVc2w5JakLKiPkCiVU=">AAACCHicbZDNSgMxFIUz/tb6N+rShcEiuLHMiKAboejGZYudttAOJZPJtKGZzJDcEUrp0o2v4saFIm59BHe+jWk7C209EPhy7r0k9wSp4Boc59taWl5ZXVsvbBQ3t7Z3du29/YZOMkWZRxORqFZANBNcMg84CNZKFSNxIFgzGNxO6s0HpjRPZB2GKfNj0pM84pSAsbr2UR2H9/gahx4+w52QCSC4ae451rp2ySk7U+FFcHMooVzVrv3VCROaxUwCFUTrtuuk4I+IAk4FGxc7mWYpoQPSY22DksRM+6PpImN8YpwQR4kyRwKeur8nRiTWehgHpjMm0NfztYn5X62dQXTlj7hMM2CSzh6KMoEhwZNUcMgVoyCGBghV3PwV0z5RhILJrmhCcOdXXoTGedl1ym7tolS5yeMooEN0jE6Riy5RBd2hKvIQRY/oGb2iN+vJerHerY9Z65KVzxygP7I+fwAjS5bg</latexit><latexit sha1_base64="5xIppLAP/VVc2w5JakLKiPkCiVU=">AAACCHicbZDNSgMxFIUz/tb6N+rShcEiuLHMiKAboejGZYudttAOJZPJtKGZzJDcEUrp0o2v4saFIm59BHe+jWk7C209EPhy7r0k9wSp4Boc59taWl5ZXVsvbBQ3t7Z3du29/YZOMkWZRxORqFZANBNcMg84CNZKFSNxIFgzGNxO6s0HpjRPZB2GKfNj0pM84pSAsbr2UR2H9/gahx4+w52QCSC4ae451rp2ySk7U+FFcHMooVzVrv3VCROaxUwCFUTrtuuk4I+IAk4FGxc7mWYpoQPSY22DksRM+6PpImN8YpwQR4kyRwKeur8nRiTWehgHpjMm0NfztYn5X62dQXTlj7hMM2CSzh6KMoEhwZNUcMgVoyCGBghV3PwV0z5RhILJrmhCcOdXXoTGedl1ym7tolS5yeMooEN0jE6Riy5RBd2hKvIQRY/oGb2iN+vJerHerY9Z65KVzxygP7I+fwAjS5bg</latexit><latexit sha1_base64="5xIppLAP/VVc2w5JakLKiPkCiVU=">AAACCHicbZDNSgMxFIUz/tb6N+rShcEiuLHMiKAboejGZYudttAOJZPJtKGZzJDcEUrp0o2v4saFIm59BHe+jWk7C209EPhy7r0k9wSp4Boc59taWl5ZXVsvbBQ3t7Z3du29/YZOMkWZRxORqFZANBNcMg84CNZKFSNxIFgzGNxO6s0HpjRPZB2GKfNj0pM84pSAsbr2UR2H9/gahx4+w52QCSC4ae451rp2ySk7U+FFcHMooVzVrv3VCROaxUwCFUTrtuuk4I+IAk4FGxc7mWYpoQPSY22DksRM+6PpImN8YpwQR4kyRwKeur8nRiTWehgHpjMm0NfztYn5X62dQXTlj7hMM2CSzh6KMoEhwZNUcMgVoyCGBghV3PwV0z5RhILJrmhCcOdXXoTGedl1ym7tolS5yeMooEN0jE6Riy5RBd2hKvIQRY/oGb2iN+vJerHerY9Z65KVzxygP7I+fwAjS5bg</latexit><latexit sha1_base64="5xIppLAP/VVc2w5JakLKiPkCiVU=">AAACCHicbZDNSgMxFIUz/tb6N+rShcEiuLHMiKAboejGZYudttAOJZPJtKGZzJDcEUrp0o2v4saFIm59BHe+jWk7C209EPhy7r0k9wSp4Boc59taWl5ZXVsvbBQ3t7Z3du29/YZOMkWZRxORqFZANBNcMg84CNZKFSNxIFgzGNxO6s0HpjRPZB2GKfNj0pM84pSAsbr2UR2H9/gahx4+w52QCSC4ae451rp2ySk7U+FFcHMooVzVrv3VCROaxUwCFUTrtuuk4I+IAk4FGxc7mWYpoQPSY22DksRM+6PpImN8YpwQR4kyRwKeur8nRiTWehgHpjMm0NfztYn5X62dQXTlj7hMM2CSzh6KMoEhwZNUcMgVoyCGBghV3PwV0z5RhILJrmhCcOdXXoTGedl1ym7tolS5yeMooEN0jE6Riy5RBd2hKvIQRY/oGb2iN+vJerHerY9Z65KVzxygP7I+fwAjS5bg</latexit>

Quasi-static heat flux 

into the system



Basic Formalism
Equations of state

T = T (S,X1, X2, ...)
<latexit sha1_base64="D5C7sxDERSNJVyLMwNMExfewUsQ=">AAAB/XicbVDJSgNBEK2JW4zbuNy8NAYhQhhmgqAXIejFY8RskAxDT6cnadKz0N0jxBD8FS8eFPHqf3jzb+wkc9DEBwWP96qoqucnnEll299GbmV1bX0jv1nY2t7Z3TP3D5oyTgWhDRLzWLR9LClnEW0opjhtJ4Li0Oe05Q9vpn7rgQrJ4qiuRgl1Q9yPWMAIVlryzKM6ukL10n257Tm6KmXLss48s2hb9gxomTgZKUKGmmd+dXsxSUMaKcKxlB3HTpQ7xkIxwumk0E0lTTAZ4j7taBrhkEp3PLt+gk610kNBLHRFCs3U3xNjHEo5Cn3dGWI1kIveVPzP66QquHTHLEpSRSMyXxSkHKkYTaNAPSYoUXykCSaC6VsRGWCBidKBFXQIzuLLy6RZsRzbcu7Oi9XrLI48HMMJlMCBC6jCLdSgAQQe4Rle4c14Ml6Md+Nj3pozsplD+APj8wekBJIb</latexit><latexit sha1_base64="D5C7sxDERSNJVyLMwNMExfewUsQ=">AAAB/XicbVDJSgNBEK2JW4zbuNy8NAYhQhhmgqAXIejFY8RskAxDT6cnadKz0N0jxBD8FS8eFPHqf3jzb+wkc9DEBwWP96qoqucnnEll299GbmV1bX0jv1nY2t7Z3TP3D5oyTgWhDRLzWLR9LClnEW0opjhtJ4Li0Oe05Q9vpn7rgQrJ4qiuRgl1Q9yPWMAIVlryzKM6ukL10n257Tm6KmXLss48s2hb9gxomTgZKUKGmmd+dXsxSUMaKcKxlB3HTpQ7xkIxwumk0E0lTTAZ4j7taBrhkEp3PLt+gk610kNBLHRFCs3U3xNjHEo5Cn3dGWI1kIveVPzP66QquHTHLEpSRSMyXxSkHKkYTaNAPSYoUXykCSaC6VsRGWCBidKBFXQIzuLLy6RZsRzbcu7Oi9XrLI48HMMJlMCBC6jCLdSgAQQe4Rle4c14Ml6Md+Nj3pozsplD+APj8wekBJIb</latexit><latexit sha1_base64="D5C7sxDERSNJVyLMwNMExfewUsQ=">AAAB/XicbVDJSgNBEK2JW4zbuNy8NAYhQhhmgqAXIejFY8RskAxDT6cnadKz0N0jxBD8FS8eFPHqf3jzb+wkc9DEBwWP96qoqucnnEll299GbmV1bX0jv1nY2t7Z3TP3D5oyTgWhDRLzWLR9LClnEW0opjhtJ4Li0Oe05Q9vpn7rgQrJ4qiuRgl1Q9yPWMAIVlryzKM6ukL10n257Tm6KmXLss48s2hb9gxomTgZKUKGmmd+dXsxSUMaKcKxlB3HTpQ7xkIxwumk0E0lTTAZ4j7taBrhkEp3PLt+gk610kNBLHRFCs3U3xNjHEo5Cn3dGWI1kIveVPzP66QquHTHLEpSRSMyXxSkHKkYTaNAPSYoUXykCSaC6VsRGWCBidKBFXQIzuLLy6RZsRzbcu7Oi9XrLI48HMMJlMCBC6jCLdSgAQQe4Rle4c14Ml6Md+Nj3pozsplD+APj8wekBJIb</latexit><latexit sha1_base64="D5C7sxDERSNJVyLMwNMExfewUsQ=">AAAB/XicbVDJSgNBEK2JW4zbuNy8NAYhQhhmgqAXIejFY8RskAxDT6cnadKz0N0jxBD8FS8eFPHqf3jzb+wkc9DEBwWP96qoqucnnEll299GbmV1bX0jv1nY2t7Z3TP3D5oyTgWhDRLzWLR9LClnEW0opjhtJ4Li0Oe05Q9vpn7rgQrJ4qiuRgl1Q9yPWMAIVlryzKM6ukL10n257Tm6KmXLss48s2hb9gxomTgZKUKGmmd+dXsxSUMaKcKxlB3HTpQ7xkIxwumk0E0lTTAZ4j7taBrhkEp3PLt+gk610kNBLHRFCs3U3xNjHEo5Cn3dGWI1kIveVPzP66QquHTHLEpSRSMyXxSkHKkYTaNAPSYoUXykCSaC6VsRGWCBidKBFXQIzuLLy6RZsRzbcu7Oi9XrLI48HMMJlMCBC6jCLdSgAQQe4Rle4c14Ml6Md+Nj3pozsplD+APj8wekBJIb</latexit>

