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Legendre Transformations
Extremisation principle in the transformed representations :

It is desirable to have an extermination principle in the L.T. representations to check for 
thermodynamic equilibrium.

Consider a composite system in thermal contact with a heat reservoir at temperature Tr.

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

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

Ur, Tr, 

Suppose some internal constraint in the 
composite system is removed. We need a 
mathematical condition to predict the 
resulting equilibrium state.

Thermal/Heat reservoir: A reversible heat source that is so large that any heat transfer of 
interest does not alter its temperature. Nr ! 1

<latexit sha1_base64="POUR7EUfvX+LaDtF5Fg998mfal8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepYD+gjWWz3bRLN5uwO1FK6P/w4kERr/4Xb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup76rUeujYjVPY4T7kd0oEQoGEUrPdz2NOliTLpChTjulStu1Z2BLBMvJxXIUe+Vv7r9mKURV8gkNabjuQn6GdUomOSTUjc1PKFsRAe8Y6miETd+Nrt6Qk6s0idhrG0pJDP190RGI2PGUWA7I4pDs+hNxf+8TorhpZ8JlaTIFZsvClNJ7J/TCEhfaM5Qji2hTAt7K2FDqilDG1TJhuAtvrxMmmdVz616d+eV2lUeRxGO4BhOwYMLqMEN1KEBDDQ8wyu8OU/Oi/PufMxbC04+cwh/4Hz+APrPkio=</latexit><latexit sha1_base64="POUR7EUfvX+LaDtF5Fg998mfal8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepYD+gjWWz3bRLN5uwO1FK6P/w4kERr/4Xb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup76rUeujYjVPY4T7kd0oEQoGEUrPdz2NOliTLpChTjulStu1Z2BLBMvJxXIUe+Vv7r9mKURV8gkNabjuQn6GdUomOSTUjc1PKFsRAe8Y6miETd+Nrt6Qk6s0idhrG0pJDP190RGI2PGUWA7I4pDs+hNxf+8TorhpZ8JlaTIFZsvClNJ7J/TCEhfaM5Qji2hTAt7K2FDqilDG1TJhuAtvrxMmmdVz616d+eV2lUeRxGO4BhOwYMLqMEN1KEBDDQ8wyu8OU/Oi/PufMxbC04+cwh/4Hz+APrPkio=</latexit><latexit sha1_base64="POUR7EUfvX+LaDtF5Fg998mfal8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepYD+gjWWz3bRLN5uwO1FK6P/w4kERr/4Xb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup76rUeujYjVPY4T7kd0oEQoGEUrPdz2NOliTLpChTjulStu1Z2BLBMvJxXIUe+Vv7r9mKURV8gkNabjuQn6GdUomOSTUjc1PKFsRAe8Y6miETd+Nrt6Qk6s0idhrG0pJDP190RGI2PGUWA7I4pDs+hNxf+8TorhpZ8JlaTIFZsvClNJ7J/TCEhfaM5Qji2hTAt7K2FDqilDG1TJhuAtvrxMmmdVz616d+eV2lUeRxGO4BhOwYMLqMEN1KEBDDQ8wyu8OU/Oi/PufMxbC04+cwh/4Hz+APrPkio=</latexit><latexit sha1_base64="POUR7EUfvX+LaDtF5Fg998mfal8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepYD+gjWWz3bRLN5uwO1FK6P/w4kERr/4Xb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup76rUeujYjVPY4T7kd0oEQoGEUrPdz2NOliTLpChTjulStu1Z2BLBMvJxXIUe+Vv7r9mKURV8gkNabjuQn6GdUomOSTUjc1PKFsRAe8Y6miETd+Nrt6Qk6s0idhrG0pJDP190RGI2PGUWA7I4pDs+hNxf+8TorhpZ8JlaTIFZsvClNJ7J/TCEhfaM5Qji2hTAt7K2FDqilDG1TJhuAtvrxMmmdVz616d+eV2lUeRxGO4BhOwYMLqMEN1KEBDDQ8wyu8OU/Oi/PufMxbC04+cwh/4Hz+APrPkio=</latexit>



Legendre Transformations
Extremisation principle in the transformed representations :

At equilibrium the total energy of the system + reservoir is a minimum at constant 
entropy.
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d(U + Ur) = 0

d(S + Sr) = 0

d2(U + Ur) = d2U > 0
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Legendre Transformations
Extremisation principle in the transformed representations :

Consider a diathermal, impermeable rigid wall separating sub-systems.

dU |V,N = T (1)dS(1) + T (2)dS(2)
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=) T (1) = T (2) = Tr
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0th Law

<latexit sha1_base64="hTEWqPmMW4cIIs4HM4cpoMRhAEs="></latexit>

d(U + Ur)|V,N = T (1)dS(1) + T (2)dS(2) + T rdSr

= T (1)dS(1) + T (2)dS(2) � T r(dS(1) + dS(2))

= (T (1) � Tr)dS
(1) + (T (2) � Tr)dS

(2) = 0



Legendre Transformations
Extremisation principle in the transformed representations :

