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Statistical Mechanics
Lecture 9 Deriving fundamental relations
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Equilibrium Relations
The Gibbs-Duhem Relations: An example

Find the relation among T, P and     for the system with the fundamental equation     µ
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C is a positive constant.

Hint: Find equations of state and use the Gibbs-Duhem equation.
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Equilibrium Relations
Deriving the fundamental relation from equations of state

The equations of state can be used to derive the fundamental relation for a system.

Example: Ideal gas

PV = NRT
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Equilibrium Relations
Deriving the fundamental relation from equations of state

The equations of state can be used to derive the fundamental relation for a system.

Example: Ideal gas

Answer: 
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Equilibrium Relations
Conjugate variables

T  ! S
<latexit sha1_base64="yS/pMuFK8a6V3N1fnyAcHBphZBc=">AAACAHicbVA9SwNBEN2LXzF+nVpY2CwGwSrciaBl0MYyYr4gOcLeZu+yZG/32J1TQkjjX7GxUMTWn2Hnv3GTXKGJDwYe780wMy9MBTfged9OYWV1bX2juFna2t7Z3XP3D5pGZZqyBlVC6XZIDBNcsgZwEKydakaSULBWOLyZ+q0Hpg1Xsg6jlAUJiSWPOCVgpZ57VMddoWQsWASaxwMgWqtHfN9zy17FmwEvEz8nZZSj1nO/un1Fs4RJoIIY0/G9FIIx0cCpYJNSNzMsJXRIYtaxVJKEmWA8e2CCT63Sx5HStiTgmfp7YkwSY0ZJaDsTAgOz6E3F/7xOBtFVMOYyzYBJOl8UZQKDwtM0cJ9rRkGMLCFUc3srpgOiCQWbWcmG4C++vEya5xXfq/h3F+XqdR5HER2jE3SGfHSJqugW1VADUTRBz+gVvTlPzovz7nzMWwtOPnOI/sD5/AG2RZZ4</latexit><latexit sha1_base64="yS/pMuFK8a6V3N1fnyAcHBphZBc=">AAACAHicbVA9SwNBEN2LXzF+nVpY2CwGwSrciaBl0MYyYr4gOcLeZu+yZG/32J1TQkjjX7GxUMTWn2Hnv3GTXKGJDwYe780wMy9MBTfged9OYWV1bX2juFna2t7Z3XP3D5pGZZqyBlVC6XZIDBNcsgZwEKydakaSULBWOLyZ+q0Hpg1Xsg6jlAUJiSWPOCVgpZ57VMddoWQsWASaxwMgWqtHfN9zy17FmwEvEz8nZZSj1nO/un1Fs4RJoIIY0/G9FIIx0cCpYJNSNzMsJXRIYtaxVJKEmWA8e2CCT63Sx5HStiTgmfp7YkwSY0ZJaDsTAgOz6E3F/7xOBtFVMOYyzYBJOl8UZQKDwtM0cJ9rRkGMLCFUc3srpgOiCQWbWcmG4C++vEya5xXfq/h3F+XqdR5HER2jE3SGfHSJqugW1VADUTRBz+gVvTlPzovz7nzMWwtOPnOI/sD5/AG2RZZ4</latexit><latexit sha1_base64="yS/pMuFK8a6V3N1fnyAcHBphZBc=">AAACAHicbVA9SwNBEN2LXzF+nVpY2CwGwSrciaBl0MYyYr4gOcLeZu+yZG/32J1TQkjjX7GxUMTWn2Hnv3GTXKGJDwYe780wMy9MBTfged9OYWV1bX2juFna2t7Z3XP3D5pGZZqyBlVC6XZIDBNcsgZwEKydakaSULBWOLyZ+q0Hpg1Xsg6jlAUJiSWPOCVgpZ57VMddoWQsWASaxwMgWqtHfN9zy17FmwEvEz8nZZSj1nO/un1Fs4RJoIIY0/G9FIIx0cCpYJNSNzMsJXRIYtaxVJKEmWA8e2CCT63Sx5HStiTgmfp7YkwSY0ZJaDsTAgOz6E3F/7xOBtFVMOYyzYBJOl8UZQKDwtM0cJ9rRkGMLCFUc3srpgOiCQWbWcmG4C++vEya5xXfq/h3F+XqdR5HER2jE3SGfHSJqugW1VADUTRBz+gVvTlPzovz7nzMWwtOPnOI/sD5/AG2RZZ4</latexit><latexit sha1_base64="yS/pMuFK8a6V3N1fnyAcHBphZBc=">AAACAHicbVA9SwNBEN2LXzF+nVpY2CwGwSrciaBl0MYyYr4gOcLeZu+yZG/32J1TQkjjX7GxUMTWn2Hnv3GTXKGJDwYe780wMy9MBTfged9OYWV1bX2juFna2t7Z3XP3D5pGZZqyBlVC6XZIDBNcsgZwEKydakaSULBWOLyZ+q0Hpg1Xsg6jlAUJiSWPOCVgpZ57VMddoWQsWASaxwMgWqtHfN9zy17FmwEvEz8nZZSj1nO/un1Fs4RJoIIY0/G9FIIx0cCpYJNSNzMsJXRIYtaxVJKEmWA8e2CCT63Sx5HStiTgmfp7YkwSY0ZJaDsTAgOz6E3F/7xOBtFVMOYyzYBJOl8UZQKDwtM0cJ9rRkGMLCFUc3srpgOiCQWbWcmG4C++vEya5xXfq/h3F+XqdR5HER2jE3SGfHSJqugW1VADUTRBz+gVvTlPzovz7nzMWwtOPnOI/sD5/AG2RZZ4</latexit>