Pj = Pj(S,X1, X2, ...)
<latexit sha1_base64="FQ9eup5GiWwV9AvP7XHGFqhQpDA=">AAACAXicbVDLSgMxFL1TX7W+Rt0IboJFqFCGmSLoRii6cVnRPqAdhkyaaWMzD5KMUErd+CtuXCji1r9w59+YtrPQ1gM3HM65l5t7/IQzqWz728gtLa+sruXXCxubW9s75u5eQ8apILROYh6Llo8l5SyidcUUp61EUBz6nDb9wdXEbz5QIVkc3alhQt0Q9yIWMIKVljzzoObdowuk39JtueU5uiply7JOPLNoW/YUaJE4GSlChppnfnW6MUlDGinCsZRtx06UO8JCMcLpuNBJJU0wGeAebWsa4ZBKdzS9YIyOtdJFQSx0RQpN1d8TIxxKOQx93Rli1Zfz3kT8z2unKjh3RyxKUkUjMlsUpBypGE3iQF0mKFF8qAkmgum/ItLHAhOlQyvoEJz5kxdJo2I5tuXcnBarl1kceTiEIyiBA2dQhWuoQR0IPMIzvMKb8WS8GO/Gx6w1Z2Qz+/AHxucPrV2TzQ==</latexit><latexit sha1_base64="FQ9eup5GiWwV9AvP7XHGFqhQpDA=">AAACAXicbVDLSgMxFL1TX7W+Rt0IboJFqFCGmSLoRii6cVnRPqAdhkyaaWMzD5KMUErd+CtuXCji1r9w59+YtrPQ1gM3HM65l5t7/IQzqWz728gtLa+sruXXCxubW9s75u5eQ8apILROYh6Llo8l5SyidcUUp61EUBz6nDb9wdXEbz5QIVkc3alhQt0Q9yIWMIKVljzzoObdowuk39JtueU5uiply7JOPLNoW/YUaJE4GSlChppnfnW6MUlDGinCsZRtx06UO8JCMcLpuNBJJU0wGeAebWsa4ZBKdzS9YIyOtdJFQSx0RQpN1d8TIxxKOQx93Rli1Zfz3kT8z2unKjh3RyxKUkUjMlsUpBypGE3iQF0mKFF8qAkmgum/ItLHAhOlQyvoEJz5kxdJo2I5tuXcnBarl1kceTiEIyiBA2dQhWuoQR0IPMIzvMKb8WS8GO/Gx6w1Z2Qz+/AHxucPrV2TzQ==</latexit><latexit sha1_base64="FQ9eup5GiWwV9AvP7XHGFqhQpDA=">AAACAXicbVDLSgMxFL1TX7W+Rt0IboJFqFCGmSLoRii6cVnRPqAdhkyaaWMzD5KMUErd+CtuXCji1r9w59+YtrPQ1gM3HM65l5t7/IQzqWz728gtLa+sruXXCxubW9s75u5eQ8apILROYh6Llo8l5SyidcUUp61EUBz6nDb9wdXEbz5QIVkc3alhQt0Q9yIWMIKVljzzoObdowuk39JtueU5uiply7JOPLNoW/YUaJE4GSlChppnfnW6MUlDGinCsZRtx06UO8JCMcLpuNBJJU0wGeAebWsa4ZBKdzS9YIyOtdJFQSx0RQpN1d8TIxxKOQx93Rli1Zfz3kT8z2unKjh3RyxKUkUjMlsUpBypGE3iQF0mKFF8qAkmgum/ItLHAhOlQyvoEJz5kxdJo2I5tuXcnBarl1kceTiEIyiBA2dQhWuoQR0IPMIzvMKb8WS8GO/Gx6w1Z2Qz+/AHxucPrV2TzQ==</latexit><latexit sha1_base64="FQ9eup5GiWwV9AvP7XHGFqhQpDA=">AAACAXicbVDLSgMxFL1TX7W+Rt0IboJFqFCGmSLoRii6cVnRPqAdhkyaaWMzD5KMUErd+CtuXCji1r9w59+YtrPQ1gM3HM65l5t7/IQzqWz728gtLa+sruXXCxubW9s75u5eQ8apILROYh6Llo8l5SyidcUUp61EUBz6nDb9wdXEbz5QIVkc3alhQt0Q9yIWMIKVljzzoObdowuk39JtueU5uiply7JOPLNoW/YUaJE4GSlChppnfnW6MUlDGinCsZRtx06UO8JCMcLpuNBJJU0wGeAebWsa4ZBKdzS9YIyOtdJFQSx0RQpN1d8TIxxKOQx93Rli1Zfz3kT8z2unKjh3RyxKUkUjMlsUpBypGE3iQF0mKFF8qAkmgum/ItLHAhOlQyvoEJz5kxdJo2I5tuXcnBarl1kceTiEIyiBA2dQhWuoQR0IPMIzvMKb8WS8GO/Gx6w1Z2Qz+/AHxucPrV2TzQ==</latexit>

In the general notation for extensive variables

T = T (S, V,N1, N2, ..., Nr)
<latexit sha1_base64="zMz9jRkBpF3TnTwFNDalsqxc5m4=">AAACA3icbVDLSgMxFL3js9bXqDvdBItQoQwzRdCNUHTjSir2Be0wZNJMG5p5kGSEUgpu/BU3LhRx60+4829M21lo64FLDufcy809fsKZVLb9bSwtr6yurec28ptb2zu75t5+Q8apILROYh6Llo8l5SyidcUUp61EUBz6nDb9wfXEbz5QIVkc1dQwoW6IexELGMFKS555WEOXqFa8LzVKt56jq1yyLEu/4tQzC7ZlT4EWiZORAmSoeuZXpxuTNKSRIhxL2XbsRLkjLBQjnI7znVTSBJMB7tG2phEOqXRH0xvG6EQrXRTEQlek0FT9PTHCoZTD0NedIVZ9Oe9NxP+8dqqCC3fEoiRVNCKzRUHKkYrRJBDUZYISxYeaYCKY/isifSwwUTq2vA7BmT95kTTKlmNbzt1ZoXKVxZGDIziGIjhwDhW4gSrUgcAjPMMrvBlPxovxbnzMWpeMbOYA/sD4/AE/iJQQ</latexit><latexit sha1_base64="zMz9jRkBpF3TnTwFNDalsqxc5m4=">AAACA3icbVDLSgMxFL3js9bXqDvdBItQoQwzRdCNUHTjSir2Be0wZNJMG5p5kGSEUgpu/BU3LhRx60+4829M21lo64FLDufcy809fsKZVLb9bSwtr6yurec28ptb2zu75t5+Q8apILROYh6Llo8l5SyidcUUp61EUBz6nDb9wfXEbz5QIVkc1dQwoW6IexELGMFKS555WEOXqFa8LzVKt56jq1yyLEu/4tQzC7ZlT4EWiZORAmSoeuZXpxuTNKSRIhxL2XbsRLkjLBQjnI7znVTSBJMB7tG2phEOqXRH0xvG6EQrXRTEQlek0FT9PTHCoZTD0NedIVZ9Oe9NxP+8dqqCC3fEoiRVNCKzRUHKkYrRJBDUZYISxYeaYCKY/isifSwwUTq2vA7BmT95kTTKlmNbzt1ZoXKVxZGDIziGIjhwDhW4gSrUgcAjPMMrvBlPxovxbnzMWpeMbOYA/sD4/AE/iJQQ</latexit><latexit sha1_base64="zMz9jRkBpF3TnTwFNDalsqxc5m4=">AAACA3icbVDLSgMxFL3js9bXqDvdBItQoQwzRdCNUHTjSir2Be0wZNJMG5p5kGSEUgpu/BU3LhRx60+4829M21lo64FLDufcy809fsKZVLb9bSwtr6yurec28ptb2zu75t5+Q8apILROYh6Llo8l5SyidcUUp61EUBz6nDb9wfXEbz5QIVkc1dQwoW6IexELGMFKS555WEOXqFa8LzVKt56jq1yyLEu/4tQzC7ZlT4EWiZORAmSoeuZXpxuTNKSRIhxL2XbsRLkjLBQjnI7znVTSBJMB7tG2phEOqXRH0xvG6EQrXRTEQlek0FT9PTHCoZTD0NedIVZ9Oe9NxP+8dqqCC3fEoiRVNCKzRUHKkYrRJBDUZYISxYeaYCKY/isifSwwUTq2vA7BmT95kTTKlmNbzt1ZoXKVxZGDIziGIjhwDhW4gSrUgcAjPMMrvBlPxovxbnzMWpeMbOYA/sD4/AE/iJQQ</latexit><latexit sha1_base64="zMz9jRkBpF3TnTwFNDalsqxc5m4=">AAACA3icbVDLSgMxFL3js9bXqDvdBItQoQwzRdCNUHTjSir2Be0wZNJMG5p5kGSEUgpu/BU3LhRx60+4829M21lo64FLDufcy809fsKZVLb9bSwtr6yurec28ptb2zu75t5+Q8apILROYh6Llo8l5SyidcUUp61EUBz6nDb9wfXEbz5QIVkc1dQwoW6IexELGMFKS555WEOXqFa8LzVKt56jq1yyLEu/4tQzC7ZlT4EWiZORAmSoeuZXpxuTNKSRIhxL2XbsRLkjLBQjnI7znVTSBJMB7tG2phEOqXRH0xvG6EQrXRTEQlek0FT9PTHCoZTD0NedIVZ9Oe9NxP+8dqqCC3fEoiRVNCKzRUHKkYrRJBDUZYISxYeaYCKY/isifSwwUTq2vA7BmT95kTTKlmNbzt1ZoXKVxZGDIziGIjhwDhW4gSrUgcAjPMMrvBlPxovxbnzMWpeMbOYA/sD4/AE/iJQQ</latexit>