Since for the reservoir dUr = TrdSr
<latexit sha1_base64="cczDYZQ0ul8QBDrzHoB/KhFRERw=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVBIR9CIUvXis2LSFNoTNZtMu3WzC7kYptT/FiwdFvPpLvPlv3LY5aOuDGR7vzbCzL8w4U9pxvq2V1bX1jc3SVnl7Z3dv364ctFSaS0I9kvJUdkKsKGeCepppTjuZpDgJOW2Hw5up336gUrFUNPUoo36C+4LFjGBtpMCuRMgLJLpCTdMjdB/IwK46NWcGtEzcglShQCOwv3pRSvKECk04VqrrOpn2x1hqRjidlHu5ohkmQ9ynXUMFTqjyx7PTJ+jEKBGKU2lKaDRTf2+McaLUKAnNZIL1QC16U/E/r5vr+NIfM5HlmgoyfyjOOdIpmuaAIiYp0XxkCCaSmVsRGWCJiTZplU0I7uKXl0nrrOY6NffuvFq/LuIowREcwym4cAF1uIUGeEDgEZ7hFd6sJ+vFerc+5qMrVrFzCH9gff4A0a+SaQ==</latexit><latexit sha1_base64="cczDYZQ0ul8QBDrzHoB/KhFRERw=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVBIR9CIUvXis2LSFNoTNZtMu3WzC7kYptT/FiwdFvPpLvPlv3LY5aOuDGR7vzbCzL8w4U9pxvq2V1bX1jc3SVnl7Z3dv364ctFSaS0I9kvJUdkKsKGeCepppTjuZpDgJOW2Hw5up336gUrFUNPUoo36C+4LFjGBtpMCuRMgLJLpCTdMjdB/IwK46NWcGtEzcglShQCOwv3pRSvKECk04VqrrOpn2x1hqRjidlHu5ohkmQ9ynXUMFTqjyx7PTJ+jEKBGKU2lKaDRTf2+McaLUKAnNZIL1QC16U/E/r5vr+NIfM5HlmgoyfyjOOdIpmuaAIiYp0XxkCCaSmVsRGWCJiTZplU0I7uKXl0nrrOY6NffuvFq/LuIowREcwym4cAF1uIUGeEDgEZ7hFd6sJ+vFerc+5qMrVrFzCH9gff4A0a+SaQ==</latexit><latexit sha1_base64="cczDYZQ0ul8QBDrzHoB/KhFRERw=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVBIR9CIUvXis2LSFNoTNZtMu3WzC7kYptT/FiwdFvPpLvPlv3LY5aOuDGR7vzbCzL8w4U9pxvq2V1bX1jc3SVnl7Z3dv364ctFSaS0I9kvJUdkKsKGeCepppTjuZpDgJOW2Hw5up336gUrFUNPUoo36C+4LFjGBtpMCuRMgLJLpCTdMjdB/IwK46NWcGtEzcglShQCOwv3pRSvKECk04VqrrOpn2x1hqRjidlHu5ohkmQ9ynXUMFTqjyx7PTJ+jEKBGKU2lKaDRTf2+McaLUKAnNZIL1QC16U/E/r5vr+NIfM5HlmgoyfyjOOdIpmuaAIiYp0XxkCCaSmVsRGWCJiTZplU0I7uKXl0nrrOY6NffuvFq/LuIowREcwym4cAF1uIUGeEDgEZ7hFd6sJ+vFerc+5qMrVrFzCH9gff4A0a+SaQ==</latexit><latexit sha1_base64="cczDYZQ0ul8QBDrzHoB/KhFRERw=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVBIR9CIUvXis2LSFNoTNZtMu3WzC7kYptT/FiwdFvPpLvPlv3LY5aOuDGR7vzbCzL8w4U9pxvq2V1bX1jc3SVnl7Z3dv364ctFSaS0I9kvJUdkKsKGeCepppTjuZpDgJOW2Hw5up336gUrFUNPUoo36C+4LFjGBtpMCuRMgLJLpCTdMjdB/IwK46NWcGtEzcglShQCOwv3pRSvKECk04VqrrOpn2x1hqRjidlHu5ohkmQ9ynXUMFTqjyx7PTJ+jEKBGKU2lKaDRTf2+McaLUKAnNZIL1QC16U/E/r5vr+NIfM5HlmgoyfyjOOdIpmuaAIiYp0XxkCCaSmVsRGWCJiTZplU0I7uKXl0nrrOY6NffuvFq/LuIowREcwym4cAF1uIUGeEDgEZ7hFd6sJ+vFerc+5qMrVrFzCH9gff4A0a+SaQ==</latexit>

d(U + Ur) = dU + TrdSr = 0
<latexit sha1_base64="HGkvCTZ12Xrxsrt0lhzFBbQaV5U=">AAACC3icbVDLSgMxFM34rPU16tLNpUWoCGVGBN0Uim5cVuy0hXYYMplMG5p5kGSEUrp346+4caGIW3/AnX9j2s5CWw8knJxzLzf3+ClnUlnWt7Gyura+sVnYKm7v7O7tmweHLZlkglCHJDwRHR9LyllMHcUUp51UUBz5nLb94c3Ubz9QIVkSN9UopW6E+zELGcFKS55ZCqDiwBk4njiFGgTggH41PaHpvb5rYHlm2apaM8AysXNSRjkanvnVCxKSRTRWhGMpu7aVKneMhWKE00mxl0maYjLEfdrVNMYRle54tssETrQSQJgIfWIFM/V3xxhHUo4iX1dGWA3kojcV//O6mQqv3DGL00zRmMwHhRkHlcA0GAiYoETxkSaYCKb/CmSABSZKx1fUIdiLKy+T1nnVtqr23UW5fp3HUUDHqIQqyEaXqI5uUQM5iKBH9Ixe0ZvxZLwY78bHvHTFyHuO0B8Ynz9oB5Y1</latexit><latexit sha1_base64="HGkvCTZ12Xrxsrt0lhzFBbQaV5U=">AAACC3icbVDLSgMxFM34rPU16tLNpUWoCGVGBN0Uim5cVuy0hXYYMplMG5p5kGSEUrp346+4caGIW3/AnX9j2s5CWw8knJxzLzf3+ClnUlnWt7Gyura+sVnYKm7v7O7tmweHLZlkglCHJDwRHR9LyllMHcUUp51UUBz5nLb94c3Ubz9QIVkSN9UopW6E+zELGcFKS55ZCqDiwBk4njiFGgTggH41PaHpvb5rYHlm2apaM8AysXNSRjkanvnVCxKSRTRWhGMpu7aVKneMhWKE00mxl0maYjLEfdrVNMYRle54tssETrQSQJgIfWIFM/V3xxhHUo4iX1dGWA3kojcV//O6mQqv3DGL00zRmMwHhRkHlcA0GAiYoETxkSaYCKb/CmSABSZKx1fUIdiLKy+T1nnVtqr23UW5fp3HUUDHqIQqyEaXqI5uUQM5iKBH9Ixe0ZvxZLwY78bHvHTFyHuO0B8Ynz9oB5Y1</latexit><latexit sha1_base64="HGkvCTZ12Xrxsrt0lhzFBbQaV5U=">AAACC3icbVDLSgMxFM34rPU16tLNpUWoCGVGBN0Uim5cVuy0hXYYMplMG5p5kGSEUrp346+4caGIW3/AnX9j2s5CWw8knJxzLzf3+ClnUlnWt7Gyura+sVnYKm7v7O7tmweHLZlkglCHJDwRHR9LyllMHcUUp51UUBz5nLb94c3Ubz9QIVkSN9UopW6E+zELGcFKS55ZCqDiwBk4njiFGgTggH41PaHpvb5rYHlm2apaM8AysXNSRjkanvnVCxKSRTRWhGMpu7aVKneMhWKE00mxl0maYjLEfdrVNMYRle54tssETrQSQJgIfWIFM/V3xxhHUo4iX1dGWA3kojcV//O6mQqv3DGL00zRmMwHhRkHlcA0GAiYoETxkSaYCKb/CmSABSZKx1fUIdiLKy+T1nnVtqr23UW5fp3HUUDHqIQqyEaXqI5uUQM5iKBH9Ixe0ZvxZLwY78bHvHTFyHuO0B8Ynz9oB5Y1</latexit><latexit sha1_base64="HGkvCTZ12Xrxsrt0lhzFBbQaV5U=">AAACC3icbVDLSgMxFM34rPU16tLNpUWoCGVGBN0Uim5cVuy0hXYYMplMG5p5kGSEUrp346+4caGIW3/AnX9j2s5CWw8knJxzLzf3+ClnUlnWt7Gyura+sVnYKm7v7O7tmweHLZlkglCHJDwRHR9LyllMHcUUp51UUBz5nLb94c3Ubz9QIVkSN9UopW6E+zELGcFKS55ZCqDiwBk4njiFGgTggH41PaHpvb5rYHlm2apaM8AysXNSRjkanvnVCxKSRTRWhGMpu7aVKneMhWKE00mxl0maYjLEfdrVNMYRle54tssETrQSQJgIfWIFM/V3xxhHUo4iX1dGWA3kojcV//O6mQqv3DGL00zRmMwHhRkHlcA0GAiYoETxkSaYCKb/CmSABSZKx1fUIdiLKy+T1nnVtqr23UW5fp3HUUDHqIQqyEaXqI5uUQM5iKBH9Ixe0ZvxZLwY78bHvHTFyHuO0B8Ynz9oB5Y1</latexit>