�P  ! V
<latexit sha1_base64="pDrZw6X+wHK3DNmp0aZ9zc2bBv4=">AAACAXicbVA9SwNBEN2LXzF+ndoINotBsDHciaBl0MYygvmA5Ah7m73Lkr3dY3dOCSE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/PCVHADnvftFJaWV1bXiuuljc2t7R13d69hVKYpq1MllG6FxDDBJasDB8FaqWYkCQVrhoPrid+8Z9pwJe9gmLIgIbHkEacErNR1D05ruCOUjAWLQPO4D0Rr9YAbXbfsVbwp8CLxc1JGOWpd96vTUzRLmAQqiDFt30shGBENnAo2LnUyw1JCByRmbUslSZgJRtMPxvjYKj0cKW1LAp6qvydGJDFmmIS2MyHQN/PeRPzPa2cQXQYjLtMMmKSzRVEmMCg8iQP3uGYUxNASQjW3t2LaJ5pQsKGVbAj+/MuLpHFW8b2Kf3terl7lcRTRITpCJ8hHF6iKblAN1RFFj+gZvaI358l5cd6dj1lrwcln9tEfOJ8/IeaWrg==</latexit><latexit sha1_base64="pDrZw6X+wHK3DNmp0aZ9zc2bBv4=">AAACAXicbVA9SwNBEN2LXzF+ndoINotBsDHciaBl0MYygvmA5Ah7m73Lkr3dY3dOCSE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/PCVHADnvftFJaWV1bXiuuljc2t7R13d69hVKYpq1MllG6FxDDBJasDB8FaqWYkCQVrhoPrid+8Z9pwJe9gmLIgIbHkEacErNR1D05ruCOUjAWLQPO4D0Rr9YAbXbfsVbwp8CLxc1JGOWpd96vTUzRLmAQqiDFt30shGBENnAo2LnUyw1JCByRmbUslSZgJRtMPxvjYKj0cKW1LAp6qvydGJDFmmIS2MyHQN/PeRPzPa2cQXQYjLtMMmKSzRVEmMCg8iQP3uGYUxNASQjW3t2LaJ5pQsKGVbAj+/MuLpHFW8b2Kf3terl7lcRTRITpCJ8hHF6iKblAN1RFFj+gZvaI358l5cd6dj1lrwcln9tEfOJ8/IeaWrg==</latexit><latexit sha1_base64="pDrZw6X+wHK3DNmp0aZ9zc2bBv4=">AAACAXicbVA9SwNBEN2LXzF+ndoINotBsDHciaBl0MYygvmA5Ah7m73Lkr3dY3dOCSE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/PCVHADnvftFJaWV1bXiuuljc2t7R13d69hVKYpq1MllG6FxDDBJasDB8FaqWYkCQVrhoPrid+8Z9pwJe9gmLIgIbHkEacErNR1D05ruCOUjAWLQPO4D0Rr9YAbXbfsVbwp8CLxc1JGOWpd96vTUzRLmAQqiDFt30shGBENnAo2LnUyw1JCByRmbUslSZgJRtMPxvjYKj0cKW1LAp6qvydGJDFmmIS2MyHQN/PeRPzPa2cQXQYjLtMMmKSzRVEmMCg8iQP3uGYUxNASQjW3t2LaJ5pQsKGVbAj+/MuLpHFW8b2Kf3terl7lcRTRITpCJ8hHF6iKblAN1RFFj+gZvaI358l5cd6dj1lrwcln9tEfOJ8/IeaWrg==</latexit><latexit sha1_base64="pDrZw6X+wHK3DNmp0aZ9zc2bBv4=">AAACAXicbVA9SwNBEN2LXzF+ndoINotBsDHciaBl0MYygvmA5Ah7m73Lkr3dY3dOCSE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/PCVHADnvftFJaWV1bXiuuljc2t7R13d69hVKYpq1MllG6FxDDBJasDB8FaqWYkCQVrhoPrid+8Z9pwJe9gmLIgIbHkEacErNR1D05ruCOUjAWLQPO4D0Rr9YAbXbfsVbwp8CLxc1JGOWpd96vTUzRLmAQqiDFt30shGBENnAo2LnUyw1JCByRmbUslSZgJRtMPxvjYKj0cKW1LAp6qvydGJDFmmIS2MyHQN/PeRPzPa2cQXQYjLtMMmKSzRVEmMCg8iQP3uGYUxNASQjW3t2LaJ5pQsKGVbAj+/MuLpHFW8b2Kf3terl7lcRTRITpCJ8hHF6iKblAN1RFFj+gZvaI358l5cd6dj1lrwcln9tEfOJ8/IeaWrg==</latexit>

