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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)



Conditions of Equilibrium
Thermal

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>

Since dN and dV are 0 

for both subsystems

=) T1 = T2
<latexit sha1_base64="CAmIy9s2VP1U61/ujnhPOfHJFuw=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqswUQTdC0Y3LCn1BOwyZ9E4bmmSGJCOW0l9x40IRt/6IO//GtJ2Fth5IOJxzL/feE6WcaeN5305hY3Nre6e4W9rbPzg8co/LbZ1kikKLJjxR3Yho4ExCyzDDoZsqICLi0InGd3O/8whKs0Q2zSSFQJChZDGjxFgpdMt9Juwc0LgZ+vjG/rXQrXhVbwG8TvycVFCORuh+9QcJzQRIQznRuud7qQmmRBlGOcxK/UxDSuiYDKFnqSQCdDBd7D7D51YZ4DhR9kmDF+rvjikRWk9EZCsFMSO96s3F/7xeZuLrYMpkmhmQdDkozjg2CZ4HgQdMATV8YgmhitldMR0RRaixcZVsCP7qyeukXav6XtV/uKzUb/M4iugUnaEL5KMrVEf3qIFaiKIn9Ixe0Zszc16cd+djWVpw8p4T9AfO5w/6fpMU</latexit><latexit sha1_base64="CAmIy9s2VP1U61/ujnhPOfHJFuw=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqswUQTdC0Y3LCn1BOwyZ9E4bmmSGJCOW0l9x40IRt/6IO//GtJ2Fth5IOJxzL/feE6WcaeN5305hY3Nre6e4W9rbPzg8co/LbZ1kikKLJjxR3Yho4ExCyzDDoZsqICLi0InGd3O/8whKs0Q2zSSFQJChZDGjxFgpdMt9Juwc0LgZ+vjG/rXQrXhVbwG8TvycVFCORuh+9QcJzQRIQznRuud7qQmmRBlGOcxK/UxDSuiYDKFnqSQCdDBd7D7D51YZ4DhR9kmDF+rvjikRWk9EZCsFMSO96s3F/7xeZuLrYMpkmhmQdDkozjg2CZ4HgQdMATV8YgmhitldMR0RRaixcZVsCP7qyeukXav6XtV/uKzUb/M4iugUnaEL5KMrVEf3qIFaiKIn9Ixe0Zszc16cd+djWVpw8p4T9AfO5w/6fpMU</latexit><latexit sha1_base64="CAmIy9s2VP1U61/ujnhPOfHJFuw=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqswUQTdC0Y3LCn1BOwyZ9E4bmmSGJCOW0l9x40IRt/6IO//GtJ2Fth5IOJxzL/feE6WcaeN5305hY3Nre6e4W9rbPzg8co/LbZ1kikKLJjxR3Yho4ExCyzDDoZsqICLi0InGd3O/8whKs0Q2zSSFQJChZDGjxFgpdMt9Juwc0LgZ+vjG/rXQrXhVbwG8TvycVFCORuh+9QcJzQRIQznRuud7qQmmRBlGOcxK/UxDSuiYDKFnqSQCdDBd7D7D51YZ4DhR9kmDF+rvjikRWk9EZCsFMSO96s3F/7xeZuLrYMpkmhmQdDkozjg2CZ4HgQdMATV8YgmhitldMR0RRaixcZVsCP7qyeukXav6XtV/uKzUb/M4iugUnaEL5KMrVEf3qIFaiKIn9Ixe0Zszc16cd+djWVpw8p4T9AfO5w/6fpMU</latexit><latexit sha1_base64="CAmIy9s2VP1U61/ujnhPOfHJFuw=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqswUQTdC0Y3LCn1BOwyZ9E4bmmSGJCOW0l9x40IRt/6IO//GtJ2Fth5IOJxzL/feE6WcaeN5305hY3Nre6e4W9rbPzg8co/LbZ1kikKLJjxR3Yho4ExCyzDDoZsqICLi0InGd3O/8whKs0Q2zSSFQJChZDGjxFgpdMt9Juwc0LgZ+vjG/rXQrXhVbwG8TvycVFCORuh+9QcJzQRIQznRuud7qQmmRBlGOcxK/UxDSuiYDKFnqSQCdDBd7D7D51YZ4DhR9kmDF+rvjikRWk9EZCsFMSO96s3F/7xeZuLrYMpkmhmQdDkozjg2CZ4HgQdMATV8YgmhitldMR0RRaixcZVsCP7qyeukXav6XtV/uKzUb/M4iugUnaEL5KMrVEf3qIFaiKIn9Ixe0Zszc16cd+djWVpw8p4T9AfO5w/6fpMU</latexit>

Thus, the heat flow would stop when the two temperatures are equal.

Direction of flow

�S ⇡
✓
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T1
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T2

◆
�U > 0

<latexit sha1_base64="6jTJZY+wFjFFpHx6CykNuiDzmsg="></latexit><latexit sha1_base64="6jTJZY+wFjFFpHx6CykNuiDzmsg="></latexit><latexit sha1_base64="6jTJZY+wFjFFpHx6CykNuiDzmsg="></latexit><latexit sha1_base64="6jTJZY+wFjFFpHx6CykNuiDzmsg="></latexit>

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

the wall is made diathermal then

T1 > T2 =) �U < 0
<latexit sha1_base64="ht0IufUcDU2eeyjxqrh7m1yTUGE=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgETyUpgh5EinrwWKFphSaEzXbSLt18sLsRSujRi3/FiwdFvPoTvPlv3LY5aOuDgcd7M8zMC1LOpLKsb6O0tLyyulZer2xsbm3vmLt7bZlkgoJDE56I+4BI4CwGRzHF4T4VQKKAQycYXk/8zgMIyZK4pUYpeBHpxyxklCgt+eZhy7fxJW75deyySG8Eid0b4IpgB19gyzerVs2aAi8SuyBVVKDpm19uL6FZBLGinEjZta1UeTkRilEO44qbSUgJHZI+dDWNSQTSy6ePjPGxVno4TISuWOGp+nsiJ5GUoyjQnRFRAznvTcT/vG6mwnMvZ3GaKYjpbFGYcawSPEkF95gAqvhIE0IF07diOiCCUKWzq+gQ7PmXF0m7XrOtmn13Wm1cFXGU0QE6QifIRmeogW5REzmIokf0jF7Rm/FkvBjvxsestWQUM/voD4zPH42Flx4=</latexit><latexit sha1_base64="ht0IufUcDU2eeyjxqrh7m1yTUGE=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgETyUpgh5EinrwWKFphSaEzXbSLt18sLsRSujRi3/FiwdFvPoTvPlv3LY5aOuDgcd7M8zMC1LOpLKsb6O0tLyyulZer2xsbm3vmLt7bZlkgoJDE56I+4BI4CwGRzHF4T4VQKKAQycYXk/8zgMIyZK4pUYpeBHpxyxklCgt+eZhy7fxJW75deyySG8Eid0b4IpgB19gyzerVs2aAi8SuyBVVKDpm19uL6FZBLGinEjZta1UeTkRilEO44qbSUgJHZI+dDWNSQTSy6ePjPGxVno4TISuWOGp+nsiJ5GUoyjQnRFRAznvTcT/vG6mwnMvZ3GaKYjpbFGYcawSPEkF95gAqvhIE0IF07diOiCCUKWzq+gQ7PmXF0m7XrOtmn13Wm1cFXGU0QE6QifIRmeogW5REzmIokf0jF7Rm/FkvBjvxsestWQUM/voD4zPH42Flx4=</latexit><latexit sha1_base64="ht0IufUcDU2eeyjxqrh7m1yTUGE=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgETyUpgh5EinrwWKFphSaEzXbSLt18sLsRSujRi3/FiwdFvPoTvPlv3LY5aOuDgcd7M8zMC1LOpLKsb6O0tLyyulZer2xsbm3vmLt7bZlkgoJDE56I+4BI4CwGRzHF4T4VQKKAQycYXk/8zgMIyZK4pUYpeBHpxyxklCgt+eZhy7fxJW75deyySG8Eid0b4IpgB19gyzerVs2aAi8SuyBVVKDpm19uL6FZBLGinEjZta1UeTkRilEO44qbSUgJHZI+dDWNSQTSy6ePjPGxVno4TISuWOGp+nsiJ5GUoyjQnRFRAznvTcT/vG6mwnMvZ3GaKYjpbFGYcawSPEkF95gAqvhIE0IF07diOiCCUKWzq+gQ7PmXF0m7XrOtmn13Wm1cFXGU0QE6QifIRmeogW5REzmIokf0jF7Rm/FkvBjvxsestWQUM/voD4zPH42Flx4=</latexit><latexit sha1_base64="ht0IufUcDU2eeyjxqrh7m1yTUGE=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgETyUpgh5EinrwWKFphSaEzXbSLt18sLsRSujRi3/FiwdFvPoTvPlv3LY5aOuDgcd7M8zMC1LOpLKsb6O0tLyyulZer2xsbm3vmLt7bZlkgoJDE56I+4BI4CwGRzHF4T4VQKKAQycYXk/8zgMIyZK4pUYpeBHpxyxklCgt+eZhy7fxJW75deyySG8Eid0b4IpgB19gyzerVs2aAi8SuyBVVKDpm19uL6FZBLGinEjZta1UeTkRilEO44qbSUgJHZI+dDWNSQTSy6ePjPGxVno4TISuWOGp+nsiJ5GUoyjQnRFRAznvTcT/vG6mwnMvZ3GaKYjpbFGYcawSPEkF95gAqvhIE0IF07diOiCCUKWzq+gQ7PmXF0m7XrOtmn13Wm1cFXGU0QE6QifIRmeogW5REzmIokf0jF7Rm/FkvBjvxsestWQUM/voD4zPH42Flx4=</latexit>