dU � TrdS = 0
<latexit sha1_base64="PA8opqaY9YMQi0cvHF/dRIY45mw=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCF0sigl6EohePFZu20Iaw2WzapZsPdjdKif0pXjwo4tVf4s1/47bNQVsfDDzem2Fmnp9yJpVlfRulldW19Y3yZmVre2d3z6zut2WSCUIdkvBEdH0sKWcxdRRTnHZTQXHkc9rxRzdTv/NAhWRJ3FLjlLoRHsQsZAQrLXlmNUAOOkUtT6AA3aMrZHlmzapbM6BlYhekBgWanvnVDxKSRTRWhGMpe7aVKjfHQjHC6aTSzyRNMRnhAe1pGuOISjefnT5Bx1oJUJgIXbFCM/X3RI4jKceRrzsjrIZy0ZuK/3m9TIWXbs7iNFM0JvNFYcaRStA0BxQwQYniY00wEUzfisgQC0yUTquiQ7AXX14m7bO6bdXtu/Na47qIowyHcAQnYMMFNOAWmuAAgUd4hld4M56MF+Pd+Ji3loxi5gD+wPj8AUDukWQ=</latexit><latexit sha1_base64="PA8opqaY9YMQi0cvHF/dRIY45mw=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCF0sigl6EohePFZu20Iaw2WzapZsPdjdKif0pXjwo4tVf4s1/47bNQVsfDDzem2Fmnp9yJpVlfRulldW19Y3yZmVre2d3z6zut2WSCUIdkvBEdH0sKWcxdRRTnHZTQXHkc9rxRzdTv/NAhWRJ3FLjlLoRHsQsZAQrLXlmNUAOOkUtT6AA3aMrZHlmzapbM6BlYhekBgWanvnVDxKSRTRWhGMpe7aVKjfHQjHC6aTSzyRNMRnhAe1pGuOISjefnT5Bx1oJUJgIXbFCM/X3RI4jKceRrzsjrIZy0ZuK/3m9TIWXbs7iNFM0JvNFYcaRStA0BxQwQYniY00wEUzfisgQC0yUTquiQ7AXX14m7bO6bdXtu/Na47qIowyHcAQnYMMFNOAWmuAAgUd4hld4M56MF+Pd+Ji3loxi5gD+wPj8AUDukWQ=</latexit><latexit sha1_base64="PA8opqaY9YMQi0cvHF/dRIY45mw=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCF0sigl6EohePFZu20Iaw2WzapZsPdjdKif0pXjwo4tVf4s1/47bNQVsfDDzem2Fmnp9yJpVlfRulldW19Y3yZmVre2d3z6zut2WSCUIdkvBEdH0sKWcxdRRTnHZTQXHkc9rxRzdTv/NAhWRJ3FLjlLoRHsQsZAQrLXlmNUAOOkUtT6AA3aMrZHlmzapbM6BlYhekBgWanvnVDxKSRTRWhGMpe7aVKjfHQjHC6aTSzyRNMRnhAe1pGuOISjefnT5Bx1oJUJgIXbFCM/X3RI4jKceRrzsjrIZy0ZuK/3m9TIWXbs7iNFM0JvNFYcaRStA0BxQwQYniY00wEUzfisgQC0yUTquiQ7AXX14m7bO6bdXtu/Na47qIowyHcAQnYMMFNOAWmuAAgUd4hld4M56MF+Pd+Ji3loxi5gD+wPj8AUDukWQ=</latexit><latexit sha1_base64="PA8opqaY9YMQi0cvHF/dRIY45mw=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCF0sigl6EohePFZu20Iaw2WzapZsPdjdKif0pXjwo4tVf4s1/47bNQVsfDDzem2Fmnp9yJpVlfRulldW19Y3yZmVre2d3z6zut2WSCUIdkvBEdH0sKWcxdRRTnHZTQXHkc9rxRzdTv/NAhWRJ3FLjlLoRHsQsZAQrLXlmNUAOOkUtT6AA3aMrZHlmzapbM6BlYhekBgWanvnVDxKSRTRWhGMpe7aVKjfHQjHC6aTSzyRNMRnhAe1pGuOISjefnT5Bx1oJUJgIXbFCM/X3RI4jKceRrzsjrIZy0ZuK/3m9TIWXbs7iNFM0JvNFYcaRStA0BxQwQYniY00wEUzfisgQC0yUTquiQ7AXX14m7bO6bdXtu/Na47qIowyHcAQnYMMFNOAWmuAAgUd4hld4M56MF+Pd+Ji3loxi5gD+wPj8AUDukWQ=</latexit>