P = P (S, V,N1, N2, ..., Nr)
<latexit sha1_base64="GqkX0y2lsU5Ca/gmP9dg22GArkQ=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahQglJEXQjFN24koj2AW0Ik+mkHTqZhJmJUELBjb/ixoUibv0Jd/6N0zYLbT1wmcM593LnniBhVCrb/jYKS8srq2vF9dLG5tb2jrm715RxKjBp4JjFoh0gSRjlpKGoYqSdCIKigJFWMLya+K0HIiSN+b0aJcSLUJ/TkGKktOSbBy68gG7lrtqs3viOrlrVsiz9ihPfLNuWPQVcJE5OyiCH65tf3V6M04hwhRmSsuPYifIyJBTFjIxL3VSSBOEh6pOOphxFRHrZ9IYxPNZKD4ax0MUVnKq/JzIUSTmKAt0ZITWQ895E/M/rpCo89zLKk1QRjmeLwpRBFcNJILBHBcGKjTRBWFD9V4gHSCCsdGwlHYIzf/IiadYsx7ac29Ny/TKPowgOwRGoAAecgTq4Bi5oAAwewTN4BW/Gk/FivBsfs9aCkc/sgz8wPn8AMrCUCA==</latexit><latexit sha1_base64="GqkX0y2lsU5Ca/gmP9dg22GArkQ=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahQglJEXQjFN24koj2AW0Ik+mkHTqZhJmJUELBjb/ixoUibv0Jd/6N0zYLbT1wmcM593LnniBhVCrb/jYKS8srq2vF9dLG5tb2jrm715RxKjBp4JjFoh0gSRjlpKGoYqSdCIKigJFWMLya+K0HIiSN+b0aJcSLUJ/TkGKktOSbBy68gG7lrtqs3viOrlrVsiz9ihPfLNuWPQVcJE5OyiCH65tf3V6M04hwhRmSsuPYifIyJBTFjIxL3VSSBOEh6pOOphxFRHrZ9IYxPNZKD4ax0MUVnKq/JzIUSTmKAt0ZITWQ895E/M/rpCo89zLKk1QRjmeLwpRBFcNJILBHBcGKjTRBWFD9V4gHSCCsdGwlHYIzf/IiadYsx7ac29Ny/TKPowgOwRGoAAecgTq4Bi5oAAwewTN4BW/Gk/FivBsfs9aCkc/sgz8wPn8AMrCUCA==</latexit><latexit sha1_base64="GqkX0y2lsU5Ca/gmP9dg22GArkQ=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahQglJEXQjFN24koj2AW0Ik+mkHTqZhJmJUELBjb/ixoUibv0Jd/6N0zYLbT1wmcM593LnniBhVCrb/jYKS8srq2vF9dLG5tb2jrm715RxKjBp4JjFoh0gSRjlpKGoYqSdCIKigJFWMLya+K0HIiSN+b0aJcSLUJ/TkGKktOSbBy68gG7lrtqs3viOrlrVsiz9ihPfLNuWPQVcJE5OyiCH65tf3V6M04hwhRmSsuPYifIyJBTFjIxL3VSSBOEh6pOOphxFRHrZ9IYxPNZKD4ax0MUVnKq/JzIUSTmKAt0ZITWQ895E/M/rpCo89zLKk1QRjmeLwpRBFcNJILBHBcGKjTRBWFD9V4gHSCCsdGwlHYIzf/IiadYsx7ac29Ny/TKPowgOwRGoAAecgTq4Bi5oAAwewTN4BW/Gk/FivBsfs9aCkc/sgz8wPn8AMrCUCA==</latexit><latexit sha1_base64="GqkX0y2lsU5Ca/gmP9dg22GArkQ=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahQglJEXQjFN24koj2AW0Ik+mkHTqZhJmJUELBjb/ixoUibv0Jd/6N0zYLbT1wmcM593LnniBhVCrb/jYKS8srq2vF9dLG5tb2jrm715RxKjBp4JjFoh0gSRjlpKGoYqSdCIKigJFWMLya+K0HIiSN+b0aJcSLUJ/TkGKktOSbBy68gG7lrtqs3viOrlrVsiz9ihPfLNuWPQVcJE5OyiCH65tf3V6M04hwhRmSsuPYifIyJBTFjIxL3VSSBOEh6pOOphxFRHrZ9IYxPNZKD4ax0MUVnKq/JzIUSTmKAt0ZITWQ895E/M/rpCo89zLKk1QRjmeLwpRBFcNJILBHBcGKjTRBWFD9V4gHSCCsdGwlHYIzf/IiadYsx7ac29Ny/TKPowgOwRGoAAecgTq4Bi5oAAwewTN4BW/Gk/FivBsfs9aCkc/sgz8wPn8AMrCUCA==</latexit>