Thus, the direction of transfer is from 
high to low temperature.
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<latexit sha1_base64="Q3BmvnHncxYM8YtEWLXwFuP/Bpo=">AAACInicbVDLSgMxFM34rPU16tJNsAh1YZkUQV0Uim5cKrS10BlLJs20wcyD5I5QhvkWN/6KGxeKuhL8GNM6C60euHByzr3k3uMnUmhwnA9rbn5hcWm5tFJeXVvf2LS3tjs6ThXjbRbLWHV9qrkUEW+DAMm7ieI09CW/9m/PJ/71HVdaxFELxgn3QjqMRCAYBSP17dMGdiUPoOoGirKM5FmrT3J8iH+867mrxHAEB3jQvsmq5CDHDez07YpTc6bAfwkpSAUVuOzbb+4gZmnII2CSat0jTgJeRhUIJnledlPNE8pu6ZD3DI1oyLWXTU/M8b5RBjiIlakI8FT9OZHRUOtx6JvOkMJIz3oT8T+vl0Jw4mUiSlLgEfv+KEglhhhP8sIDoTgDOTaEMiXMrpiNqMkGTKplEwKZPfkv6dRrxKmRq6NK86yIo4R20R6qIoKOURNdoEvURgzdo0f0jF6sB+vJerXev1vnrGJmB/2C9fkFsZmh2g==</latexit><latexit sha1_base64="Q3BmvnHncxYM8YtEWLXwFuP/Bpo=">AAACInicbVDLSgMxFM34rPU16tJNsAh1YZkUQV0Uim5cKrS10BlLJs20wcyD5I5QhvkWN/6KGxeKuhL8GNM6C60euHByzr3k3uMnUmhwnA9rbn5hcWm5tFJeXVvf2LS3tjs6ThXjbRbLWHV9qrkUEW+DAMm7ieI09CW/9m/PJ/71HVdaxFELxgn3QjqMRCAYBSP17dMGdiUPoOoGirKM5FmrT3J8iH+867mrxHAEB3jQvsmq5CDHDez07YpTc6bAfwkpSAUVuOzbb+4gZmnII2CSat0jTgJeRhUIJnledlPNE8pu6ZD3DI1oyLWXTU/M8b5RBjiIlakI8FT9OZHRUOtx6JvOkMJIz3oT8T+vl0Jw4mUiSlLgEfv+KEglhhhP8sIDoTgDOTaEMiXMrpiNqMkGTKplEwKZPfkv6dRrxKmRq6NK86yIo4R20R6qIoKOURNdoEvURgzdo0f0jF6sB+vJerXev1vnrGJmB/2C9fkFsZmh2g==</latexit><latexit sha1_base64="Q3BmvnHncxYM8YtEWLXwFuP/Bpo=">AAACInicbVDLSgMxFM34rPU16tJNsAh1YZkUQV0Uim5cKrS10BlLJs20wcyD5I5QhvkWN/6KGxeKuhL8GNM6C60euHByzr3k3uMnUmhwnA9rbn5hcWm5tFJeXVvf2LS3tjs6ThXjbRbLWHV9qrkUEW+DAMm7ieI09CW/9m/PJ/71HVdaxFELxgn3QjqMRCAYBSP17dMGdiUPoOoGirKM5FmrT3J8iH+867mrxHAEB3jQvsmq5CDHDez07YpTc6bAfwkpSAUVuOzbb+4gZmnII2CSat0jTgJeRhUIJnledlPNE8pu6ZD3DI1oyLWXTU/M8b5RBjiIlakI8FT9OZHRUOtx6JvOkMJIz3oT8T+vl0Jw4mUiSlLgEfv+KEglhhhP8sIDoTgDOTaEMiXMrpiNqMkGTKplEwKZPfkv6dRrxKmRq6NK86yIo4R20R6qIoKOURNdoEvURgzdo0f0jF6sB+vJerXev1vnrGJmB/2C9fkFsZmh2g==</latexit><latexit sha1_base64="Q3BmvnHncxYM8YtEWLXwFuP/Bpo=">AAACInicbVDLSgMxFM34rPU16tJNsAh1YZkUQV0Uim5cKrS10BlLJs20wcyD5I5QhvkWN/6KGxeKuhL8GNM6C60euHByzr3k3uMnUmhwnA9rbn5hcWm5tFJeXVvf2LS3tjs6ThXjbRbLWHV9qrkUEW+DAMm7ieI09CW/9m/PJ/71HVdaxFELxgn3QjqMRCAYBSP17dMGdiUPoOoGirKM5FmrT3J8iH+867mrxHAEB3jQvsmq5CDHDez07YpTc6bAfwkpSAUVuOzbb+4gZmnII2CSat0jTgJeRhUIJnledlPNE8pu6ZD3DI1oyLWXTU/M8b5RBjiIlakI8FT9OZHRUOtx6JvOkMJIz3oT8T+vl0Jw4mUiSlLgEfv+KEglhhhP8sIDoTgDOTaEMiXMrpiNqMkGTKplEwKZPfkv6dRrxKmRq6NK86yIo4R20R6qIoKOURNdoEvURgzdo0f0jF6sB+vJerXev1vnrGJmB/2C9fkFsZmh2g==</latexit>



Conditions of Equilibrium
Mechanical

Consider a closed system with a movable, diathermal and impermeable partition 
separating two subsystems 1 and 2.