µ ! N
<latexit sha1_base64="9jyuQQorpvNyN7VIAfweCDrZEHM=">AAACAnicbVA9SwNBEN2LXzF+nVqJzWIQrMKdCFoGbawkgvmA5Ah7m73Lkr3dY3dOCSHY+FdsLBSx9VfY+W/cJFdo4oOBx3szzMwLU8ENeN63U1haXlldK66XNja3tnfc3b2GUZmmrE6VULoVEsMEl6wOHARrpZqRJBSsGQ6uJn7znmnDlbyDYcqChMSSR5wSsFLXPegkGe4IJWPBItA87gPRWj3gm65b9ireFHiR+Dkpoxy1rvvV6SmaJUwCFcSYtu+lEIyIBk4FG5c6mWEpoQMSs7alkiTMBKPpC2N8bJUejpS2JQFP1d8TI5IYM0xC25kQ6Jt5byL+57UziC6CEZdpBkzS2aIoExgUnuSBe1wzCmJoCaGa21sx7RNNKNjUSjYEf/7lRdI4rfhexb89K1cv8ziK6BAdoRPko3NURdeohuqIokf0jF7Rm/PkvDjvzsesteDkM/voD5zPH3EYl3E=</latexit><latexit sha1_base64="9jyuQQorpvNyN7VIAfweCDrZEHM=">AAACAnicbVA9SwNBEN2LXzF+nVqJzWIQrMKdCFoGbawkgvmA5Ah7m73Lkr3dY3dOCSHY+FdsLBSx9VfY+W/cJFdo4oOBx3szzMwLU8ENeN63U1haXlldK66XNja3tnfc3b2GUZmmrE6VULoVEsMEl6wOHARrpZqRJBSsGQ6uJn7znmnDlbyDYcqChMSSR5wSsFLXPegkGe4IJWPBItA87gPRWj3gm65b9ireFHiR+Dkpoxy1rvvV6SmaJUwCFcSYtu+lEIyIBk4FG5c6mWEpoQMSs7alkiTMBKPpC2N8bJUejpS2JQFP1d8TI5IYM0xC25kQ6Jt5byL+57UziC6CEZdpBkzS2aIoExgUnuSBe1wzCmJoCaGa21sx7RNNKNjUSjYEf/7lRdI4rfhexb89K1cv8ziK6BAdoRPko3NURdeohuqIokf0jF7Rm/PkvDjvzsesteDkM/voD5zPH3EYl3E=</latexit><latexit sha1_base64="9jyuQQorpvNyN7VIAfweCDrZEHM=">AAACAnicbVA9SwNBEN2LXzF+nVqJzWIQrMKdCFoGbawkgvmA5Ah7m73Lkr3dY3dOCSHY+FdsLBSx9VfY+W/cJFdo4oOBx3szzMwLU8ENeN63U1haXlldK66XNja3tnfc3b2GUZmmrE6VULoVEsMEl6wOHARrpZqRJBSsGQ6uJn7znmnDlbyDYcqChMSSR5wSsFLXPegkGe4IJWPBItA87gPRWj3gm65b9ireFHiR+Dkpoxy1rvvV6SmaJUwCFcSYtu+lEIyIBk4FG5c6mWEpoQMSs7alkiTMBKPpC2N8bJUejpS2JQFP1d8TI5IYM0xC25kQ6Jt5byL+57UziC6CEZdpBkzS2aIoExgUnuSBe1wzCmJoCaGa21sx7RNNKNjUSjYEf/7lRdI4rfhexb89K1cv8ziK6BAdoRPko3NURdeohuqIokf0jF7Rm/PkvDjvzsesteDkM/voD5zPH3EYl3E=</latexit><latexit sha1_base64="9jyuQQorpvNyN7VIAfweCDrZEHM=">AAACAnicbVA9SwNBEN2LXzF+nVqJzWIQrMKdCFoGbawkgvmA5Ah7m73Lkr3dY3dOCSHY+FdsLBSx9VfY+W/cJFdo4oOBx3szzMwLU8ENeN63U1haXlldK66XNja3tnfc3b2GUZmmrE6VULoVEsMEl6wOHARrpZqRJBSsGQ6uJn7znmnDlbyDYcqChMSSR5wSsFLXPegkGe4IJWPBItA87gPRWj3gm65b9ireFHiR+Dkpoxy1rvvV6SmaJUwCFcSYtu+lEIyIBk4FG5c6mWEpoQMSs7alkiTMBKPpC2N8bJUejpS2JQFP1d8TI5IYM0xC25kQ6Jt5byL+57UziC6CEZdpBkzS2aIoExgUnuSBe1wzCmJoCaGa21sx7RNNKNjUSjYEf/7lRdI4rfhexb89K1cv8ziK6BAdoRPko3NURdeohuqIokf0jF7Rm/PkvDjvzsesteDkM/voD5zPH3EYl3E=</latexit>