Or, since total entropy is constant,

d(U � TrS) = 0
<latexit sha1_base64="GcStdrvX35PYCXZ7cnguTcS8bjU=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSxCPVgSEfQiFL14rNi0hTaEzWbTLt18sLtRSu1P8eJBEa/+Em/+G7dtDtr6YODx3gwz8/yUM6ks69sorKyurW8UN0tb2zu7e2Z5vyWTTBDqkIQnouNjSTmLqaOY4rSTCoojn9O2P7yZ+u0HKiRL4qYapdSNcD9mISNYackzywGqOugUNT2B7k/QFbI8s2LVrBnQMrFzUoEcDc/86gUJySIaK8KxlF3bSpU7xkIxwumk1MskTTEZ4j7tahrjiEp3PDt9go61EqAwEbpihWbq74kxjqQcRb7ujLAayEVvKv7ndTMVXrpjFqeZojGZLwozjlSCpjmggAlKFB9pgolg+lZEBlhgonRaJR2CvfjyMmmd1WyrZt+dV+rXeRxFOIQjqIINF1CHW2iAAwQe4Rle4c14Ml6Md+Nj3low8pkD+APj8wfxu5Ex</latexit><latexit sha1_base64="GcStdrvX35PYCXZ7cnguTcS8bjU=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSxCPVgSEfQiFL14rNi0hTaEzWbTLt18sLtRSu1P8eJBEa/+Em/+G7dtDtr6YODx3gwz8/yUM6ks69sorKyurW8UN0tb2zu7e2Z5vyWTTBDqkIQnouNjSTmLqaOY4rSTCoojn9O2P7yZ+u0HKiRL4qYapdSNcD9mISNYackzywGqOugUNT2B7k/QFbI8s2LVrBnQMrFzUoEcDc/86gUJySIaK8KxlF3bSpU7xkIxwumk1MskTTEZ4j7tahrjiEp3PDt9go61EqAwEbpihWbq74kxjqQcRb7ujLAayEVvKv7ndTMVXrpjFqeZojGZLwozjlSCpjmggAlKFB9pgolg+lZEBlhgonRaJR2CvfjyMmmd1WyrZt+dV+rXeRxFOIQjqIINF1CHW2iAAwQe4Rle4c14Ml6Md+Nj3low8pkD+APj8wfxu5Ex</latexit><latexit sha1_base64="GcStdrvX35PYCXZ7cnguTcS8bjU=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSxCPVgSEfQiFL14rNi0hTaEzWbTLt18sLtRSu1P8eJBEa/+Em/+G7dtDtr6YODx3gwz8/yUM6ks69sorKyurW8UN0tb2zu7e2Z5vyWTTBDqkIQnouNjSTmLqaOY4rSTCoojn9O2P7yZ+u0HKiRL4qYapdSNcD9mISNYackzywGqOugUNT2B7k/QFbI8s2LVrBnQMrFzUoEcDc/86gUJySIaK8KxlF3bSpU7xkIxwumk1MskTTEZ4j7tahrjiEp3PDt9go61EqAwEbpihWbq74kxjqQcRb7ujLAayEVvKv7ndTMVXrpjFqeZojGZLwozjlSCpjmggAlKFB9pgolg+lZEBlhgonRaJR2CvfjyMmmd1WyrZt+dV+rXeRxFOIQjqIINF1CHW2iAAwQe4Rle4c14Ml6Md+Nj3low8pkD+APj8wfxu5Ex</latexit><latexit sha1_base64="GcStdrvX35PYCXZ7cnguTcS8bjU=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSxCPVgSEfQiFL14rNi0hTaEzWbTLt18sLtRSu1P8eJBEa/+Em/+G7dtDtr6YODx3gwz8/yUM6ks69sorKyurW8UN0tb2zu7e2Z5vyWTTBDqkIQnouNjSTmLqaOY4rSTCoojn9O2P7yZ+u0HKiRL4qYapdSNcD9mISNYackzywGqOugUNT2B7k/QFbI8s2LVrBnQMrFzUoEcDc/86gUJySIaK8KxlF3bSpU7xkIxwumk1MskTTEZ4j7tahrjiEp3PDt9go61EqAwEbpihWbq74kxjqQcRb7ujLAayEVvKv7ndTMVXrpjFqeZojGZLwozjlSCpjmggAlKFB9pgolg+lZEBlhgonRaJR2CvfjyMmmd1WyrZt+dV+rXeRxFOIQjqIINF1CHW2iAAwQe4Rle4c14Ml6Md+Nj3low8pkD+APj8wfxu5Ex</latexit>

Since Tr is constant and S is an independent variable, we get

d2U = d2(U � TrS) > 0
<latexit sha1_base64="nVWqEbwcYNVsoOwOzjvSa9zHofQ=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJDKQJVUSLCAKlgYi2jaSm2IHMdprTpOZDtIVdSBhV9hYQAhVj6Cjb/BaTtAy5Gu7tE598q+x08Ylcqyvo2l5ZXVtfXCRnFza3tn19zbb8k4FZg4OGax6PhIEkY5cRRVjHQSQVDkM9L2h9e5334gQtKYN9UoIW6E+pyGFCOlJc8sBfc16MALmPeKA09g0xPw7hheQsszy1bVmgAuEntGymCGhmd+9YIYpxHhCjMkZde2EuVmSCiKGRkXe6kkCcJD1CddTTmKiHSzyRFjeKSVAIax0MUVnKi/NzIUSTmKfD0ZITWQ814u/ud1UxWeuxnlSaoIx9OHwpRBFcM8ERhQQbBiI00QFlT/FeIBEggrnVtRh2DPn7xIWrWqbVXt29Ny/WoWRwGUwCGoABucgTq4AQ3gAAwewTN4BW/Gk/FivBsf09ElY7ZzAP7A+PwBWEmUDA==</latexit><latexit sha1_base64="nVWqEbwcYNVsoOwOzjvSa9zHofQ=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJDKQJVUSLCAKlgYi2jaSm2IHMdprTpOZDtIVdSBhV9hYQAhVj6Cjb/BaTtAy5Gu7tE598q+x08Ylcqyvo2l5ZXVtfXCRnFza3tn19zbb8k4FZg4OGax6PhIEkY5cRRVjHQSQVDkM9L2h9e5334gQtKYN9UoIW6E+pyGFCOlJc8sBfc16MALmPeKA09g0xPw7hheQsszy1bVmgAuEntGymCGhmd+9YIYpxHhCjMkZde2EuVmSCiKGRkXe6kkCcJD1CddTTmKiHSzyRFjeKSVAIax0MUVnKi/NzIUSTmKfD0ZITWQ814u/ud1UxWeuxnlSaoIx9OHwpRBFcM8ERhQQbBiI00QFlT/FeIBEggrnVtRh2DPn7xIWrWqbVXt29Ny/WoWRwGUwCGoABucgTq4AQ3gAAwewTN4BW/Gk/FivBsf09ElY7ZzAP7A+PwBWEmUDA==</latexit><latexit sha1_base64="nVWqEbwcYNVsoOwOzjvSa9zHofQ=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJDKQJVUSLCAKlgYi2jaSm2IHMdprTpOZDtIVdSBhV9hYQAhVj6Cjb/BaTtAy5Gu7tE598q+x08Ylcqyvo2l5ZXVtfXCRnFza3tn19zbb8k4FZg4OGax6PhIEkY5cRRVjHQSQVDkM9L2h9e5334gQtKYN9UoIW6E+pyGFCOlJc8sBfc16MALmPeKA09g0xPw7hheQsszy1bVmgAuEntGymCGhmd+9YIYpxHhCjMkZde2EuVmSCiKGRkXe6kkCcJD1CddTTmKiHSzyRFjeKSVAIax0MUVnKi/NzIUSTmKfD0ZITWQ814u/ud1UxWeuxnlSaoIx9OHwpRBFcM8ERhQQbBiI00QFlT/FeIBEggrnVtRh2DPn7xIWrWqbVXt29Ny/WoWRwGUwCGoABucgTq4AQ3gAAwewTN4BW/Gk/FivBsf09ElY7ZzAP7A+PwBWEmUDA==</latexit><latexit sha1_base64="nVWqEbwcYNVsoOwOzjvSa9zHofQ=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJDKQJVUSLCAKlgYi2jaSm2IHMdprTpOZDtIVdSBhV9hYQAhVj6Cjb/BaTtAy5Gu7tE598q+x08Ylcqyvo2l5ZXVtfXCRnFza3tn19zbb8k4FZg4OGax6PhIEkY5cRRVjHQSQVDkM9L2h9e5334gQtKYN9UoIW6E+pyGFCOlJc8sBfc16MALmPeKA09g0xPw7hheQsszy1bVmgAuEntGymCGhmd+9YIYpxHhCjMkZde2EuVmSCiKGRkXe6kkCcJD1CddTTmKiHSzyRFjeKSVAIax0MUVnKi/NzIUSTmKfD0ZITWQ814u/ud1UxWeuxnlSaoIx9OHwpRBFcM8ERhQQbBiI00QFlT/FeIBEggrnVtRh2DPn7xIWrWqbVXt29Ny/WoWRwGUwCGoABucgTq4AQ3gAAwewTN4BW/Gk/FivBsf09ElY7ZzAP7A+PwBWEmUDA==</latexit>