Under what conditions would 
no heat flow and no volume 
change 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, N(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)
ConstantV = V (1) + V (2) =

<latexit sha1_base64="jkN0p6+k3b5ETaw9lRL3pIHqPrs=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRagIJSmCbgpFNy4r2LTQxjKZTtqhkwszE6GEbHwVNy4UcetjuPNtnKZdaOsPAx//OYcz5/dizqSyrG+jsLK6tr5R3Cxtbe/s7pn7B46MEkFoi0Q8Eh0PS8pZSFuKKU47saA48Dhte+Obab39SIVkUXivJjF1AzwMmc8IVtrqm0cOqiPnIa3YZxk6z6mmqd43y1bVyoWWwZ5DGeZq9s2v3iAiSUBDRTiWsmtbsXJTLBQjnGalXiJpjMkYD2lXY4gDKt00PyBDp9oZID8S+oUK5e7viRQHUk4CT3cGWI3kYm1q/lfrJsq/clMWxomiIZkt8hOOVISmaaABE5QoPtGAiWD6r4iMsMBE6cxKOgR78eRlcGpV26radxflxvU8jiIcwwlUwIZLaMAtNKEFBDJ4hld4M56MF+Pd+Ji1Foz5zCH8kfH5AySfk4k=</latexit><latexit sha1_base64="jkN0p6+k3b5ETaw9lRL3pIHqPrs=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRagIJSmCbgpFNy4r2LTQxjKZTtqhkwszE6GEbHwVNy4UcetjuPNtnKZdaOsPAx//OYcz5/dizqSyrG+jsLK6tr5R3Cxtbe/s7pn7B46MEkFoi0Q8Eh0PS8pZSFuKKU47saA48Dhte+Obab39SIVkUXivJjF1AzwMmc8IVtrqm0cOqiPnIa3YZxk6z6mmqd43y1bVyoWWwZ5DGeZq9s2v3iAiSUBDRTiWsmtbsXJTLBQjnGalXiJpjMkYD2lXY4gDKt00PyBDp9oZID8S+oUK5e7viRQHUk4CT3cGWI3kYm1q/lfrJsq/clMWxomiIZkt8hOOVISmaaABE5QoPtGAiWD6r4iMsMBE6cxKOgR78eRlcGpV26radxflxvU8jiIcwwlUwIZLaMAtNKEFBDJ4hld4M56MF+Pd+Ji1Foz5zCH8kfH5AySfk4k=</latexit><latexit sha1_base64="jkN0p6+k3b5ETaw9lRL3pIHqPrs=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRagIJSmCbgpFNy4r2LTQxjKZTtqhkwszE6GEbHwVNy4UcetjuPNtnKZdaOsPAx//OYcz5/dizqSyrG+jsLK6tr5R3Cxtbe/s7pn7B46MEkFoi0Q8Eh0PS8pZSFuKKU47saA48Dhte+Obab39SIVkUXivJjF1AzwMmc8IVtrqm0cOqiPnIa3YZxk6z6mmqd43y1bVyoWWwZ5DGeZq9s2v3iAiSUBDRTiWsmtbsXJTLBQjnGalXiJpjMkYD2lXY4gDKt00PyBDp9oZID8S+oUK5e7viRQHUk4CT3cGWI3kYm1q/lfrJsq/clMWxomiIZkt8hOOVISmaaABE5QoPtGAiWD6r4iMsMBE6cxKOgR78eRlcGpV26radxflxvU8jiIcwwlUwIZLaMAtNKEFBDJ4hld4M56MF+Pd+Ji1Foz5zCH8kfH5AySfk4k=</latexit><latexit sha1_base64="jkN0p6+k3b5ETaw9lRL3pIHqPrs=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRagIJSmCbgpFNy4r2LTQxjKZTtqhkwszE6GEbHwVNy4UcetjuPNtnKZdaOsPAx//OYcz5/dizqSyrG+jsLK6tr5R3Cxtbe/s7pn7B46MEkFoi0Q8Eh0PS8pZSFuKKU47saA48Dhte+Obab39SIVkUXivJjF1AzwMmc8IVtrqm0cOqiPnIa3YZxk6z6mmqd43y1bVyoWWwZ5DGeZq9s2v3iAiSUBDRTiWsmtbsXJTLBQjnGalXiJpjMkYD2lXY4gDKt00PyBDp9oZID8S+oUK5e7viRQHUk4CT3cGWI3kYm1q/lfrJsq/clMWxomiIZkt8hOOVISmaaABE5QoPtGAiWD6r4iMsMBE6cxKOgR78eRlcGpV26radxflxvU8jiIcwwlUwIZLaMAtNKEFBDJ4hld4M56MF+Pd+Ji1Foz5zCH8kfH5AySfk4k=</latexit>

dV(1)



Conditions of Equilibrium
Mechanical

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>

Since dN is 0

for both subsystems

=) T1 = T2
<latexit sha1_base64="CAmIy9s2VP1U61/ujnhPOfHJFuw=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqswUQTdC0Y3LCn1BOwyZ9E4bmmSGJCOW0l9x40IRt/6IO//GtJ2Fth5IOJxzL/feE6WcaeN5305hY3Nre6e4W9rbPzg8co/LbZ1kikKLJjxR3Yho4ExCyzDDoZsqICLi0InGd3O/8whKs0Q2zSSFQJChZDGjxFgpdMt9Juwc0LgZ+vjG/rXQrXhVbwG8TvycVFCORuh+9QcJzQRIQznRuud7qQmmRBlGOcxK/UxDSuiYDKFnqSQCdDBd7D7D51YZ4DhR9kmDF+rvjikRWk9EZCsFMSO96s3F/7xeZuLrYMpkmhmQdDkozjg2CZ4HgQdMATV8YgmhitldMR0RRaixcZVsCP7qyeukXav6XtV/uKzUb/M4iugUnaEL5KMrVEf3qIFaiKIn9Ixe0Zszc16cd+djWVpw8p4T9AfO5w/6fpMU</latexit><latexit sha1_base64="CAmIy9s2VP1U61/ujnhPOfHJFuw=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqswUQTdC0Y3LCn1BOwyZ9E4bmmSGJCOW0l9x40IRt/6IO//GtJ2Fth5IOJxzL/feE6WcaeN5305hY3Nre6e4W9rbPzg8co/LbZ1kikKLJjxR3Yho4ExCyzDDoZsqICLi0InGd3O/8whKs0Q2zSSFQJChZDGjxFgpdMt9Juwc0LgZ+vjG/rXQrXhVbwG8TvycVFCORuh+9QcJzQRIQznRuud7qQmmRBlGOcxK/UxDSuiYDKFnqSQCdDBd7D7D51YZ4DhR9kmDF+rvjikRWk9EZCsFMSO96s3F/7xeZuLrYMpkmhmQdDkozjg2CZ4HgQdMATV8YgmhitldMR0RRaixcZVsCP7qyeukXav6XtV/uKzUb/M4iugUnaEL5KMrVEf3qIFaiKIn9Ixe0Zszc16cd+djWVpw8p4T9AfO5w/6fpMU</latexit><latexit sha1_base64="CAmIy9s2VP1U61/ujnhPOfHJFuw=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqswUQTdC0Y3LCn1BOwyZ9E4bmmSGJCOW0l9x40IRt/6IO//GtJ2Fth5IOJxzL/feE6WcaeN5305hY3Nre6e4W9rbPzg8co/LbZ1kikKLJjxR3Yho4ExCyzDDoZsqICLi0InGd3O/8whKs0Q2zSSFQJChZDGjxFgpdMt9Juwc0LgZ+vjG/rXQrXhVbwG8TvycVFCORuh+9QcJzQRIQznRuud7qQmmRBlGOcxK/UxDSuiYDKFnqSQCdDBd7D7D51YZ4DhR9kmDF+rvjikRWk9EZCsFMSO96s3F/7xeZuLrYMpkmhmQdDkozjg2CZ4HgQdMATV8YgmhitldMR0RRaixcZVsCP7qyeukXav6XtV/uKzUb/M4iugUnaEL5KMrVEf3qIFaiKIn9Ixe0Zszc16cd+djWVpw8p4T9AfO5w/6fpMU</latexit><latexit sha1_base64="CAmIy9s2VP1U61/ujnhPOfHJFuw=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqswUQTdC0Y3LCn1BOwyZ9E4bmmSGJCOW0l9x40IRt/6IO//GtJ2Fth5IOJxzL/feE6WcaeN5305hY3Nre6e4W9rbPzg8co/LbZ1kikKLJjxR3Yho4ExCyzDDoZsqICLi0InGd3O/8whKs0Q2zSSFQJChZDGjxFgpdMt9Juwc0LgZ+vjG/rXQrXhVbwG8TvycVFCORuh+9QcJzQRIQznRuud7qQmmRBlGOcxK/UxDSuiYDKFnqSQCdDBd7D7D51YZ4DhR9kmDF+rvjikRWk9EZCsFMSO96s3F/7xeZuLrYMpkmhmQdDkozjg2CZ4HgQdMATV8YgmhitldMR0RRaixcZVsCP7qyeukXav6XtV/uKzUb/M4iugUnaEL5KMrVEf3qIFaiKIn9Ixe0Zszc16cd+djWVpw8p4T9AfO5w/6fpMU</latexit>