µj = µj(S, V,N1, N2, ..., Nr)
<latexit sha1_base64="xsAcxg+iTyf+wcxhFJZklVaa6zo=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqlJAUQTdC0Y0rqWgf0IYwmU7asZNJmJkIJXTvxl9x40IRt/6AO//GaZqFth643MM59zJzjx8zKpVtfxtLyyura+uFjeLm1vbOrrm335JRIjBp4ohFouMjSRjlpKmoYqQTC4JCn5G2P7qc+u0HIiSN+J0ax8QN0YDTgGKktOSZpV6YePfwHGa9clttVa89R1etalmW7uLYM8u2ZWeAi8TJSRnkaHjmV68f4SQkXGGGpOw6dqzcFAlFMSOTYi+RJEZ4hAakqylHIZFumt0ygUda6cMgErq4gpn6eyNFoZTj0NeTIVJDOe9Nxf+8bqKCMzelPE4U4Xj2UJAwqCI4DQb2qSBYsbEmCAuq/wrxEAmElY6vqENw5k9eJK2a5diWc3NSrl/kcRTAISiBCnDAKaiDK9AATYDBI3gGr+DNeDJejHfjYza6ZOQ7B+APjM8f8JSXxg==</latexit><latexit sha1_base64="xsAcxg+iTyf+wcxhFJZklVaa6zo=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqlJAUQTdC0Y0rqWgf0IYwmU7asZNJmJkIJXTvxl9x40IRt/6AO//GaZqFth643MM59zJzjx8zKpVtfxtLyyura+uFjeLm1vbOrrm335JRIjBp4ohFouMjSRjlpKmoYqQTC4JCn5G2P7qc+u0HIiSN+J0ax8QN0YDTgGKktOSZpV6YePfwHGa9clttVa89R1etalmW7uLYM8u2ZWeAi8TJSRnkaHjmV68f4SQkXGGGpOw6dqzcFAlFMSOTYi+RJEZ4hAakqylHIZFumt0ygUda6cMgErq4gpn6eyNFoZTj0NeTIVJDOe9Nxf+8bqKCMzelPE4U4Xj2UJAwqCI4DQb2qSBYsbEmCAuq/wrxEAmElY6vqENw5k9eJK2a5diWc3NSrl/kcRTAISiBCnDAKaiDK9AATYDBI3gGr+DNeDJejHfjYza6ZOQ7B+APjM8f8JSXxg==</latexit><latexit sha1_base64="xsAcxg+iTyf+wcxhFJZklVaa6zo=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqlJAUQTdC0Y0rqWgf0IYwmU7asZNJmJkIJXTvxl9x40IRt/6AO//GaZqFth643MM59zJzjx8zKpVtfxtLyyura+uFjeLm1vbOrrm335JRIjBp4ohFouMjSRjlpKmoYqQTC4JCn5G2P7qc+u0HIiSN+J0ax8QN0YDTgGKktOSZpV6YePfwHGa9clttVa89R1etalmW7uLYM8u2ZWeAi8TJSRnkaHjmV68f4SQkXGGGpOw6dqzcFAlFMSOTYi+RJEZ4hAakqylHIZFumt0ygUda6cMgErq4gpn6eyNFoZTj0NeTIVJDOe9Nxf+8bqKCMzelPE4U4Xj2UJAwqCI4DQb2qSBYsbEmCAuq/wrxEAmElY6vqENw5k9eJK2a5diWc3NSrl/kcRTAISiBCnDAKaiDK9AATYDBI3gGr+DNeDJejHfjYza6ZOQ7B+APjM8f8JSXxg==</latexit><latexit sha1_base64="xsAcxg+iTyf+wcxhFJZklVaa6zo=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqlJAUQTdC0Y0rqWgf0IYwmU7asZNJmJkIJXTvxl9x40IRt/6AO//GaZqFth643MM59zJzjx8zKpVtfxtLyyura+uFjeLm1vbOrrm335JRIjBp4ohFouMjSRjlpKmoYqQTC4JCn5G2P7qc+u0HIiSN+J0ax8QN0YDTgGKktOSZpV6YePfwHGa9clttVa89R1etalmW7uLYM8u2ZWeAi8TJSRnkaHjmV68f4SQkXGGGpOw6dqzcFAlFMSOTYi+RJEZ4hAakqylHIZFumt0ygUda6cMgErq4gpn6eyNFoZTj0NeTIVJDOe9Nxf+8bqKCMzelPE4U4Xj2UJAwqCI4DQb2qSBYsbEmCAuq/wrxEAmElY6vqENw5k9eJK2a5diWc3NSrl/kcRTAISiBCnDAKaiDK9AATYDBI3gGr+DNeDJejHfjYza6ZOQ7B+APjM8f8JSXxg==</latexit>

The definition of the intensive variables imply that

Such relationships, expressing intensive parameters as functions of the independent 
extensive parameters are called equations of state.



Basic Formalism
Equations of state

The fact that U is homogenous first order functions of the extensive parameters means that

Thus, temperature (pressure) of a portion of a system is the same as the temperature of 
the whole system. 

T (�S,�V,�N1, ...,�Nr) = T (S, V,N1, ..., Nr)
<latexit sha1_base64="1kX8c9Rq4p+m/ZJhjxCYHKlJQBA=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARKoSQiKAboehGEKTSK7QhTCbTduhkEmYmQil9KDc+iBsRXCji1mdw0lasrQcGPv7/HM6c348Zlcq2X4zM0vLK6lp2PbexubW9k9/dq8soEZjUcMQi0fSRJIxyUlNUMdKMBUGhz0jD71+lfuOeCEkjXlWDmLgh6nLaoRgpLXn5m2qxzXR7gGDFhD9Y/8VbzzGhZVmzijiGF7BarJh1M7VTNxW9fMG27HHBRXCmUADTKnv5p3YQ4SQkXGGGpGw5dqzcIRKKYkZGuXYiSYxwH3VJSyNHIZHucHz0CB5pJYCdSOjHFRyrsxNDFEo5CH3dGSLVk/NeKv7ntRLVOXeHlMeJIhxPFnUSBlUE0wRhQAXBig00ICyo/ivEPSQQVjrnnA7BmT95EeonlmNbzt1poXQ5jSMLDsAhKAIHnIESuAZlUAMYPIBn8AbejUfj1fgwPietGWM6sw/+lPH1DUegpRQ=</latexit><latexit sha1_base64="1kX8c9Rq4p+m/ZJhjxCYHKlJQBA=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARKoSQiKAboehGEKTSK7QhTCbTduhkEmYmQil9KDc+iBsRXCji1mdw0lasrQcGPv7/HM6c348Zlcq2X4zM0vLK6lp2PbexubW9k9/dq8soEZjUcMQi0fSRJIxyUlNUMdKMBUGhz0jD71+lfuOeCEkjXlWDmLgh6nLaoRgpLXn5m2qxzXR7gGDFhD9Y/8VbzzGhZVmzijiGF7BarJh1M7VTNxW9fMG27HHBRXCmUADTKnv5p3YQ4SQkXGGGpGw5dqzcIRKKYkZGuXYiSYxwH3VJSyNHIZHucHz0CB5pJYCdSOjHFRyrsxNDFEo5CH3dGSLVk/NeKv7ntRLVOXeHlMeJIhxPFnUSBlUE0wRhQAXBig00ICyo/ivEPSQQVjrnnA7BmT95EeonlmNbzt1poXQ5jSMLDsAhKAIHnIESuAZlUAMYPIBn8AbejUfj1fgwPietGWM6sw/+lPH1DUegpRQ=</latexit><latexit sha1_base64="1kX8c9Rq4p+m/ZJhjxCYHKlJQBA=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARKoSQiKAboehGEKTSK7QhTCbTduhkEmYmQil9KDc+iBsRXCji1mdw0lasrQcGPv7/HM6c348Zlcq2X4zM0vLK6lp2PbexubW9k9/dq8soEZjUcMQi0fSRJIxyUlNUMdKMBUGhz0jD71+lfuOeCEkjXlWDmLgh6nLaoRgpLXn5m2qxzXR7gGDFhD9Y/8VbzzGhZVmzijiGF7BarJh1M7VTNxW9fMG27HHBRXCmUADTKnv5p3YQ4SQkXGGGpGw5dqzcIRKKYkZGuXYiSYxwH3VJSyNHIZHucHz0CB5pJYCdSOjHFRyrsxNDFEo5CH3dGSLVk/NeKv7ntRLVOXeHlMeJIhxPFnUSBlUE0wRhQAXBig00ICyo/ivEPSQQVjrnnA7BmT95EeonlmNbzt1poXQ5jSMLDsAhKAIHnIESuAZlUAMYPIBn8AbejUfj1fgwPietGWM6sw/+lPH1DUegpRQ=</latexit><latexit sha1_base64="1kX8c9Rq4p+m/ZJhjxCYHKlJQBA=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARKoSQiKAboehGEKTSK7QhTCbTduhkEmYmQil9KDc+iBsRXCji1mdw0lasrQcGPv7/HM6c348Zlcq2X4zM0vLK6lp2PbexubW9k9/dq8soEZjUcMQi0fSRJIxyUlNUMdKMBUGhz0jD71+lfuOeCEkjXlWDmLgh6nLaoRgpLXn5m2qxzXR7gGDFhD9Y/8VbzzGhZVmzijiGF7BarJh1M7VTNxW9fMG27HHBRXCmUADTKnv5p3YQ4SQkXGGGpGw5dqzcIRKKYkZGuXYiSYxwH3VJSyNHIZHucHz0CB5pJYCdSOjHFRyrsxNDFEo5CH3dGSLVk/NeKv7ntRLVOXeHlMeJIhxPFnUSBlUE0wRhQAXBig00ICyo/ivEPSQQVjrnnA7BmT95EeonlmNbzt1poXQ5jSMLDsAhKAIHnIESuAZlUAMYPIBn8AbejUfj1fgwPietGWM6sw/+lPH1DUegpRQ=</latexit>

i.e. T is homogenous zero order function of extensive parameters. 