Energetic variables

Task: Write for entropic variables

Related through 

derivatives of the U.

B  ! I
<latexit sha1_base64="lPvUerShtAKo5OWVTVmeZFONn+o=">AAACAHicbVA9SwNBEN2LXzF+nVpY2CwGwSrciaBliI12EcwHJEfY2+xdluztHrtzSghp/Cs2ForY+jPs/Ddukis08cHA470ZZuaFqeAGPO/bKaysrq1vFDdLW9s7u3vu/kHTqExT1qBKKN0OiWGCS9YADoK1U81IEgrWCofXU7/1wLThSt7DKGVBQmLJI04JWKnnHtVwVygZCxaB5vEAiNbqEd/23LJX8WbAy8TPSRnlqPfcr25f0SxhEqggxnR8L4VgTDRwKtik1M0MSwkdkph1LJUkYSYYzx6Y4FOr9HGktC0JeKb+nhiTxJhREtrOhMDALHpT8T+vk0F0FYy5TDNgks4XRZnAoPA0DdznmlEQI0sI1dzeiumAaELBZlayIfiLLy+T5nnF9yr+3UW5WsvjKKJjdILOkI8uURXdoDpqIIom6Bm9ojfnyXlx3p2PeWvByWcO0R84nz+KSZZc</latexit><latexit sha1_base64="lPvUerShtAKo5OWVTVmeZFONn+o=">AAACAHicbVA9SwNBEN2LXzF+nVpY2CwGwSrciaBliI12EcwHJEfY2+xdluztHrtzSghp/Cs2ForY+jPs/Ddukis08cHA470ZZuaFqeAGPO/bKaysrq1vFDdLW9s7u3vu/kHTqExT1qBKKN0OiWGCS9YADoK1U81IEgrWCofXU7/1wLThSt7DKGVBQmLJI04JWKnnHtVwVygZCxaB5vEAiNbqEd/23LJX8WbAy8TPSRnlqPfcr25f0SxhEqggxnR8L4VgTDRwKtik1M0MSwkdkph1LJUkYSYYzx6Y4FOr9HGktC0JeKb+nhiTxJhREtrOhMDALHpT8T+vk0F0FYy5TDNgks4XRZnAoPA0DdznmlEQI0sI1dzeiumAaELBZlayIfiLLy+T5nnF9yr+3UW5WsvjKKJjdILOkI8uURXdoDpqIIom6Bm9ojfnyXlx3p2PeWvByWcO0R84nz+KSZZc</latexit><latexit sha1_base64="lPvUerShtAKo5OWVTVmeZFONn+o=">AAACAHicbVA9SwNBEN2LXzF+nVpY2CwGwSrciaBliI12EcwHJEfY2+xdluztHrtzSghp/Cs2ForY+jPs/Ddukis08cHA470ZZuaFqeAGPO/bKaysrq1vFDdLW9s7u3vu/kHTqExT1qBKKN0OiWGCS9YADoK1U81IEgrWCofXU7/1wLThSt7DKGVBQmLJI04JWKnnHtVwVygZCxaB5vEAiNbqEd/23LJX8WbAy8TPSRnlqPfcr25f0SxhEqggxnR8L4VgTDRwKtik1M0MSwkdkph1LJUkYSYYzx6Y4FOr9HGktC0JeKb+nhiTxJhREtrOhMDALHpT8T+vk0F0FYy5TDNgks4XRZnAoPA0DdznmlEQI0sI1dzeiumAaELBZlayIfiLLy+T5nnF9yr+3UW5WsvjKKJjdILOkI8uURXdoDpqIIom6Bm9ojfnyXlx3p2PeWvByWcO0R84nz+KSZZc</latexit><latexit sha1_base64="lPvUerShtAKo5OWVTVmeZFONn+o=">AAACAHicbVA9SwNBEN2LXzF+nVpY2CwGwSrciaBliI12EcwHJEfY2+xdluztHrtzSghp/Cs2ForY+jPs/Ddukis08cHA470ZZuaFqeAGPO/bKaysrq1vFDdLW9s7u3vu/kHTqExT1qBKKN0OiWGCS9YADoK1U81IEgrWCofXU7/1wLThSt7DKGVBQmLJI04JWKnnHtVwVygZCxaB5vEAiNbqEd/23LJX8WbAy8TPSRnlqPfcr25f0SxhEqggxnR8L4VgTDRwKtik1M0MSwkdkph1LJUkYSYYzx6Y4FOr9HGktC0JeKb+nhiTxJhREtrOhMDALHpT8T+vk0F0FYy5TDNgks4XRZnAoPA0DdznmlEQI0sI1dzeiumAaELBZlayIfiLLy+T5nnF9yr+3UW5WsvjKKJjdILOkI8uURXdoDpqIIom6Bm9ojfnyXlx3p2PeWvByWcO0R84nz+KSZZc</latexit>