Thus, the heat flow and volume change would stop when the two temperatures as 
well as pressures are equal.

p1 = p2
<latexit sha1_base64="Z/gBT/q6/EeJDBHtIpQEH3e21jg=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktgl6EohePFeyHtMuSTbNtaJINSVYopb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMixVnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLZNmmtAmSXmqOzE2lDNJm5ZZTjtKUyxiTtvx6Hbmt5+oNiyVD3asaCjwQLKEEWyd9KiiAF0jFdWicsWv+nOgVRLkpAI5GlH5q9dPSSaotIRjY7qBr2w4wdoywum01MsMVZiM8IB2HZVYUBNO5gdP0ZlT+ihJtStp0Vz9PTHBwpixiF2nwHZolr2Z+J/XzWxyFU6YVJmlkiwWJRlHNkWz71GfaUosHzuCiWbuVkSGWGNiXUYlF0Kw/PIqadWqgV8N7i8q9Zs8jiKcwCmcQwCXUIc7aEATCAh4hld487T34r17H4vWgpfPHMMfeJ8/KWaPUg==</latexit><latexit sha1_base64="Z/gBT/q6/EeJDBHtIpQEH3e21jg=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktgl6EohePFeyHtMuSTbNtaJINSVYopb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMixVnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLZNmmtAmSXmqOzE2lDNJm5ZZTjtKUyxiTtvx6Hbmt5+oNiyVD3asaCjwQLKEEWyd9KiiAF0jFdWicsWv+nOgVRLkpAI5GlH5q9dPSSaotIRjY7qBr2w4wdoywum01MsMVZiM8IB2HZVYUBNO5gdP0ZlT+ihJtStp0Vz9PTHBwpixiF2nwHZolr2Z+J/XzWxyFU6YVJmlkiwWJRlHNkWz71GfaUosHzuCiWbuVkSGWGNiXUYlF0Kw/PIqadWqgV8N7i8q9Zs8jiKcwCmcQwCXUIc7aEATCAh4hld487T34r17H4vWgpfPHMMfeJ8/KWaPUg==</latexit><latexit sha1_base64="Z/gBT/q6/EeJDBHtIpQEH3e21jg=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktgl6EohePFeyHtMuSTbNtaJINSVYopb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMixVnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLZNmmtAmSXmqOzE2lDNJm5ZZTjtKUyxiTtvx6Hbmt5+oNiyVD3asaCjwQLKEEWyd9KiiAF0jFdWicsWv+nOgVRLkpAI5GlH5q9dPSSaotIRjY7qBr2w4wdoywum01MsMVZiM8IB2HZVYUBNO5gdP0ZlT+ihJtStp0Vz9PTHBwpixiF2nwHZolr2Z+J/XzWxyFU6YVJmlkiwWJRlHNkWz71GfaUosHzuCiWbuVkSGWGNiXUYlF0Kw/PIqadWqgV8N7i8q9Zs8jiKcwCmcQwCXUIc7aEATCAh4hld487T34r17H4vWgpfPHMMfeJ8/KWaPUg==</latexit><latexit sha1_base64="Z/gBT/q6/EeJDBHtIpQEH3e21jg=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktgl6EohePFeyHtMuSTbNtaJINSVYopb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMixVnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLZNmmtAmSXmqOzE2lDNJm5ZZTjtKUyxiTtvx6Hbmt5+oNiyVD3asaCjwQLKEEWyd9KiiAF0jFdWicsWv+nOgVRLkpAI5GlH5q9dPSSaotIRjY7qBr2w4wdoywum01MsMVZiM8IB2HZVYUBNO5gdP0ZlT+ihJtStp0Vz9PTHBwpixiF2nwHZolr2Z+J/XzWxyFU6YVJmlkiwWJRlHNkWz71GfaUosHzuCiWbuVkSGWGNiXUYlF0Kw/PIqadWqgV8N7i8q9Zs8jiKcwCmcQwCXUIc7aEATCAh4hld487T34r17H4vWgpfPHMMfeJ8/KWaPUg==</latexit>

And

=

✓
1

T1
� 1

T2

◆
dU (1) +

✓
p1
T1

� p2
T2

◆
dV (1) = 0

<latexit sha1_base64="AbSFap+1XOOyOA9kLAXQbbUOK24="></latexit><latexit sha1_base64="AbSFap+1XOOyOA9kLAXQbbUOK24="></latexit><latexit sha1_base64="AbSFap+1XOOyOA9kLAXQbbUOK24="></latexit><latexit sha1_base64="AbSFap+1XOOyOA9kLAXQbbUOK24="></latexit>

Direction of movement of partition is from high pressure side to low pressure side.



Conditions of Equilibrium
Matter Flow

Consider a closed system with a rigid and diathermal partition separating two 
subsystems 1 and 2, permeable only to molecules of species 1.