Similarly for P  and      .µj

<latexit sha1_base64="DalNytJ31A6O3doAodCCALVGYw0=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48R3CSQLGF2MpuMmccyMyuEJd/gxYMiXv0gb/6Nk2QPmljQUFR1090Vp5wZ6/vfXmltfWNzq7xd2dnd2z+oHh61jMo0oSFRXOlOjA3lTNLQMstpJ9UUi5jTdjy+nfntJ6oNU/LBTlIaCTyULGEEWyeFPZH1H/vVml/350CrJChIDQo0+9Wv3kCRTFBpCcfGdAM/tVGOtWWE02mllxmaYjLGQ9p1VGJBTZTPj52iM6cMUKK0K2nRXP09kWNhzETErlNgOzLL3kz8z+tmNrmOcibTzFJJFouSjCOr0OxzNGCaEssnjmCimbsVkRHWmFiXT8WFECy/vEpaF/XArwf3l7XGTRFHGU7gFM4hgCtowB00IQQCDJ7hFd486b14797HorXkFTPH8Afe5w/avo6z</latexit><latexit sha1_base64="DalNytJ31A6O3doAodCCALVGYw0=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48R3CSQLGF2MpuMmccyMyuEJd/gxYMiXv0gb/6Nk2QPmljQUFR1090Vp5wZ6/vfXmltfWNzq7xd2dnd2z+oHh61jMo0oSFRXOlOjA3lTNLQMstpJ9UUi5jTdjy+nfntJ6oNU/LBTlIaCTyULGEEWyeFPZH1H/vVml/350CrJChIDQo0+9Wv3kCRTFBpCcfGdAM/tVGOtWWE02mllxmaYjLGQ9p1VGJBTZTPj52iM6cMUKK0K2nRXP09kWNhzETErlNgOzLL3kz8z+tmNrmOcibTzFJJFouSjCOr0OxzNGCaEssnjmCimbsVkRHWmFiXT8WFECy/vEpaF/XArwf3l7XGTRFHGU7gFM4hgCtowB00IQQCDJ7hFd486b14797HorXkFTPH8Afe5w/avo6z</latexit><latexit sha1_base64="DalNytJ31A6O3doAodCCALVGYw0=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48R3CSQLGF2MpuMmccyMyuEJd/gxYMiXv0gb/6Nk2QPmljQUFR1090Vp5wZ6/vfXmltfWNzq7xd2dnd2z+oHh61jMo0oSFRXOlOjA3lTNLQMstpJ9UUi5jTdjy+nfntJ6oNU/LBTlIaCTyULGEEWyeFPZH1H/vVml/350CrJChIDQo0+9Wv3kCRTFBpCcfGdAM/tVGOtWWE02mllxmaYjLGQ9p1VGJBTZTPj52iM6cMUKK0K2nRXP09kWNhzETErlNgOzLL3kz8z+tmNrmOcibTzFJJFouSjCOr0OxzNGCaEssnjmCimbsVkRHWmFiXT8WFECy/vEpaF/XArwf3l7XGTRFHGU7gFM4hgCtowB00IQQCDJ7hFd486b14797HorXkFTPH8Afe5w/avo6z</latexit><latexit sha1_base64="DalNytJ31A6O3doAodCCALVGYw0=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48R3CSQLGF2MpuMmccyMyuEJd/gxYMiXv0gb/6Nk2QPmljQUFR1090Vp5wZ6/vfXmltfWNzq7xd2dnd2z+oHh61jMo0oSFRXOlOjA3lTNLQMstpJ9UUi5jTdjy+nfntJ6oNU/LBTlIaCTyULGEEWyeFPZH1H/vVml/350CrJChIDQo0+9Wv3kCRTFBpCcfGdAM/tVGOtWWE02mllxmaYjLGQ9p1VGJBTZTPj52iM6cMUKK0K2nRXP09kWNhzETErlNgOzLL3kz8z+tmNrmOcibTzFJJFouSjCOr0OxzNGCaEssnjmCimbsVkRHWmFiXT8WFECy/vEpaF/XArwf3l7XGTRFHGU7gFM4hgCtowB00IQQCDJ7hFd486b14797HorXkFTPH8Afe5w/avo6z</latexit>