Legendre Transformations
Extremisation principle in the transformed representations :

Given that the temperature of the system (T) is the same as that of the reservoir at 
thermal equilibrium we can just look for the minimum of 

F = U � TS
<latexit sha1_base64="CNRnOKXLSaOMUOopNUrzuNrHsBQ=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgxbIrgl6EoiAeK3bbwnYp2TRtQ7PJkswKZenP8OJBEa/+Gm/+G9N2D9r6YODx3gwz86JEcAOu++0UVlbX1jeKm6Wt7Z3dvfL+QdOoVFPmUyWUbkfEMMEl84GDYO1EMxJHgrWi0e3Ubz0xbbiSDRgnLIzJQPI+pwSsFNzha+zjM9zAj91yxa26M+Bl4uWkgnLUu+WvTk/RNGYSqCDGBJ6bQJgRDZwKNil1UsMSQkdkwAJLJYmZCbPZyRN8YpUe7ittSwKeqb8nMhIbM44j2xkTGJpFbyr+5wUp9K/CjMskBSbpfFE/FRgUnv6Pe1wzCmJsCaGa21sxHRJNKNiUSjYEb/HlZdI8r3pu1Xu4qNRu8jiK6Agdo1PkoUtUQ/eojnxEkULP6BW9OeC8OO/Ox7y14OQzh+gPnM8fKDSPNA==</latexit><latexit sha1_base64="CNRnOKXLSaOMUOopNUrzuNrHsBQ=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgxbIrgl6EoiAeK3bbwnYp2TRtQ7PJkswKZenP8OJBEa/+Gm/+G9N2D9r6YODx3gwz86JEcAOu++0UVlbX1jeKm6Wt7Z3dvfL+QdOoVFPmUyWUbkfEMMEl84GDYO1EMxJHgrWi0e3Ubz0xbbiSDRgnLIzJQPI+pwSsFNzha+zjM9zAj91yxa26M+Bl4uWkgnLUu+WvTk/RNGYSqCDGBJ6bQJgRDZwKNil1UsMSQkdkwAJLJYmZCbPZyRN8YpUe7ittSwKeqb8nMhIbM44j2xkTGJpFbyr+5wUp9K/CjMskBSbpfFE/FRgUnv6Pe1wzCmJsCaGa21sxHRJNKNiUSjYEb/HlZdI8r3pu1Xu4qNRu8jiK6Agdo1PkoUtUQ/eojnxEkULP6BW9OeC8OO/Ox7y14OQzh+gPnM8fKDSPNA==</latexit><latexit sha1_base64="CNRnOKXLSaOMUOopNUrzuNrHsBQ=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgxbIrgl6EoiAeK3bbwnYp2TRtQ7PJkswKZenP8OJBEa/+Gm/+G9N2D9r6YODx3gwz86JEcAOu++0UVlbX1jeKm6Wt7Z3dvfL+QdOoVFPmUyWUbkfEMMEl84GDYO1EMxJHgrWi0e3Ubz0xbbiSDRgnLIzJQPI+pwSsFNzha+zjM9zAj91yxa26M+Bl4uWkgnLUu+WvTk/RNGYSqCDGBJ6bQJgRDZwKNil1UsMSQkdkwAJLJYmZCbPZyRN8YpUe7ittSwKeqb8nMhIbM44j2xkTGJpFbyr+5wUp9K/CjMskBSbpfFE/FRgUnv6Pe1wzCmJsCaGa21sxHRJNKNiUSjYEb/HlZdI8r3pu1Xu4qNRu8jiK6Agdo1PkoUtUQ/eojnxEkULP6BW9OeC8OO/Ox7y14OQzh+gPnM8fKDSPNA==</latexit><latexit sha1_base64="CNRnOKXLSaOMUOopNUrzuNrHsBQ=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgxbIrgl6EoiAeK3bbwnYp2TRtQ7PJkswKZenP8OJBEa/+Gm/+G9N2D9r6YODx3gwz86JEcAOu++0UVlbX1jeKm6Wt7Z3dvfL+QdOoVFPmUyWUbkfEMMEl84GDYO1EMxJHgrWi0e3Ubz0xbbiSDRgnLIzJQPI+pwSsFNzha+zjM9zAj91yxa26M+Bl4uWkgnLUu+WvTk/RNGYSqCDGBJ6bQJgRDZwKNil1UsMSQkdkwAJLJYmZCbPZyRN8YpUe7ittSwKeqb8nMhIbM44j2xkTGJpFbyr+5wUp9K/CjMskBSbpfFE/FRgUnv6Pe1wzCmJsCaGa21sxHRJNKNiUSjYEb/HlZdI8r3pu1Xu4qNRu8jiK6Agdo1PkoUtUQ/eojnxEkULP6BW9OeC8OO/Ox7y14OQzh+gPnM8fKDSPNA==</latexit>

Subject to the condition that T = Tr.

Thus, the equilibrium value of any unconstrained internal parameter in a system in 
diathermal contact with a heat reservoir minimises the Helmholtz free energy over a 
manifold of states for which T = Tr.