Under what conditions would 
no heat flow and no transfer of 
species 1 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

V, V(i),N2(i),N3(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 inifinitesimal 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), 
N1(1),N2(1),…

U(2),V(2), 
N1(2),N2(2),…

dU
ConstantN1 = N (1)

1 +N (2)
1 =

<latexit sha1_base64="QZ+JGxvK7vjXVQHciWU5/BRMtnc=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEiVIQyKYJuCkU3rqSCvUA7Dpk004ZmMkOSEcrQlRtfxY0LRdz6DO58G9N2Ftp6IOHj/88hOb8fc6a043xbuaXlldW1/HphY3Nre8fe3WuqKJGENkjEI9n2saKcCdrQTHPajiXFoc9pyx9eTfzWA5WKReJOj2LqhrgvWMAI1kby7MMbD8EqNPd9WkInY3iaccVw1bOLTtmZFlwElEERZFX37K9uLyJJSIUmHCvVQU6s3RRLzQin40I3UTTGZIj7tGNQ4JAqN52uMYbHRunBIJLmCA2n6u+JFIdKjULfdIZYD9S8NxH/8zqJDi7clIk40VSQ2UNBwqGO4CQT2GOSEs1HBjCRzPwVkgGWmGiTXMGEgOZXXoRmpYycMro9K9Yuszjy4AAcgRJA4BzUwDWogwYg4BE8g1fwZj1ZL9a79TFrzVnZzD74U9bnD5aDlV0=</latexit><latexit sha1_base64="QZ+JGxvK7vjXVQHciWU5/BRMtnc=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEiVIQyKYJuCkU3rqSCvUA7Dpk004ZmMkOSEcrQlRtfxY0LRdz6DO58G9N2Ftp6IOHj/88hOb8fc6a043xbuaXlldW1/HphY3Nre8fe3WuqKJGENkjEI9n2saKcCdrQTHPajiXFoc9pyx9eTfzWA5WKReJOj2LqhrgvWMAI1kby7MMbD8EqNPd9WkInY3iaccVw1bOLTtmZFlwElEERZFX37K9uLyJJSIUmHCvVQU6s3RRLzQin40I3UTTGZIj7tGNQ4JAqN52uMYbHRunBIJLmCA2n6u+JFIdKjULfdIZYD9S8NxH/8zqJDi7clIk40VSQ2UNBwqGO4CQT2GOSEs1HBjCRzPwVkgGWmGiTXMGEgOZXXoRmpYycMro9K9Yuszjy4AAcgRJA4BzUwDWogwYg4BE8g1fwZj1ZL9a79TFrzVnZzD74U9bnD5aDlV0=</latexit><latexit sha1_base64="QZ+JGxvK7vjXVQHciWU5/BRMtnc=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEiVIQyKYJuCkU3rqSCvUA7Dpk004ZmMkOSEcrQlRtfxY0LRdz6DO58G9N2Ftp6IOHj/88hOb8fc6a043xbuaXlldW1/HphY3Nre8fe3WuqKJGENkjEI9n2saKcCdrQTHPajiXFoc9pyx9eTfzWA5WKReJOj2LqhrgvWMAI1kby7MMbD8EqNPd9WkInY3iaccVw1bOLTtmZFlwElEERZFX37K9uLyJJSIUmHCvVQU6s3RRLzQin40I3UTTGZIj7tGNQ4JAqN52uMYbHRunBIJLmCA2n6u+JFIdKjULfdIZYD9S8NxH/8zqJDi7clIk40VSQ2UNBwqGO4CQT2GOSEs1HBjCRzPwVkgGWmGiTXMGEgOZXXoRmpYycMro9K9Yuszjy4AAcgRJA4BzUwDWogwYg4BE8g1fwZj1ZL9a79TFrzVnZzD74U9bnD5aDlV0=</latexit><latexit sha1_base64="QZ+JGxvK7vjXVQHciWU5/BRMtnc=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEiVIQyKYJuCkU3rqSCvUA7Dpk004ZmMkOSEcrQlRtfxY0LRdz6DO58G9N2Ftp6IOHj/88hOb8fc6a043xbuaXlldW1/HphY3Nre8fe3WuqKJGENkjEI9n2saKcCdrQTHPajiXFoc9pyx9eTfzWA5WKReJOj2LqhrgvWMAI1kby7MMbD8EqNPd9WkInY3iaccVw1bOLTtmZFlwElEERZFX37K9uLyJJSIUmHCvVQU6s3RRLzQin40I3UTTGZIj7tGNQ4JAqN52uMYbHRunBIJLmCA2n6u+JFIdKjULfdIZYD9S8NxH/8zqJDi7clIk40VSQ2UNBwqGO4CQT2GOSEs1HBjCRzPwVkgGWmGiTXMGEgOZXXoRmpYycMro9K9Yuszjy4AAcgRJA4BzUwDWogwYg4BE8g1fwZj1ZL9a79TFrzVnZzD74U9bnD5aDlV0=</latexit>

dN1



Conditions of Equilibrium
Matter Flow

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>

Since dN is 0

for both subsystems

=) T1 = T2
<latexit sha1_base64="CAmIy9s2VP1U61/ujnhPOfHJFuw=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqswUQTdC0Y3LCn1BOwyZ9E4bmmSGJCOW0l9x40IRt/6IO//GtJ2Fth5IOJxzL/feE6WcaeN5305hY3Nre6e4W9rbPzg8co/LbZ1kikKLJjxR3Yho4ExCyzDDoZsqICLi0InGd3O/8whKs0Q2zSSFQJChZDGjxFgpdMt9Juwc0LgZ+vjG/rXQrXhVbwG8TvycVFCORuh+9QcJzQRIQznRuud7qQmmRBlGOcxK/UxDSuiYDKFnqSQCdDBd7D7D51YZ4DhR9kmDF+rvjikRWk9EZCsFMSO96s3F/7xeZuLrYMpkmhmQdDkozjg2CZ4HgQdMATV8YgmhitldMR0RRaixcZVsCP7qyeukXav6XtV/uKzUb/M4iugUnaEL5KMrVEf3qIFaiKIn9Ixe0Zszc16cd+djWVpw8p4T9AfO5w/6fpMU</latexit><latexit sha1_base64="CAmIy9s2VP1U61/ujnhPOfHJFuw=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqswUQTdC0Y3LCn1BOwyZ9E4bmmSGJCOW0l9x40IRt/6IO//GtJ2Fth5IOJxzL/feE6WcaeN5305hY3Nre6e4W9rbPzg8co/LbZ1kikKLJjxR3Yho4ExCyzDDoZsqICLi0InGd3O/8whKs0Q2zSSFQJChZDGjxFgpdMt9Juwc0LgZ+vjG/rXQrXhVbwG8TvycVFCORuh+9QcJzQRIQznRuud7qQmmRBlGOcxK/UxDSuiYDKFnqSQCdDBd7D7D51YZ4DhR9kmDF+rvjikRWk9EZCsFMSO96s3F/7xeZuLrYMpkmhmQdDkozjg2CZ4HgQdMATV8YgmhitldMR0RRaixcZVsCP7qyeukXav6XtV/uKzUb/M4iugUnaEL5KMrVEf3qIFaiKIn9Ixe0Zszc16cd+djWVpw8p4T9AfO5w/6fpMU</latexit><latexit sha1_base64="CAmIy9s2VP1U61/ujnhPOfHJFuw=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqswUQTdC0Y3LCn1BOwyZ9E4bmmSGJCOW0l9x40IRt/6IO//GtJ2Fth5IOJxzL/feE6WcaeN5305hY3Nre6e4W9rbPzg8co/LbZ1kikKLJjxR3Yho4ExCyzDDoZsqICLi0InGd3O/8whKs0Q2zSSFQJChZDGjxFgpdMt9Juwc0LgZ+vjG/rXQrXhVbwG8TvycVFCORuh+9QcJzQRIQznRuud7qQmmRBlGOcxK/UxDSuiYDKFnqSQCdDBd7D7D51YZ4DhR9kmDF+rvjikRWk9EZCsFMSO96s3F/7xeZuLrYMpkmhmQdDkozjg2CZ4HgQdMATV8YgmhitldMR0RRaixcZVsCP7qyeukXav6XtV/uKzUb/M4iugUnaEL5KMrVEf3qIFaiKIn9Ixe0Zszc16cd+djWVpw8p4T9AfO5w/6fpMU</latexit><latexit sha1_base64="CAmIy9s2VP1U61/ujnhPOfHJFuw=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqswUQTdC0Y3LCn1BOwyZ9E4bmmSGJCOW0l9x40IRt/6IO//GtJ2Fth5IOJxzL/feE6WcaeN5305hY3Nre6e4W9rbPzg8co/LbZ1kikKLJjxR3Yho4ExCyzDDoZsqICLi0InGd3O/8whKs0Q2zSSFQJChZDGjxFgpdMt9Juwc0LgZ+vjG/rXQrXhVbwG8TvycVFCORuh+9QcJzQRIQznRuud7qQmmRBlGOcxK/UxDSuiYDKFnqSQCdDBd7D7D51YZ4DhR9kmDF+rvjikRWk9EZCsFMSO96s3F/7xeZuLrYMpkmhmQdDkozjg2CZ4HgQdMATV8YgmhitldMR0RRaixcZVsCP7qyeukXav6XtV/uKzUb/M4iugUnaEL5KMrVEf3qIFaiKIn9Ixe0Zszc16cd+djWVpw8p4T9AfO5w/6fpMU</latexit>

Thus, the heat flow and N1 change would stop when the two temperatures as well 
as corresponding electrochemical potentials are equal.