Basic Formalism
Exercise

Find the three equations state for a system with the fundamental equation
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<latexit sha1_base64="R+TnIWMS+a30QfNDB3DFpdj0CsA=">AAACH3icbVDJSgNBEO2JW4xb1KOXxiDES5iJol4E0YsniUuikElCT6cmadKz0F0jhGH+xIu/4sWDIuLNv7GzHNweFDzeq6KqnhdLodG2P63czOzc/EJ+sbC0vLK6VlzfaOgoURzqPJKRuvOYBilCqKNACXexAhZ4Em69wdnIv70HpUUU3uAwhlbAeqHwBWdopE7xoE6PqSvBx7LrK8bT+45NXewDsiy9alczV4leH3fpxL1u72XpRSPrFEt2xR6D/iXOlJTIFLVO8cPtRjwJIEQumdZNx46xlTKFgkvICm6iIWZ8wHrQNDRkAehWOv4voztG6VI/UqZCpGP1+0TKAq2HgWc6A4Z9/dsbif95zQT9o1YqwjhBCPlkkZ9IihEdhUW7QgFHOTSEcSXMrZT3mQkCTaQFE4Lz++W/pFGtOHbFudwvnZxO48iTLbJNysQhh+SEnJMaqRNOHsgTeSGv1qP1bL1Z75PWnDWd2SQ/YH1+AQDsolw=</latexit><latexit sha1_base64="R+TnIWMS+a30QfNDB3DFpdj0CsA=">AAACH3icbVDJSgNBEO2JW4xb1KOXxiDES5iJol4E0YsniUuikElCT6cmadKz0F0jhGH+xIu/4sWDIuLNv7GzHNweFDzeq6KqnhdLodG2P63czOzc/EJ+sbC0vLK6VlzfaOgoURzqPJKRuvOYBilCqKNACXexAhZ4Em69wdnIv70HpUUU3uAwhlbAeqHwBWdopE7xoE6PqSvBx7LrK8bT+45NXewDsiy9alczV4leH3fpxL1u72XpRSPrFEt2xR6D/iXOlJTIFLVO8cPtRjwJIEQumdZNx46xlTKFgkvICm6iIWZ8wHrQNDRkAehWOv4voztG6VI/UqZCpGP1+0TKAq2HgWc6A4Z9/dsbif95zQT9o1YqwjhBCPlkkZ9IihEdhUW7QgFHOTSEcSXMrZT3mQkCTaQFE4Lz++W/pFGtOHbFudwvnZxO48iTLbJNysQhh+SEnJMaqRNOHsgTeSGv1qP1bL1Z75PWnDWd2SQ/YH1+AQDsolw=</latexit><latexit sha1_base64="R+TnIWMS+a30QfNDB3DFpdj0CsA=">AAACH3icbVDJSgNBEO2JW4xb1KOXxiDES5iJol4E0YsniUuikElCT6cmadKz0F0jhGH+xIu/4sWDIuLNv7GzHNweFDzeq6KqnhdLodG2P63czOzc/EJ+sbC0vLK6VlzfaOgoURzqPJKRuvOYBilCqKNACXexAhZ4Em69wdnIv70HpUUU3uAwhlbAeqHwBWdopE7xoE6PqSvBx7LrK8bT+45NXewDsiy9alczV4leH3fpxL1u72XpRSPrFEt2xR6D/iXOlJTIFLVO8cPtRjwJIEQumdZNx46xlTKFgkvICm6iIWZ8wHrQNDRkAehWOv4voztG6VI/UqZCpGP1+0TKAq2HgWc6A4Z9/dsbif95zQT9o1YqwjhBCPlkkZ9IihEdhUW7QgFHOTSEcSXMrZT3mQkCTaQFE4Lz++W/pFGtOHbFudwvnZxO48iTLbJNysQhh+SEnJMaqRNOHsgTeSGv1qP1bL1Z75PWnDWd2SQ/YH1+AQDsolw=</latexit><latexit sha1_base64="R+TnIWMS+a30QfNDB3DFpdj0CsA=">AAACH3icbVDJSgNBEO2JW4xb1KOXxiDES5iJol4E0YsniUuikElCT6cmadKz0F0jhGH+xIu/4sWDIuLNv7GzHNweFDzeq6KqnhdLodG2P63czOzc/EJ+sbC0vLK6VlzfaOgoURzqPJKRuvOYBilCqKNACXexAhZ4Em69wdnIv70HpUUU3uAwhlbAeqHwBWdopE7xoE6PqSvBx7LrK8bT+45NXewDsiy9alczV4leH3fpxL1u72XpRSPrFEt2xR6D/iXOlJTIFLVO8cPtRjwJIEQumdZNx46xlTKFgkvICm6iIWZ8wHrQNDRkAehWOv4voztG6VI/UqZCpGP1+0TKAq2HgWc6A4Z9/dsbif95zQT9o1YqwjhBCPlkkZ9IihEdhUW7QgFHOTSEcSXMrZT3mQkCTaQFE4Lz++W/pFGtOHbFudwvnZxO48iTLbJNysQhh+SEnJMaqRNOHsgTeSGv1qP1bL1Z75PWnDWd2SQ/YH1+AQDsolw=</latexit>
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<latexit sha1_base64="mcQCrIC5lXMXIub5yOcpXdKYvSs=">AAACIXicbVDJSgNBEO1xjXGLevTSGAS9hBkV9CIEvXiSqNkgE0NPpyZp7FnorgmEYX7Fi7/ixYMiuYk/Y2c5uD0oeLxXRVU9L5ZCo21/WHPzC4tLy7mV/Ora+sZmYWu7rqNEcajxSEaq6TENUoRQQ4ESmrECFngSGt7D5dhvDEBpEYVVHMbQDlgvFL7gDI3UKZxV6Tl1Jfh44PqK8fSYDjo2dbEPyLL09v4oc5Xo9fGQTv07o6TX9axTKNolewL6lzgzUiQzVDqFkduNeBJAiFwyrVuOHWM7ZQoFl5Dl3URDzPgD60HL0JAFoNvp5MOM7hulS/1ImQqRTtTvEykLtB4GnukMGPb1b28s/ue1EvTP2qkI4wQh5NNFfiIpRnQcF+0KBRzl0BDGlTC3Ut5nJgg0oeZNCM7vl/+S+lHJsUvOzUmxfDGLI0d2yR45IA45JWVyRSqkRjh5JM/klbxZT9aL9W6Npq1z1mxmh/yA9fkF3b2iwQ==</latexit><latexit sha1_base64="mcQCrIC5lXMXIub5yOcpXdKYvSs=">AAACIXicbVDJSgNBEO1xjXGLevTSGAS9hBkV9CIEvXiSqNkgE0NPpyZp7FnorgmEYX7Fi7/ixYMiuYk/Y2c5uD0oeLxXRVU9L5ZCo21/WHPzC4tLy7mV/Ora+sZmYWu7rqNEcajxSEaq6TENUoRQQ4ESmrECFngSGt7D5dhvDEBpEYVVHMbQDlgvFL7gDI3UKZxV6Tl1Jfh44PqK8fSYDjo2dbEPyLL09v4oc5Xo9fGQTv07o6TX9axTKNolewL6lzgzUiQzVDqFkduNeBJAiFwyrVuOHWM7ZQoFl5Dl3URDzPgD60HL0JAFoNvp5MOM7hulS/1ImQqRTtTvEykLtB4GnukMGPb1b28s/ue1EvTP2qkI4wQh5NNFfiIpRnQcF+0KBRzl0BDGlTC3Ut5nJgg0oeZNCM7vl/+S+lHJsUvOzUmxfDGLI0d2yR45IA45JWVyRSqkRjh5JM/klbxZT9aL9W6Npq1z1mxmh/yA9fkF3b2iwQ==</latexit><latexit sha1_base64="mcQCrIC5lXMXIub5yOcpXdKYvSs=">AAACIXicbVDJSgNBEO1xjXGLevTSGAS9hBkV9CIEvXiSqNkgE0NPpyZp7FnorgmEYX7Fi7/ixYMiuYk/Y2c5uD0oeLxXRVU9L5ZCo21/WHPzC4tLy7mV/Ora+sZmYWu7rqNEcajxSEaq6TENUoRQQ4ESmrECFngSGt7D5dhvDEBpEYVVHMbQDlgvFL7gDI3UKZxV6Tl1Jfh44PqK8fSYDjo2dbEPyLL09v4oc5Xo9fGQTv07o6TX9axTKNolewL6lzgzUiQzVDqFkduNeBJAiFwyrVuOHWM7ZQoFl5Dl3URDzPgD60HL0JAFoNvp5MOM7hulS/1ImQqRTtTvEykLtB4GnukMGPb1b28s/ue1EvTP2qkI4wQh5NNFfiIpRnQcF+0KBRzl0BDGlTC3Ut5nJgg0oeZNCM7vl/+S+lHJsUvOzUmxfDGLI0d2yR45IA45JWVyRSqkRjh5JM/klbxZT9aL9W6Npq1z1mxmh/yA9fkF3b2iwQ==</latexit><latexit sha1_base64="mcQCrIC5lXMXIub5yOcpXdKYvSs=">AAACIXicbVDJSgNBEO1xjXGLevTSGAS9hBkV9CIEvXiSqNkgE0NPpyZp7FnorgmEYX7Fi7/ixYMiuYk/Y2c5uD0oeLxXRVU9L5ZCo21/WHPzC4tLy7mV/Ora+sZmYWu7rqNEcajxSEaq6TENUoRQQ4ESmrECFngSGt7D5dhvDEBpEYVVHMbQDlgvFL7gDI3UKZxV6Tl1Jfh44PqK8fSYDjo2dbEPyLL09v4oc5Xo9fGQTv07o6TX9axTKNolewL6lzgzUiQzVDqFkduNeBJAiFwyrVuOHWM7ZQoFl5Dl3URDzPgD60HL0JAFoNvp5MOM7hulS/1ImQqRTtTvEykLtB4GnukMGPb1b28s/ue1EvTP2qkI4wQh5NNFfiIpRnQcF+0KBRzl0BDGlTC3Ut5nJgg0oeZNCM7vl/+S+lHJsUvOzUmxfDGLI0d2yR45IA45JWVyRSqkRjh5JM/klbxZT9aL9W6Npq1z1mxmh/yA9fkF3b2iwQ==</latexit>
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<latexit sha1_base64="soDlkkQIMWpFbP+FOlpUAUCNhiQ=">AAACIXicbVDJSgNBEO1xjXGLevTSGIR4CTNR0IsQ9OJJ4pIoZJLQ06lJmvQsdNcIYZhf8eKvePGgiDfxZ+wsBzU+KHi8V0VVPS+WQqNtf1pz8wuLS8u5lfzq2vrGZmFru6GjRHGo80hG6t5jGqQIoY4CJdzHCljgSbjzBucj/+4BlBZReIvDGFoB64XCF5yhkTqFkxo9pa4EH0uurxhPHzo2dbEPyLL0ul3JXCV6fTygE/emfZillw2jdwpFu2yPQWeJMyVFMkWtU/hwuxFPAgiRS6Z107FjbKVMoeASsrybaIgZH7AeNA0NWQC6lY4/zOi+UbrUj5SpEOlY/TmRskDrYeCZzoBhX//1RuJ/XjNB/6SVijBOEEI+WeQnkmJER3HRrlDAUQ4NYVwJcyvlfWaiQBNq3oTg/H15ljQqZccuO1dHxerZNI4c2SV7pEQcckyq5ILUSJ1w8kieySt5s56sF+vd+pi0zlnTmR3yC9bXN0SOovs=</latexit><latexit sha1_base64="soDlkkQIMWpFbP+FOlpUAUCNhiQ=">AAACIXicbVDJSgNBEO1xjXGLevTSGIR4CTNR0IsQ9OJJ4pIoZJLQ06lJmvQsdNcIYZhf8eKvePGgiDfxZ+wsBzU+KHi8V0VVPS+WQqNtf1pz8wuLS8u5lfzq2vrGZmFru6GjRHGo80hG6t5jGqQIoY4CJdzHCljgSbjzBucj/+4BlBZReIvDGFoB64XCF5yhkTqFkxo9pa4EH0uurxhPHzo2dbEPyLL0ul3JXCV6fTygE/emfZillw2jdwpFu2yPQWeJMyVFMkWtU/hwuxFPAgiRS6Z107FjbKVMoeASsrybaIgZH7AeNA0NWQC6lY4/zOi+UbrUj5SpEOlY/TmRskDrYeCZzoBhX//1RuJ/XjNB/6SVijBOEEI+WeQnkmJER3HRrlDAUQ4NYVwJcyvlfWaiQBNq3oTg/H15ljQqZccuO1dHxerZNI4c2SV7pEQcckyq5ILUSJ1w8kieySt5s56sF+vd+pi0zlnTmR3yC9bXN0SOovs=</latexit><latexit sha1_base64="soDlkkQIMWpFbP+FOlpUAUCNhiQ=">AAACIXicbVDJSgNBEO1xjXGLevTSGIR4CTNR0IsQ9OJJ4pIoZJLQ06lJmvQsdNcIYZhf8eKvePGgiDfxZ+wsBzU+KHi8V0VVPS+WQqNtf1pz8wuLS8u5lfzq2vrGZmFru6GjRHGo80hG6t5jGqQIoY4CJdzHCljgSbjzBucj/+4BlBZReIvDGFoB64XCF5yhkTqFkxo9pa4EH0uurxhPHzo2dbEPyLL0ul3JXCV6fTygE/emfZillw2jdwpFu2yPQWeJMyVFMkWtU/hwuxFPAgiRS6Z107FjbKVMoeASsrybaIgZH7AeNA0NWQC6lY4/zOi+UbrUj5SpEOlY/TmRskDrYeCZzoBhX//1RuJ/XjNB/6SVijBOEEI+WeQnkmJER3HRrlDAUQ4NYVwJcyvlfWaiQBNq3oTg/H15ljQqZccuO1dHxerZNI4c2SV7pEQcckyq5ILUSJ1w8kieySt5s56sF+vd+pi0zlnTmR3yC9bXN0SOovs=</latexit><latexit sha1_base64="soDlkkQIMWpFbP+FOlpUAUCNhiQ=">AAACIXicbVDJSgNBEO1xjXGLevTSGIR4CTNR0IsQ9OJJ4pIoZJLQ06lJmvQsdNcIYZhf8eKvePGgiDfxZ+wsBzU+KHi8V0VVPS+WQqNtf1pz8wuLS8u5lfzq2vrGZmFru6GjRHGo80hG6t5jGqQIoY4CJdzHCljgSbjzBucj/+4BlBZReIvDGFoB64XCF5yhkTqFkxo9pa4EH0uurxhPHzo2dbEPyLL0ul3JXCV6fTygE/emfZillw2jdwpFu2yPQWeJMyVFMkWtU/hwuxFPAgiRS6Z107FjbKVMoeASsrybaIgZH7AeNA0NWQC6lY4/zOi+UbrUj5SpEOlY/TmRskDrYeCZzoBhX//1RuJ/XjNB/6SVijBOEEI+WeQnkmJER3HRrlDAUQ4NYVwJcyvlfWaiQBNq3oTg/H15ljQqZccuO1dHxerZNI4c2SV7pEQcckyq5ILUSJ1w8kieySt5s56sF+vd+pi0zlnTmR3yC9bXN0SOovs=</latexit>