Helmholtz potential minimum principle



Legendre Transformations
Extremisation principle in the transformed representations :

Similar principles can be derived for the other potentials as well

Intensive  
variables controlled

Relevant 
Potential

Condition for 
equilibrium

T F Minimized

P H Minimized

T, P G Minimized

P1, P2, … U[P1, P2,…] Minimized

w.r.t  
unconstrained  

variables



Legendre Transformations
Physical meaning of Thermodynamic Potentials:

Helmholtz free energy

dU = �W + �Q
<latexit sha1_base64="TQrYdufPW44F5p0UH06PLCJICWE=">AAACAXicbZDNSsNAFIUn9a/Wv6gbwc1gEQShJCLoRii6cdmCaQttKJPJtB06mYSZG6GEuvFV3LhQxK1v4c63cdpG0NYDAx/n3sude4JEcA2O82UVlpZXVteK66WNza3tHXt3r6HjVFHm0VjEqhUQzQSXzAMOgrUSxUgUCNYMhjeTevOeKc1jeQejhPkR6Uve45SAsbr2QejhK9wJmQCCm/j0B+tdu+xUnKnwIrg5lFGuWtf+7IQxTSMmgQqiddt1EvAzooBTwcalTqpZQuiQ9FnboCQR0342vWCMj40T4l6szJOAp+7viYxEWo+iwHRGBAZ6vjYx/6u1U+hd+hmXSQpM0tmiXiowxHgSBw65YhTEyAChipu/YjogilAwoZVMCO78yYvQOKu4TsWtn5er13kcRXSIjtAJctEFqqJbVEMeougBPaEX9Go9Ws/Wm/U+ay1Y+cw++iPr4xtsJpTw</latexit><latexit sha1_base64="TQrYdufPW44F5p0UH06PLCJICWE=">AAACAXicbZDNSsNAFIUn9a/Wv6gbwc1gEQShJCLoRii6cdmCaQttKJPJtB06mYSZG6GEuvFV3LhQxK1v4c63cdpG0NYDAx/n3sude4JEcA2O82UVlpZXVteK66WNza3tHXt3r6HjVFHm0VjEqhUQzQSXzAMOgrUSxUgUCNYMhjeTevOeKc1jeQejhPkR6Uve45SAsbr2QejhK9wJmQCCm/j0B+tdu+xUnKnwIrg5lFGuWtf+7IQxTSMmgQqiddt1EvAzooBTwcalTqpZQuiQ9FnboCQR0342vWCMj40T4l6szJOAp+7viYxEWo+iwHRGBAZ6vjYx/6u1U+hd+hmXSQpM0tmiXiowxHgSBw65YhTEyAChipu/YjogilAwoZVMCO78yYvQOKu4TsWtn5er13kcRXSIjtAJctEFqqJbVEMeougBPaEX9Go9Ws/Wm/U+ay1Y+cw++iPr4xtsJpTw</latexit><latexit sha1_base64="TQrYdufPW44F5p0UH06PLCJICWE=">AAACAXicbZDNSsNAFIUn9a/Wv6gbwc1gEQShJCLoRii6cdmCaQttKJPJtB06mYSZG6GEuvFV3LhQxK1v4c63cdpG0NYDAx/n3sude4JEcA2O82UVlpZXVteK66WNza3tHXt3r6HjVFHm0VjEqhUQzQSXzAMOgrUSxUgUCNYMhjeTevOeKc1jeQejhPkR6Uve45SAsbr2QejhK9wJmQCCm/j0B+tdu+xUnKnwIrg5lFGuWtf+7IQxTSMmgQqiddt1EvAzooBTwcalTqpZQuiQ9FnboCQR0342vWCMj40T4l6szJOAp+7viYxEWo+iwHRGBAZ6vjYx/6u1U+hd+hmXSQpM0tmiXiowxHgSBw65YhTEyAChipu/YjogilAwoZVMCO78yYvQOKu4TsWtn5er13kcRXSIjtAJctEFqqJbVEMeougBPaEX9Go9Ws/Wm/U+ay1Y+cw++iPr4xtsJpTw</latexit><latexit sha1_base64="TQrYdufPW44F5p0UH06PLCJICWE=">AAACAXicbZDNSsNAFIUn9a/Wv6gbwc1gEQShJCLoRii6cdmCaQttKJPJtB06mYSZG6GEuvFV3LhQxK1v4c63cdpG0NYDAx/n3sude4JEcA2O82UVlpZXVteK66WNza3tHXt3r6HjVFHm0VjEqhUQzQSXzAMOgrUSxUgUCNYMhjeTevOeKc1jeQejhPkR6Uve45SAsbr2QejhK9wJmQCCm/j0B+tdu+xUnKnwIrg5lFGuWtf+7IQxTSMmgQqiddt1EvAzooBTwcalTqpZQuiQ9FnboCQR0342vWCMj40T4l6szJOAp+7viYxEWo+iwHRGBAZ6vjYx/6u1U+hd+hmXSQpM0tmiXiowxHgSBw65YhTEyAChipu/YjogilAwoZVMCO78yYvQOKu4TsWtn5er13kcRXSIjtAJctEFqqJbVEMeougBPaEX9Go9Ws/Wm/U+ay1Y+cw++iPr4xtsJpTw</latexit>