And

=

✓
1

T1
� 1

T2

◆
dU (1) �

✓
µ1

T1
� µ2

T2

◆
dN (1)

1 = 0
<latexit sha1_base64="GkY9vdYIW7vq2+f1dQlrSf3jVoE="></latexit><latexit sha1_base64="GkY9vdYIW7vq2+f1dQlrSf3jVoE="></latexit><latexit sha1_base64="GkY9vdYIW7vq2+f1dQlrSf3jVoE="></latexit><latexit sha1_base64="GkY9vdYIW7vq2+f1dQlrSf3jVoE="></latexit>

µ1 = µ2
<latexit sha1_base64="jkfX//3BailNfpwlBNt/PEiPUz0=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqswUQTdC0Y3LCvYB7VAyaaYNTTLTJFMoQ7/DjQtF3Pox7vwbM+0stPXA5R7OuZfcnCDmTBvX/XYKG5tb2zvF3dLe/sHhUfn4pKWjRBHaJBGPVCfAmnImadMww2knVhSLgNN2ML7P/PaUKs0i+WRmMfUFHkoWMoKNlfyeSPoeukVZr/XLFbfqLoDWiZeTCuRo9MtfvUFEEkGlIRxr3fXc2PgpVoYRTuelXqJpjMkYD2nXUokF1X66OHqOLqwyQGGkbEmDFurvjRQLrWcisJMCm5Fe9TLxP6+bmPDGT5mME0MlWT4UJhyZCGUJoAFTlBg+swQTxeytiIywwsTYnEo2BG/1y+ukVat6btV7vKrU7/I4inAG53AJHlxDHR6gAU0gMIFneIU3Z+q8OO/Ox3K04OQ7p/AHzucPPMuRFg==</latexit><latexit sha1_base64="jkfX//3BailNfpwlBNt/PEiPUz0=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqswUQTdC0Y3LCvYB7VAyaaYNTTLTJFMoQ7/DjQtF3Pox7vwbM+0stPXA5R7OuZfcnCDmTBvX/XYKG5tb2zvF3dLe/sHhUfn4pKWjRBHaJBGPVCfAmnImadMww2knVhSLgNN2ML7P/PaUKs0i+WRmMfUFHkoWMoKNlfyeSPoeukVZr/XLFbfqLoDWiZeTCuRo9MtfvUFEEkGlIRxr3fXc2PgpVoYRTuelXqJpjMkYD2nXUokF1X66OHqOLqwyQGGkbEmDFurvjRQLrWcisJMCm5Fe9TLxP6+bmPDGT5mME0MlWT4UJhyZCGUJoAFTlBg+swQTxeytiIywwsTYnEo2BG/1y+ukVat6btV7vKrU7/I4inAG53AJHlxDHR6gAU0gMIFneIU3Z+q8OO/Ox3K04OQ7p/AHzucPPMuRFg==</latexit><latexit sha1_base64="jkfX//3BailNfpwlBNt/PEiPUz0=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqswUQTdC0Y3LCvYB7VAyaaYNTTLTJFMoQ7/DjQtF3Pox7vwbM+0stPXA5R7OuZfcnCDmTBvX/XYKG5tb2zvF3dLe/sHhUfn4pKWjRBHaJBGPVCfAmnImadMww2knVhSLgNN2ML7P/PaUKs0i+WRmMfUFHkoWMoKNlfyeSPoeukVZr/XLFbfqLoDWiZeTCuRo9MtfvUFEEkGlIRxr3fXc2PgpVoYRTuelXqJpjMkYD2nXUokF1X66OHqOLqwyQGGkbEmDFurvjRQLrWcisJMCm5Fe9TLxP6+bmPDGT5mME0MlWT4UJhyZCGUJoAFTlBg+swQTxeytiIywwsTYnEo2BG/1y+ukVat6btV7vKrU7/I4inAG53AJHlxDHR6gAU0gMIFneIU3Z+q8OO/Ox3K04OQ7p/AHzucPPMuRFg==</latexit><latexit sha1_base64="jkfX//3BailNfpwlBNt/PEiPUz0=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqswUQTdC0Y3LCvYB7VAyaaYNTTLTJFMoQ7/DjQtF3Pox7vwbM+0stPXA5R7OuZfcnCDmTBvX/XYKG5tb2zvF3dLe/sHhUfn4pKWjRBHaJBGPVCfAmnImadMww2knVhSLgNN2ML7P/PaUKs0i+WRmMfUFHkoWMoKNlfyeSPoeukVZr/XLFbfqLoDWiZeTCuRo9MtfvUFEEkGlIRxr3fXc2PgpVoYRTuelXqJpjMkYD2nXUokF1X66OHqOLqwyQGGkbEmDFurvjRQLrWcisJMCm5Fe9TLxP6+bmPDGT5mME0MlWT4UJhyZCGUJoAFTlBg+swQTxeytiIywwsTYnEo2BG/1y+ukVat6btV7vKrU7/I4inAG53AJHlxDHR6gAU0gMIFneIU3Z+q8OO/Ox3K04OQ7p/AHzucPPMuRFg==</latexit>

Direction of transfer of species 1 is from chemical potential to low chemical 
potential.



Conditions of Equilibrium
Matter Flow: An application to Chemical Equilibrium

Consider a chemical reaction at equilibrium
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where the     are stoichiometric coefficients bearing negative signs for reactants and 
positive for products
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For a virtual chemical process involving transfer of infinitesimal amount of reactants 
to products
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This equation along with the equation of state 
of the mixture and overall mole constraints of 
constituents can yield the equilibrium 
distribution of moles of various species in the 
mixtures