µ = �
✓
v0✓

R2

◆
S3

N2V
<latexit sha1_base64="xQg3oeyrVo8XNDiGgV6MKTtxzdE="></latexit><latexit sha1_base64="xQg3oeyrVo8XNDiGgV6MKTtxzdE="></latexit><latexit sha1_base64="xQg3oeyrVo8XNDiGgV6MKTtxzdE="></latexit><latexit sha1_base64="xQg3oeyrVo8XNDiGgV6MKTtxzdE="></latexit>



Basic Formalism
Conditions of Equilibrium (Thermal)

Consider a closed system with a rigid, adiabatic and impermeable partition 
separating two subsystems 1 and 2.

Partition is made diathermal. 
Under what conditions would 
no heat flow occur?

U = U (1) + U (2) =
<latexit sha1_base64="kgE+qA/Yk0jLGpeLKEyKHgqnkYw=">AAACAXicbZDLSsNAFIZP6q3WW9SN4GawCBWhJEXQTaHoxmUF0xbaWCbTSTt0cmFmIpRQN76KGxeKuPUt3Pk2TtMstPrDwMd/zuHM+b2YM6ks68soLC2vrK4V10sbm1vbO+buXktGiSDUIRGPRMfDknIWUkcxxWknFhQHHqdtb3w1q7fvqZAsCm/VJKZugIch8xnBSlt988BBdeTcpRX7ZIpOM6ppqqO+WbaqVib0F+wcypCr2Tc/e4OIJAENFeFYyq5txcpNsVCMcDot9RJJY0zGeEi7GkMcUOmm2QVTdKydAfIjoV+oUOb+nEhxIOUk8HRngNVILtZm5n+1bqL8CzdlYZwoGpL5Ij/hSEVoFgcaMEGJ4hMNmAim/4rICAtMlA6tpEOwF0/+C61a1baq9s1ZuXGZx1GEQziCCthwDg24hiY4QOABnuAFXo1H49l4M97nrQUjn9mHXzI+vgF7h5Ow</latexit><latexit sha1_base64="kgE+qA/Yk0jLGpeLKEyKHgqnkYw=">AAACAXicbZDLSsNAFIZP6q3WW9SN4GawCBWhJEXQTaHoxmUF0xbaWCbTSTt0cmFmIpRQN76KGxeKuPUt3Pk2TtMstPrDwMd/zuHM+b2YM6ks68soLC2vrK4V10sbm1vbO+buXktGiSDUIRGPRMfDknIWUkcxxWknFhQHHqdtb3w1q7fvqZAsCm/VJKZugIch8xnBSlt988BBdeTcpRX7ZIpOM6ppqqO+WbaqVib0F+wcypCr2Tc/e4OIJAENFeFYyq5txcpNsVCMcDot9RJJY0zGeEi7GkMcUOmm2QVTdKydAfIjoV+oUOb+nEhxIOUk8HRngNVILtZm5n+1bqL8CzdlYZwoGpL5Ij/hSEVoFgcaMEGJ4hMNmAim/4rICAtMlA6tpEOwF0/+C61a1baq9s1ZuXGZx1GEQziCCthwDg24hiY4QOABnuAFXo1H49l4M97nrQUjn9mHXzI+vgF7h5Ow</latexit><latexit sha1_base64="kgE+qA/Yk0jLGpeLKEyKHgqnkYw=">AAACAXicbZDLSsNAFIZP6q3WW9SN4GawCBWhJEXQTaHoxmUF0xbaWCbTSTt0cmFmIpRQN76KGxeKuPUt3Pk2TtMstPrDwMd/zuHM+b2YM6ks68soLC2vrK4V10sbm1vbO+buXktGiSDUIRGPRMfDknIWUkcxxWknFhQHHqdtb3w1q7fvqZAsCm/VJKZugIch8xnBSlt988BBdeTcpRX7ZIpOM6ppqqO+WbaqVib0F+wcypCr2Tc/e4OIJAENFeFYyq5txcpNsVCMcDot9RJJY0zGeEi7GkMcUOmm2QVTdKydAfIjoV+oUOb+nEhxIOUk8HRngNVILtZm5n+1bqL8CzdlYZwoGpL5Ij/hSEVoFgcaMEGJ4hMNmAim/4rICAtMlA6tpEOwF0/+C61a1baq9s1ZuXGZx1GEQziCCthwDg24hiY4QOABnuAFXo1H49l4M97nrQUjn9mHXzI+vgF7h5Ow</latexit><latexit sha1_base64="kgE+qA/Yk0jLGpeLKEyKHgqnkYw=">AAACAXicbZDLSsNAFIZP6q3WW9SN4GawCBWhJEXQTaHoxmUF0xbaWCbTSTt0cmFmIpRQN76KGxeKuPUt3Pk2TtMstPrDwMd/zuHM+b2YM6ks68soLC2vrK4V10sbm1vbO+buXktGiSDUIRGPRMfDknIWUkcxxWknFhQHHqdtb3w1q7fvqZAsCm/VJKZugIch8xnBSlt988BBdeTcpRX7ZIpOM6ppqqO+WbaqVib0F+wcypCr2Tc/e4OIJAENFeFYyq5txcpNsVCMcDot9RJJY0zGeEi7GkMcUOmm2QVTdKydAfIjoV+oUOb+nEhxIOUk8HRngNVILtZm5n+1bqL8CzdlYZwoGpL5Ij/hSEVoFgcaMEGJ4hMNmAim/4rICAtMlA6tpEOwF0/+C61a1baq9s1ZuXGZx1GEQziCCthwDg24hiY4QOABnuAFXo1H49l4M97nrQUjn9mHXzI+vgF7h5Ow</latexit>

Constant
N,V, N(i), V(i) are Constant
S = S(1) + S(2)