In any reversible process in the system,
=) dUr = ��Q

<latexit sha1_base64="rcGNhpvhPWo0FI9/Ug1v9NWCncg=">AAACA3icbVBNS8NAEN34WetX1JteFovgxZKIoBeh6MVjC6YtNCFsNpN26eaD3Y1QQsGLf8WLB0W8+ie8+W/ctjlo64OBx3szzMwLMs6ksqxvY2l5ZXVtvbJR3dza3tk19/bbMs0FBYemPBXdgEjgLAFHMcWhmwkgccChEwxvJ37nAYRkaXKvRhl4MeknLGKUKC355qHLYr0HJA6x4wt8jc/cELgiuOWbNatuTYEXiV2SGirR9M0vN0xpHkOiKCdS9mwrU15BhGKUw7jq5hIyQoekDz1NExKD9IrpD2N8opUQR6nQlSg8VX9PFCSWchQHujMmaiDnvYn4n9fLVXTlFSzJcgUJnS2Kco5ViieB4JAJoIqPNCFUMH0rpgMiCFU6tqoOwZ5/eZG0z+u2VbdbF7XGTRlHBR2hY3SKbHSJGugONZGDKHpEz+gVvRlPxovxbnzMWpeMcuYA/YHx+QPBaJZJ</latexit><latexit sha1_base64="rcGNhpvhPWo0FI9/Ug1v9NWCncg=">AAACA3icbVBNS8NAEN34WetX1JteFovgxZKIoBeh6MVjC6YtNCFsNpN26eaD3Y1QQsGLf8WLB0W8+ie8+W/ctjlo64OBx3szzMwLMs6ksqxvY2l5ZXVtvbJR3dza3tk19/bbMs0FBYemPBXdgEjgLAFHMcWhmwkgccChEwxvJ37nAYRkaXKvRhl4MeknLGKUKC355qHLYr0HJA6x4wt8jc/cELgiuOWbNatuTYEXiV2SGirR9M0vN0xpHkOiKCdS9mwrU15BhGKUw7jq5hIyQoekDz1NExKD9IrpD2N8opUQR6nQlSg8VX9PFCSWchQHujMmaiDnvYn4n9fLVXTlFSzJcgUJnS2Kco5ViieB4JAJoIqPNCFUMH0rpgMiCFU6tqoOwZ5/eZG0z+u2VbdbF7XGTRlHBR2hY3SKbHSJGugONZGDKHpEz+gVvRlPxovxbnzMWpeMcuYA/YHx+QPBaJZJ</latexit><latexit sha1_base64="rcGNhpvhPWo0FI9/Ug1v9NWCncg=">AAACA3icbVBNS8NAEN34WetX1JteFovgxZKIoBeh6MVjC6YtNCFsNpN26eaD3Y1QQsGLf8WLB0W8+ie8+W/ctjlo64OBx3szzMwLMs6ksqxvY2l5ZXVtvbJR3dza3tk19/bbMs0FBYemPBXdgEjgLAFHMcWhmwkgccChEwxvJ37nAYRkaXKvRhl4MeknLGKUKC355qHLYr0HJA6x4wt8jc/cELgiuOWbNatuTYEXiV2SGirR9M0vN0xpHkOiKCdS9mwrU15BhGKUw7jq5hIyQoekDz1NExKD9IrpD2N8opUQR6nQlSg8VX9PFCSWchQHujMmaiDnvYn4n9fLVXTlFSzJcgUJnS2Kco5ViieB4JAJoIqPNCFUMH0rpgMiCFU6tqoOwZ5/eZG0z+u2VbdbF7XGTRlHBR2hY3SKbHSJGugONZGDKHpEz+gVvRlPxovxbnzMWpeMcuYA/YHx+QPBaJZJ</latexit><latexit sha1_base64="rcGNhpvhPWo0FI9/Ug1v9NWCncg=">AAACA3icbVBNS8NAEN34WetX1JteFovgxZKIoBeh6MVjC6YtNCFsNpN26eaD3Y1QQsGLf8WLB0W8+ie8+W/ctjlo64OBx3szzMwLMs6ksqxvY2l5ZXVtvbJR3dza3tk19/bbMs0FBYemPBXdgEjgLAFHMcWhmwkgccChEwxvJ37nAYRkaXKvRhl4MeknLGKUKC355qHLYr0HJA6x4wt8jc/cELgiuOWbNatuTYEXiV2SGirR9M0vN0xpHkOiKCdS9mwrU15BhGKUw7jq5hIyQoekDz1NExKD9IrpD2N8opUQR6nQlSg8VX9PFCSWchQHujMmaiDnvYn4n9fLVXTlFSzJcgUJnS2Kco5ViieB4JAJoIqPNCFUMH0rpgMiCFU6tqoOwZ5/eZG0z+u2VbdbF7XGTRlHBR2hY3SKbHSJGugONZGDKHpEz+gVvRlPxovxbnzMWpeMcuYA/YHx+QPBaJZJ</latexit>

since heat given out by system is taken up by thermal reservoir.

Work done by system is used up by work source

=) �WRWS = ��W = �dU + �Q
<latexit sha1_base64="1DriSwHEuoyqhYZcpDS+/TcYjN0=">AAACHnicbVDLSgMxFM3UV62vUZdugkUQxDIjim6EohuXrdoHtMOQydy2oZkHSUYoQ7/Ejb/ixoUigiv9GzN9gLYeCBzOOZebe7yYM6ks69vILSwuLa/kVwtr6xubW+b2Tl1GiaBQoxGPRNMjEjgLoaaY4tCMBZDA49Dw+teZ33gAIVkU3qtBDE5AuiHrMEqUllzzrM0CvQckbvvAFcENN71t3A3xJT6eKhn3cQ0fTTNV1yxaJWsEPE/sCSmiCSqu+dn2I5oEECrKiZQt24qVkxKhGOUwLLQTCTGhfdKFlqYhCUA66ei8IT7Qio87kdAvVHik/p5ISSDlIPB0MiCqJ2e9TPzPayWqc+GkLIwTBSEdL+okHKsIZ11hnwmgig80IVQw/VdMe0QQqnSjBV2CPXvyPKmflGyrZFdPi+WrSR15tIf20SGy0TkqoxtUQTVE0SN6Rq/ozXgyXox342MczRmTmV30B8bXD7Inn6g=</latexit><latexit sha1_base64="1DriSwHEuoyqhYZcpDS+/TcYjN0=">AAACHnicbVDLSgMxFM3UV62vUZdugkUQxDIjim6EohuXrdoHtMOQydy2oZkHSUYoQ7/Ejb/ixoUigiv9GzN9gLYeCBzOOZebe7yYM6ks69vILSwuLa/kVwtr6xubW+b2Tl1GiaBQoxGPRNMjEjgLoaaY4tCMBZDA49Dw+teZ33gAIVkU3qtBDE5AuiHrMEqUllzzrM0CvQckbvvAFcENN71t3A3xJT6eKhn3cQ0fTTNV1yxaJWsEPE/sCSmiCSqu+dn2I5oEECrKiZQt24qVkxKhGOUwLLQTCTGhfdKFlqYhCUA66ei8IT7Qio87kdAvVHik/p5ISSDlIPB0MiCqJ2e9TPzPayWqc+GkLIwTBSEdL+okHKsIZ11hnwmgig80IVQw/VdMe0QQqnSjBV2CPXvyPKmflGyrZFdPi+WrSR15tIf20SGy0TkqoxtUQTVE0SN6Rq/ozXgyXox342MczRmTmV30B8bXD7Inn6g=</latexit><latexit sha1_base64="1DriSwHEuoyqhYZcpDS+/TcYjN0=">AAACHnicbVDLSgMxFM3UV62vUZdugkUQxDIjim6EohuXrdoHtMOQydy2oZkHSUYoQ7/Ejb/ixoUigiv9GzN9gLYeCBzOOZebe7yYM6ks69vILSwuLa/kVwtr6xubW+b2Tl1GiaBQoxGPRNMjEjgLoaaY4tCMBZDA49Dw+teZ33gAIVkU3qtBDE5AuiHrMEqUllzzrM0CvQckbvvAFcENN71t3A3xJT6eKhn3cQ0fTTNV1yxaJWsEPE/sCSmiCSqu+dn2I5oEECrKiZQt24qVkxKhGOUwLLQTCTGhfdKFlqYhCUA66ei8IT7Qio87kdAvVHik/p5ISSDlIPB0MiCqJ2e9TPzPayWqc+GkLIwTBSEdL+okHKsIZ11hnwmgig80IVQw/VdMe0QQqnSjBV2CPXvyPKmflGyrZFdPi+WrSR15tIf20SGy0TkqoxtUQTVE0SN6Rq/ozXgyXox342MczRmTmV30B8bXD7Inn6g=</latexit><latexit sha1_base64="1DriSwHEuoyqhYZcpDS+/TcYjN0=">AAACHnicbVDLSgMxFM3UV62vUZdugkUQxDIjim6EohuXrdoHtMOQydy2oZkHSUYoQ7/Ejb/ixoUigiv9GzN9gLYeCBzOOZebe7yYM6ks69vILSwuLa/kVwtr6xubW+b2Tl1GiaBQoxGPRNMjEjgLoaaY4tCMBZDA49Dw+teZ33gAIVkU3qtBDE5AuiHrMEqUllzzrM0CvQckbvvAFcENN71t3A3xJT6eKhn3cQ0fTTNV1yxaJWsEPE/sCSmiCSqu+dn2I5oEECrKiZQt24qVkxKhGOUwLLQTCTGhfdKFlqYhCUA66ei8IT7Qio87kdAvVHik/p5ISSDlIPB0MiCqJ2e9TPzPayWqc+GkLIwTBSEdL+okHKsIZ11hnwmgig80IVQw/VdMe0QQqnSjBV2CPXvyPKmflGyrZFdPi+WrSR15tIf20SGy0TkqoxtUQTVE0SN6Rq/ozXgyXox342MczRmTmV30B8bXD7Inn6g=</latexit>