dS = �
X

j

µj

T
dNj

<latexit sha1_base64="lWa2F7iRiHi/raWJJZnttzok04c=">AAACEnicbVDLSsNAFJ34rPUVdelmsAi6sCQi6EYounElFfuCJoTJZNJOO5OEmYlQQr7Bjb/ixoUibl2582+ctllo64ELh3Pu5d57/IRRqSzr21hYXFpeWS2tldc3Nre2zZ3dloxTgUkTxywWHR9JwmhEmooqRjqJIIj7jLT94fXYbz8QIWkcNdQoIS5HvYiGFCOlJc88Du7hJTxxZModRjlV0htAJxQIZw5PvUGeNXIY3GrRMytW1ZoAzhO7IBVQoO6ZX04Q45STSGGGpOzaVqLcDAlFMSN52UklSRAeoh7pahohTqSbTV7K4aFWAhjGQlek4ET9PZEhLuWI+7qTI9WXs95Y/M/rpiq8cDMaJakiEZ4uClMGVQzH+cCACoIVG2mCsKD6Voj7SOehdIplHYI9+/I8aZ1Wbatq351ValdFHCWwDw7AEbDBOaiBG1AHTYDBI3gGr+DNeDJejHfjY9q6YBQze+APjM8fL8qdLA==</latexit><latexit sha1_base64="lWa2F7iRiHi/raWJJZnttzok04c=">AAACEnicbVDLSsNAFJ34rPUVdelmsAi6sCQi6EYounElFfuCJoTJZNJOO5OEmYlQQr7Bjb/ixoUibl2582+ctllo64ELh3Pu5d57/IRRqSzr21hYXFpeWS2tldc3Nre2zZ3dloxTgUkTxywWHR9JwmhEmooqRjqJIIj7jLT94fXYbz8QIWkcNdQoIS5HvYiGFCOlJc88Du7hJTxxZModRjlV0htAJxQIZw5PvUGeNXIY3GrRMytW1ZoAzhO7IBVQoO6ZX04Q45STSGGGpOzaVqLcDAlFMSN52UklSRAeoh7pahohTqSbTV7K4aFWAhjGQlek4ET9PZEhLuWI+7qTI9WXs95Y/M/rpiq8cDMaJakiEZ4uClMGVQzH+cCACoIVG2mCsKD6Voj7SOehdIplHYI9+/I8aZ1Wbatq351ValdFHCWwDw7AEbDBOaiBG1AHTYDBI3gGr+DNeDJejHfjY9q6YBQze+APjM8fL8qdLA==</latexit><latexit sha1_base64="lWa2F7iRiHi/raWJJZnttzok04c=">AAACEnicbVDLSsNAFJ34rPUVdelmsAi6sCQi6EYounElFfuCJoTJZNJOO5OEmYlQQr7Bjb/ixoUibl2582+ctllo64ELh3Pu5d57/IRRqSzr21hYXFpeWS2tldc3Nre2zZ3dloxTgUkTxywWHR9JwmhEmooqRjqJIIj7jLT94fXYbz8QIWkcNdQoIS5HvYiGFCOlJc88Du7hJTxxZModRjlV0htAJxQIZw5PvUGeNXIY3GrRMytW1ZoAzhO7IBVQoO6ZX04Q45STSGGGpOzaVqLcDAlFMSN52UklSRAeoh7pahohTqSbTV7K4aFWAhjGQlek4ET9PZEhLuWI+7qTI9WXs95Y/M/rpiq8cDMaJakiEZ4uClMGVQzH+cCACoIVG2mCsKD6Voj7SOehdIplHYI9+/I8aZ1Wbatq351ValdFHCWwDw7AEbDBOaiBG1AHTYDBI3gGr+DNeDJejHfjY9q6YBQze+APjM8fL8qdLA==</latexit><latexit sha1_base64="lWa2F7iRiHi/raWJJZnttzok04c=">AAACEnicbVDLSsNAFJ34rPUVdelmsAi6sCQi6EYounElFfuCJoTJZNJOO5OEmYlQQr7Bjb/ixoUibl2582+ctllo64ELh3Pu5d57/IRRqSzr21hYXFpeWS2tldc3Nre2zZ3dloxTgUkTxywWHR9JwmhEmooqRjqJIIj7jLT94fXYbz8QIWkcNdQoIS5HvYiGFCOlJc88Du7hJTxxZModRjlV0htAJxQIZw5PvUGeNXIY3GrRMytW1ZoAzhO7IBVQoO6ZX04Q45STSGGGpOzaVqLcDAlFMSN52UklSRAeoh7pahohTqSbTV7K4aFWAhjGQlek4ET9PZEhLuWI+7qTI9WXs95Y/M/rpiq8cDMaJakiEZ4uClMGVQzH+cCACoIVG2mCsKD6Voj7SOehdIplHYI9+/I8aZ1Wbatq351ValdFHCWwDw7AEbDBOaiBG1AHTYDBI3gGr+DNeDJejHfjY9q6YBQze+APjM8fL8qdLA==</latexit>

= 0
<latexit sha1_base64="Rh8XaEFVQHdhx+yqLK5EbANfOaY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPVwTt1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdQgI0l</latexit><latexit sha1_base64="Rh8XaEFVQHdhx+yqLK5EbANfOaY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPVwTt1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdQgI0l</latexit><latexit sha1_base64="Rh8XaEFVQHdhx+yqLK5EbANfOaY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPVwTt1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdQgI0l</latexit><latexit sha1_base64="Rh8XaEFVQHdhx+yqLK5EbANfOaY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPVwTt1+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wdQgI0l</latexit> At equilibrium

<latexit sha1_base64="lyMVCuh1u93OG+DSab3fFSeSc30=">AAACGXicbVDLSgMxFM34rPVVdekmWAQ3lhkRdSMU3biSCn1Bp5RMJtNGk8yQ3BHKML/hxl9x40IRl7ryb0wfC60eyOVwzr3c3BMkghtw3S9nbn5hcWm5sFJcXVvf2CxtbTdNnGrKGjQWsW4HxDDBFWsAB8HaiWZEBoK1grvLkd+6Z9rwWNVhmLCuJH3FI04JWKlXcs/xoR9pQrPQBy5Cll3neVbPfZNKX3DJwfRusS/TUVW29kplt+KOgf8Sb0rKaIpar/ThhzFNJVNABTGm47kJdDOigVPB8qKfGpYQekf6rGOpIpKZbja+LMf7VglxFGv7FOCx+nMiI9KYoQxspyQwMLPeSPzP66QQnXUzrpIUmKKTRVEqMMR4FBMOuWYUxNASQjW3f8V0QGxOYMMs2hC82ZP/kuZRxTupeDfH5erFNI4C2kV76AB56BRV0RWqoQai6AE9oRf06jw6z86b8z5pnXOmMzvoF5zPb1Y2oSY=</latexit>

= �dÑ

T

X

j

µj⌫j
<latexit sha1_base64="8QKKfLEQbYvIM955LgRjemUn89Y=">AAACAXicbVDLSgMxFL1TX7W+Rt0IboJFqJsyI6JuhKIbV6WCfUBnKJlM2sZmMkOSEcpQN/6KGxeKuPUv3Pk3po+FVg9c7uGce0nuCRLOlHacLyu3sLi0vJJfLaytb2xu2ds7DRWnktA6iXksWwFWlDNB65ppTluJpDgKOG0Gg6ux37ynUrFY3OphQv0I9wTrMoK1kTr2Ximsdu7QhSdS00JPMx7SrDo66thFp+xMgP4Sd0aKMEOtY396YUzSiApNOFaq7TqJ9jMsNSOcjgpeqmiCyQD3aNtQgSOq/GxywQgdGiVE3ViaEhpN1J8bGY6UGkaBmYyw7qt5byz+57VT3T33MyaSVFNBpg91U450jMZxoJBJSjQfGoKJZOaviPSxxESb0AomBHf+5L+kcVx2T8vuzUmxcjmLIw/7cAAlcOEMKnANNagDgQd4ghd4tR6tZ+vNep+O5qzZzi78gvXxDRnjlgo=</latexit>

(dNj = ⌫jdÑ)



Equilibrium Relations
The Euler Equation

Given the homogenous first-order property of the fundamental relation, we can 
represent that equation in the Euler form.