<latexit sha1_base64="hh+IXQ5sboG7fCdP9RFhMtkjzCU=">AAAB/nicbZDLSsNAFIZP6q3WW1RcuRksQotQkiLoRii6cVmpvUAby2Q6bYdOLsxMhBICvoobF4q49Tnc+TZO0yy09YeBj/+cwznzuyFnUlnWt5FbWV1b38hvFra2d3b3zP2DlgwiQWiTBDwQHRdLyplPm4opTjuhoNhzOW27k5tZvf1IhWSBf6+mIXU8PPLZkBGstNU3jxroCjUe4pJdTtBZStVy0jeLVsVKhZbBzqAImep986s3CEjkUV8RjqXs2laonBgLxQinSaEXSRpiMsEj2tXoY49KJ07PT9CpdgZoGAj9fIVS9/dEjD0pp56rOz2sxnKxNjP/q3UjNbx0YuaHkaI+mS8aRhypAM2yQAMmKFF8qgETwfStiIyxwETpxAo6BHvxy8vQqlZsq2LfnRdr11kceTiGEyiBDRdQg1uoQxMIxPAMr/BmPBkvxrvxMW/NGdnMIfyR8fkDM8yTDw==</latexit><latexit sha1_base64="hh+IXQ5sboG7fCdP9RFhMtkjzCU=">AAAB/nicbZDLSsNAFIZP6q3WW1RcuRksQotQkiLoRii6cVmpvUAby2Q6bYdOLsxMhBICvoobF4q49Tnc+TZO0yy09YeBj/+cwznzuyFnUlnWt5FbWV1b38hvFra2d3b3zP2DlgwiQWiTBDwQHRdLyplPm4opTjuhoNhzOW27k5tZvf1IhWSBf6+mIXU8PPLZkBGstNU3jxroCjUe4pJdTtBZStVy0jeLVsVKhZbBzqAImep986s3CEjkUV8RjqXs2laonBgLxQinSaEXSRpiMsEj2tXoY49KJ07PT9CpdgZoGAj9fIVS9/dEjD0pp56rOz2sxnKxNjP/q3UjNbx0YuaHkaI+mS8aRhypAM2yQAMmKFF8qgETwfStiIyxwETpxAo6BHvxy8vQqlZsq2LfnRdr11kceTiGEyiBDRdQg1uoQxMIxPAMr/BmPBkvxrvxMW/NGdnMIfyR8fkDM8yTDw==</latexit><latexit sha1_base64="hh+IXQ5sboG7fCdP9RFhMtkjzCU=">AAAB/nicbZDLSsNAFIZP6q3WW1RcuRksQotQkiLoRii6cVmpvUAby2Q6bYdOLsxMhBICvoobF4q49Tnc+TZO0yy09YeBj/+cwznzuyFnUlnWt5FbWV1b38hvFra2d3b3zP2DlgwiQWiTBDwQHRdLyplPm4opTjuhoNhzOW27k5tZvf1IhWSBf6+mIXU8PPLZkBGstNU3jxroCjUe4pJdTtBZStVy0jeLVsVKhZbBzqAImep986s3CEjkUV8RjqXs2laonBgLxQinSaEXSRpiMsEj2tXoY49KJ07PT9CpdgZoGAj9fIVS9/dEjD0pp56rOz2sxnKxNjP/q3UjNbx0YuaHkaI+mS8aRhypAM2yQAMmKFF8qgETwfStiIyxwETpxAo6BHvxy8vQqlZsq2LfnRdr11kceTiGEyiBDRdQg1uoQxMIxPAMr/BmPBkvxrvxMW/NGdnMIfyR8fkDM8yTDw==</latexit><latexit sha1_base64="hh+IXQ5sboG7fCdP9RFhMtkjzCU=">AAAB/nicbZDLSsNAFIZP6q3WW1RcuRksQotQkiLoRii6cVmpvUAby2Q6bYdOLsxMhBICvoobF4q49Tnc+TZO0yy09YeBj/+cwznzuyFnUlnWt5FbWV1b38hvFra2d3b3zP2DlgwiQWiTBDwQHRdLyplPm4opTjuhoNhzOW27k5tZvf1IhWSBf6+mIXU8PPLZkBGstNU3jxroCjUe4pJdTtBZStVy0jeLVsVKhZbBzqAImep986s3CEjkUV8RjqXs2laonBgLxQinSaEXSRpiMsEj2tXoY49KJ07PT9CpdgZoGAj9fIVS9/dEjD0pp56rOz2sxnKxNjP/q3UjNbx0YuaHkaI+mS8aRhypAM2yQAMmKFF8qgETwfStiIyxwETpxAo6BHvxy8vQqlZsq2LfnRdr11kceTiGEyiBDRdQg1uoQxMIxPAMr/BmPBkvxrvxMW/NGdnMIfyR8fkDM8yTDw==</latexit>

At equilibrium, an infinitesimal transfer of internal energy dU from system 2 to 1 

will not change the entropy of the system

dS = dS(1) + dS(2) = 0
<latexit sha1_base64="LxKftxtEfqyIe1WRLheAKbQg9AU=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFaBFKUgTdFIpuXFZqL9DGMplM2qGTSZiZCCUE3Pgqblwo4taXcOfbOG2z0NYfBj7+cw5nzu9GjEplWd9GbmV1bX0jv1nY2t7Z3TP3D9oyjAUmLRyyUHRdJAmjnLQUVYx0I0FQ4DLSccfX03rngQhJQ36nJhFxAjTk1KcYKW0NzCOvCWvQa94nJbucwrM5VstpzRqYRatizQSXwc6gCDI1BuZX3wtxHBCuMENS9mwrUk6ChKKYkbTQjyWJEB6jIelp5Cgg0klmN6TwVDse9EOhH1dw5v6eSFAg5SRwdWeA1Egu1qbmf7VerPxLJ6E8ihXheL7IjxlUIZwGAj0qCFZsogFhQfVfIR4hgbDSsRV0CPbiycvQrlZsq2LfnhfrV1kceXAMTkAJ2OAC1MENaIAWwOARPINX8GY8GS/Gu/Exb80Z2cwh+CPj8wd+d5Ta</latexit><latexit sha1_base64="LxKftxtEfqyIe1WRLheAKbQg9AU=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFaBFKUgTdFIpuXFZqL9DGMplM2qGTSZiZCCUE3Pgqblwo4taXcOfbOG2z0NYfBj7+cw5nzu9GjEplWd9GbmV1bX0jv1nY2t7Z3TP3D9oyjAUmLRyyUHRdJAmjnLQUVYx0I0FQ4DLSccfX03rngQhJQ36nJhFxAjTk1KcYKW0NzCOvCWvQa94nJbucwrM5VstpzRqYRatizQSXwc6gCDI1BuZX3wtxHBCuMENS9mwrUk6ChKKYkbTQjyWJEB6jIelp5Cgg0klmN6TwVDse9EOhH1dw5v6eSFAg5SRwdWeA1Egu1qbmf7VerPxLJ6E8ihXheL7IjxlUIZwGAj0qCFZsogFhQfVfIR4hgbDSsRV0CPbiycvQrlZsq2LfnhfrV1kceXAMTkAJ2OAC1MENaIAWwOARPINX8GY8GS/Gu/Exb80Z2cwh+CPj8wd+d5Ta</latexit><latexit sha1_base64="LxKftxtEfqyIe1WRLheAKbQg9AU=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFaBFKUgTdFIpuXFZqL9DGMplM2qGTSZiZCCUE3Pgqblwo4taXcOfbOG2z0NYfBj7+cw5nzu9GjEplWd9GbmV1bX0jv1nY2t7Z3TP3D9oyjAUmLRyyUHRdJAmjnLQUVYx0I0FQ4DLSccfX03rngQhJQ36nJhFxAjTk1KcYKW0NzCOvCWvQa94nJbucwrM5VstpzRqYRatizQSXwc6gCDI1BuZX3wtxHBCuMENS9mwrUk6ChKKYkbTQjyWJEB6jIelp5Cgg0klmN6TwVDse9EOhH1dw5v6eSFAg5SRwdWeA1Egu1qbmf7VerPxLJ6E8ihXheL7IjxlUIZwGAj0qCFZsogFhQfVfIR4hgbDSsRV0CPbiycvQrlZsq2LfnhfrV1kceXAMTkAJ2OAC1MENaIAWwOARPINX8GY8GS/Gu/Exb80Z2cwh+CPj8wd+d5Ta</latexit><latexit sha1_base64="LxKftxtEfqyIe1WRLheAKbQg9AU=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFaBFKUgTdFIpuXFZqL9DGMplM2qGTSZiZCCUE3Pgqblwo4taXcOfbOG2z0NYfBj7+cw5nzu9GjEplWd9GbmV1bX0jv1nY2t7Z3TP3D9oyjAUmLRyyUHRdJAmjnLQUVYx0I0FQ4DLSccfX03rngQhJQ36nJhFxAjTk1KcYKW0NzCOvCWvQa94nJbucwrM5VstpzRqYRatizQSXwc6gCDI1BuZX3wtxHBCuMENS9mwrUk6ChKKYkbTQjyWJEB6jIelp5Cgg0klmN6TwVDse9EOhH1dw5v6eSFAg5SRwdWeA1Egu1qbmf7VerPxLJ6E8ihXheL7IjxlUIZwGAj0qCFZsogFhQfVfIR4hgbDSsRV0CPbiycvQrlZsq2LfnhfrV1kceXAMTkAJ2OAC1MENaIAWwOARPINX8GY8GS/Gu/Exb80Z2cwh+CPj8wd+d5Ta</latexit>

U(1),V(1),N(1) U(2),V(2),N(2)

dU(1)



Basic Formalism
Conditions of Equilibrium (Thermal)

dS = dS(1) + dS(2) = 0
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Since dN and dV are 0 

for both subsystems

=) T1 = T2
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Thus, the heat flow would stop when the two temperatures are equal.

Direction of flow
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If T1 and T2 are initial temperatures (differing only slightly) before 

the wall is made diathermal then

T1 > T2 =) �U < 0
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Thus, the direction of transfer is from 
high to low temperature.
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