= �dU � dUr = �dU � TrdSr

= �d(U � TrS) = �dF
<latexit sha1_base64="DH3GwVzXiPiarZLXRmLd/eIIPqI=">AAACInicbVBNS8MwGE7n15xfVY9egkOZh41WBPUgDAXxONm6DbZS0jTbwtK0JKkwxn6LF/+KFw+KehL8MabdDrr5QMLzPu/zkryPHzMqlWV9Gbml5ZXVtfx6YWNza3vH3N1ryigRmDg4YpFo+0gSRjlxFFWMtGNBUOgz0vKHN2m/9UCEpBFvqFFM3BD1Oe1RjJSWPPPy+AqWA+jAMgwcT8C0SouG5gGs67vbLWSeklNOxfpJ5oG3nlm0KlYGuEjsGSmCGWqe+dENIpyEhCvMkJQd24qVO0ZCUczIpNBNJIkRHqI+6WjKUUikO85WnMAjrQSwFwl9uIKZ+ntijEIpR6GvnSFSAznfS8X/ep1E9S7cMeVxogjH04d6CYMqgmleMKCCYMVGmiAsqP4rxAMkEFY61YIOwZ5feZE0Tyu2VbHvz4rV61kceXAADkEJ2OAcVMEdqAEHYPAInsEreDOejBfj3ficWnPGbGYf/IHx/QOotpz3</latexit><latexit sha1_base64="DH3GwVzXiPiarZLXRmLd/eIIPqI=">AAACInicbVBNS8MwGE7n15xfVY9egkOZh41WBPUgDAXxONm6DbZS0jTbwtK0JKkwxn6LF/+KFw+KehL8MabdDrr5QMLzPu/zkryPHzMqlWV9Gbml5ZXVtfx6YWNza3vH3N1ryigRmDg4YpFo+0gSRjlxFFWMtGNBUOgz0vKHN2m/9UCEpBFvqFFM3BD1Oe1RjJSWPPPy+AqWA+jAMgwcT8C0SouG5gGs67vbLWSeklNOxfpJ5oG3nlm0KlYGuEjsGSmCGWqe+dENIpyEhCvMkJQd24qVO0ZCUczIpNBNJIkRHqI+6WjKUUikO85WnMAjrQSwFwl9uIKZ+ntijEIpR6GvnSFSAznfS8X/ep1E9S7cMeVxogjH04d6CYMqgmleMKCCYMVGmiAsqP4rxAMkEFY61YIOwZ5feZE0Tyu2VbHvz4rV61kceXAADkEJ2OAcVMEdqAEHYPAInsEreDOejBfj3ficWnPGbGYf/IHx/QOotpz3</latexit><latexit sha1_base64="DH3GwVzXiPiarZLXRmLd/eIIPqI=">AAACInicbVBNS8MwGE7n15xfVY9egkOZh41WBPUgDAXxONm6DbZS0jTbwtK0JKkwxn6LF/+KFw+KehL8MabdDrr5QMLzPu/zkryPHzMqlWV9Gbml5ZXVtfx6YWNza3vH3N1ryigRmDg4YpFo+0gSRjlxFFWMtGNBUOgz0vKHN2m/9UCEpBFvqFFM3BD1Oe1RjJSWPPPy+AqWA+jAMgwcT8C0SouG5gGs67vbLWSeklNOxfpJ5oG3nlm0KlYGuEjsGSmCGWqe+dENIpyEhCvMkJQd24qVO0ZCUczIpNBNJIkRHqI+6WjKUUikO85WnMAjrQSwFwl9uIKZ+ntijEIpR6GvnSFSAznfS8X/ep1E9S7cMeVxogjH04d6CYMqgmleMKCCYMVGmiAsqP4rxAMkEFY61YIOwZ5feZE0Tyu2VbHvz4rV61kceXAADkEJ2OAcVMEdqAEHYPAInsEreDOejBfj3ficWnPGbGYf/IHx/QOotpz3</latexit><latexit sha1_base64="DH3GwVzXiPiarZLXRmLd/eIIPqI=">AAACInicbVBNS8MwGE7n15xfVY9egkOZh41WBPUgDAXxONm6DbZS0jTbwtK0JKkwxn6LF/+KFw+KehL8MabdDrr5QMLzPu/zkryPHzMqlWV9Gbml5ZXVtfx6YWNza3vH3N1ryigRmDg4YpFo+0gSRjlxFFWMtGNBUOgz0vKHN2m/9UCEpBFvqFFM3BD1Oe1RjJSWPPPy+AqWA+jAMgwcT8C0SouG5gGs67vbLWSeklNOxfpJ5oG3nlm0KlYGuEjsGSmCGWqe+dENIpyEhCvMkJQd24qVO0ZCUczIpNBNJIkRHqI+6WjKUUikO85WnMAjrQSwFwl9uIKZ+ntijEIpR6GvnSFSAznfS8X/ep1E9S7cMeVxogjH04d6CYMqgmleMKCCYMVGmiAsqP4rxAMkEFY61YIOwZ5feZE0Tyu2VbHvz4rV61kceXAADkEJ2OAcVMEdqAEHYPAInsEreDOejBfj3ficWnPGbGYf/IHx/QOotpz3</latexit>

Thermal 
Reservoir System

Reversible 
Work 

Source

diathermal adiabatic

The decrease in Helmholtz 

free energy is equal to the

 reversible work delivered by 

the system when in contact 

with a thermal reservoir.



Legendre Transformations
Physical meaning of Thermodynamic Potentials:

Gibbs free energy
Thermal 

Reservoir

System
Reversible 

Work 
Source

The decrease in Gibbs 

free energy is equal to the

reversible non-mechanical 

work delivered by 

the system when in contact 

with thermal and a pressure

reservoirs.

Pressure 
Reservoir

In any reversible process in the system,
dU = �dUr + PrdVr + �Wnon�mech

= TrdS � PrdV + �Wnon�mech
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�WRWS = ��Wnon�mech = �dG
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Or

=) �Wnon�mech = d(U � TrS + PrV )

= d(U � TS + PV ) = dG
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