Magnetic system

U = T S � p V +B I + µ N
<latexit sha1_base64="Mgqw99ZxkyMbusrqfg2hlR6M+Xo=">AAACBHicbVDLSsNAFJ3UV62vqMtuBosgiCURQTdCqRvdSMWmLbShTKaTduhkEmYmQgkNuPFX3LhQxK0f4c6/cdpmoa0H7uVwzr3M3ONFjEplWd9Gbml5ZXUtv17Y2Nza3jF39xoyjAUmDg5ZKFoekoRRThxFFSOtSBAUeIw0veHVxG8+ECFpyOtqFBE3QH1OfYqR0lLXLDrwEtbTe3gCo7QBj2E1vdG9E8TpbdcsWWVrCrhI7IyUQIZa1/zq9EIcB4QrzJCUbduKlJsgoShmZFzoxJJECA9Rn7Q15Sgg0k2mR4zhoVZ60A+FLq7gVP29kaBAylHg6ckAqYGc9ybif147Vv6Fm1AexYpwPHvIjxlUIZwkAntUEKzYSBOEBdV/hXiABMJK51bQIdjzJy+SxmnZtsr23VmpUs3iyIMiOABHwAbnoAKuQQ04AINH8AxewZvxZLwY78bHbDRnZDv74A+Mzx8/+5VK</latexit><latexit sha1_base64="Mgqw99ZxkyMbusrqfg2hlR6M+Xo=">AAACBHicbVDLSsNAFJ3UV62vqMtuBosgiCURQTdCqRvdSMWmLbShTKaTduhkEmYmQgkNuPFX3LhQxK0f4c6/cdpmoa0H7uVwzr3M3ONFjEplWd9Gbml5ZXUtv17Y2Nza3jF39xoyjAUmDg5ZKFoekoRRThxFFSOtSBAUeIw0veHVxG8+ECFpyOtqFBE3QH1OfYqR0lLXLDrwEtbTe3gCo7QBj2E1vdG9E8TpbdcsWWVrCrhI7IyUQIZa1/zq9EIcB4QrzJCUbduKlJsgoShmZFzoxJJECA9Rn7Q15Sgg0k2mR4zhoVZ60A+FLq7gVP29kaBAylHg6ckAqYGc9ybif147Vv6Fm1AexYpwPHvIjxlUIZwkAntUEKzYSBOEBdV/hXiABMJK51bQIdjzJy+SxmnZtsr23VmpUs3iyIMiOABHwAbnoAKuQQ04AINH8AxewZvxZLwY78bHbDRnZDv74A+Mzx8/+5VK</latexit><latexit sha1_base64="Mgqw99ZxkyMbusrqfg2hlR6M+Xo=">AAACBHicbVDLSsNAFJ3UV62vqMtuBosgiCURQTdCqRvdSMWmLbShTKaTduhkEmYmQgkNuPFX3LhQxK0f4c6/cdpmoa0H7uVwzr3M3ONFjEplWd9Gbml5ZXUtv17Y2Nza3jF39xoyjAUmDg5ZKFoekoRRThxFFSOtSBAUeIw0veHVxG8+ECFpyOtqFBE3QH1OfYqR0lLXLDrwEtbTe3gCo7QBj2E1vdG9E8TpbdcsWWVrCrhI7IyUQIZa1/zq9EIcB4QrzJCUbduKlJsgoShmZFzoxJJECA9Rn7Q15Sgg0k2mR4zhoVZ60A+FLq7gVP29kaBAylHg6ckAqYGc9ybif147Vv6Fm1AexYpwPHvIjxlUIZwkAntUEKzYSBOEBdV/hXiABMJK51bQIdjzJy+SxmnZtsr23VmpUs3iyIMiOABHwAbnoAKuQQ04AINH8AxewZvxZLwY78bHbDRnZDv74A+Mzx8/+5VK</latexit><latexit sha1_base64="Mgqw99ZxkyMbusrqfg2hlR6M+Xo=">AAACBHicbVDLSsNAFJ3UV62vqMtuBosgiCURQTdCqRvdSMWmLbShTKaTduhkEmYmQgkNuPFX3LhQxK0f4c6/cdpmoa0H7uVwzr3M3ONFjEplWd9Gbml5ZXUtv17Y2Nza3jF39xoyjAUmDg5ZKFoekoRRThxFFSOtSBAUeIw0veHVxG8+ECFpyOtqFBE3QH1OfYqR0lLXLDrwEtbTe3gCo7QBj2E1vdG9E8TpbdcsWWVrCrhI7IyUQIZa1/zq9EIcB4QrzJCUbduKlJsgoShmZFzoxJJECA9Rn7Q15Sgg0k2mR4zhoVZ60A+FLq7gVP29kaBAylHg6ckAqYGc9ybif147Vv6Fm1AexYpwPHvIjxlUIZwkAntUEKzYSBOEBdV/hXiABMJK51bQIdjzJy+SxmnZtsr23VmpUs3iyIMiOABHwAbnoAKuQQ04AINH8AxewZvxZLwY78bHbDRnZDv74A+Mzx8/+5VK</latexit>



Equilibrium Relations
Second derivatives of U and S

Molar heat capacity, coefficient of thermal expansion, adiabatic/isothermal 
compressibility, susceptibility


Molar heat capacity @ constant pressure

cP ⌘ T
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Isotermal compressibility

Coefficient of thermal expansion

In general, the derivatives are 
connected to each other.

W h y a r e t h e s e 2 n d 
derivatives?



Equilibrium Relations
Second derivatives of U and S
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Equilibrium Relations
Quasi-static and reversible processes

Thermodynamic configuration space

Simple system Composite system

Taken from Callen, Sec. 4-2.



Equilibrium Relations
Quasi-static and reversible processes

Thermodynamic configuration space

Reversible process

Taken from Callen, Sec. 4-2.