U� ⌘ U(�S,�X1,�X2, ...,�Xt) = �U(S,X1, X2, ..., Xt)
<latexit sha1_base64="QZl7ACUQjZtqHZXHEeUcL45G8vs="></latexit><latexit sha1_base64="QZl7ACUQjZtqHZXHEeUcL45G8vs="></latexit><latexit sha1_base64="QZl7ACUQjZtqHZXHEeUcL45G8vs="></latexit><latexit sha1_base64="QZl7ACUQjZtqHZXHEeUcL45G8vs="></latexit>

Consider the energetic fundamental relation

�
<latexit sha1_base64="/JI5iynvNWOEKZjLq6ujHWhdsHw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXRjcsK9gFtKJPJpB06mYSZG6GEfoQbF4q49Xvc+TdO2yy09cDA4ZxzmXtPkEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pmCTTjLdZIhPdC6jhUijeRoGS91LNaRxI3g0md3O/+8S1EYl6xGnK/ZiOlIgEo2il7kDaaEiH1Zpbdxcg68QrSA0KtIbVr0GYsCzmCpmkxvQ9N0U/pxoFk3xWGWSGp5RN6Ij3LVU05sbPF+vOyIVVQhIl2j6FZKH+nshpbMw0Dmwypjg2q95c/M/rZxjd+LlQaYZcseVHUSYJJmR+OwmF5gzl1BLKtLC7EjammjK0DVVsCd7qyeukc1X33Lr3cF1r3hZ1lOEMzuESPGhAE+6hBW1gMIFneIU3J3VenHfnYxktOcXMKfyB8/kDPMWPfQ==</latexit><latexit sha1_base64="/JI5iynvNWOEKZjLq6ujHWhdsHw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXRjcsK9gFtKJPJpB06mYSZG6GEfoQbF4q49Xvc+TdO2yy09cDA4ZxzmXtPkEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pmCTTjLdZIhPdC6jhUijeRoGS91LNaRxI3g0md3O/+8S1EYl6xGnK/ZiOlIgEo2il7kDaaEiH1Zpbdxcg68QrSA0KtIbVr0GYsCzmCpmkxvQ9N0U/pxoFk3xWGWSGp5RN6Ij3LVU05sbPF+vOyIVVQhIl2j6FZKH+nshpbMw0Dmwypjg2q95c/M/rZxjd+LlQaYZcseVHUSYJJmR+OwmF5gzl1BLKtLC7EjammjK0DVVsCd7qyeukc1X33Lr3cF1r3hZ1lOEMzuESPGhAE+6hBW1gMIFneIU3J3VenHfnYxktOcXMKfyB8/kDPMWPfQ==</latexit><latexit sha1_base64="/JI5iynvNWOEKZjLq6ujHWhdsHw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXRjcsK9gFtKJPJpB06mYSZG6GEfoQbF4q49Xvc+TdO2yy09cDA4ZxzmXtPkEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pmCTTjLdZIhPdC6jhUijeRoGS91LNaRxI3g0md3O/+8S1EYl6xGnK/ZiOlIgEo2il7kDaaEiH1Zpbdxcg68QrSA0KtIbVr0GYsCzmCpmkxvQ9N0U/pxoFk3xWGWSGp5RN6Ij3LVU05sbPF+vOyIVVQhIl2j6FZKH+nshpbMw0Dmwypjg2q95c/M/rZxjd+LlQaYZcseVHUSYJJmR+OwmF5gzl1BLKtLC7EjammjK0DVVsCd7qyeukc1X33Lr3cF1r3hZ1lOEMzuESPGhAE+6hBW1gMIFneIU3J3VenHfnYxktOcXMKfyB8/kDPMWPfQ==</latexit><latexit sha1_base64="/JI5iynvNWOEKZjLq6ujHWhdsHw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXRjcsK9gFtKJPJpB06mYSZG6GEfoQbF4q49Xvc+TdO2yy09cDA4ZxzmXtPkEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pmCTTjLdZIhPdC6jhUijeRoGS91LNaRxI3g0md3O/+8S1EYl6xGnK/ZiOlIgEo2il7kDaaEiH1Zpbdxcg68QrSA0KtIbVr0GYsCzmCpmkxvQ9N0U/pxoFk3xWGWSGp5RN6Ij3LVU05sbPF+vOyIVVQhIl2j6FZKH+nshpbMw0Dmwypjg2q95c/M/rZxjd+LlQaYZcseVHUSYJJmR+OwmF5gzl1BLKtLC7EjammjK0DVVsCd7qyeukc1X33Lr3cF1r3hZ1lOEMzuESPGhAE+6hBW1gMIFneIU3J3VenHfnYxktOcXMKfyB8/kDPMWPfQ==</latexit>

@U�

@�
=

@U�

@(�S)

@(�S)

@�
+

@U�

@(�X1)

@(�X1)

@�
+ · · ·

<latexit sha1_base64="8c+VH1A2RtEGcz1KjgI+9l2FCdw="></latexit><latexit sha1_base64="8c+VH1A2RtEGcz1KjgI+9l2FCdw="></latexit><latexit sha1_base64="8c+VH1A2RtEGcz1KjgI+9l2FCdw="></latexit><latexit sha1_base64="8c+VH1A2RtEGcz1KjgI+9l2FCdw="></latexit>

Differentiating with respect to 

= U(S,X1, X2, ..., Xt)
<latexit sha1_base64="Ea3lmP+0TmMrQX0VyxJn/gTZNrs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxChRKSIuhGKLpxWdG0hTaEyXTSDp08mLkRSu3CX3HjQhG3/oY7/8Zpm4W2HrjM4Zx7uXdOkAquwLa/jaXlldW19cJGcXNre2fX3NtvqCSTlLk0EYlsBUQxwWPmAgfBWqlkJAoEawaD64nffGBS8SS+h2HKvIj0Yh5ySkBLvnl4id3yXaXlO7qqFcuy9AunvlmyLXsKvEicnJRQjrpvfnW6Cc0iFgMVRKm2Y6fgjYgETgUbFzuZYimhA9JjbU1jEjHljab3j/GJVro4TKSuGPBU/T0xIpFSwyjQnRGBvpr3JuJ/XjuD8MIb8TjNgMV0tijMBIYET8LAXS4ZBTHUhFDJ9a2Y9okkFHRkRR2CM//lRdKoWo5tObdnpdpVHkcBHaFjVEYOOkc1dIPqyEUUPaJn9IrejCfjxXg3PmatS0Y+c4D+wPj8AVKzkxM=</latexit><latexit sha1_base64="Ea3lmP+0TmMrQX0VyxJn/gTZNrs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxChRKSIuhGKLpxWdG0hTaEyXTSDp08mLkRSu3CX3HjQhG3/oY7/8Zpm4W2HrjM4Zx7uXdOkAquwLa/jaXlldW19cJGcXNre2fX3NtvqCSTlLk0EYlsBUQxwWPmAgfBWqlkJAoEawaD64nffGBS8SS+h2HKvIj0Yh5ySkBLvnl4id3yXaXlO7qqFcuy9AunvlmyLXsKvEicnJRQjrpvfnW6Cc0iFgMVRKm2Y6fgjYgETgUbFzuZYimhA9JjbU1jEjHljab3j/GJVro4TKSuGPBU/T0xIpFSwyjQnRGBvpr3JuJ/XjuD8MIb8TjNgMV0tijMBIYET8LAXS4ZBTHUhFDJ9a2Y9okkFHRkRR2CM//lRdKoWo5tObdnpdpVHkcBHaFjVEYOOkc1dIPqyEUUPaJn9IrejCfjxXg3PmatS0Y+c4D+wPj8AVKzkxM=</latexit><latexit sha1_base64="Ea3lmP+0TmMrQX0VyxJn/gTZNrs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxChRKSIuhGKLpxWdG0hTaEyXTSDp08mLkRSu3CX3HjQhG3/oY7/8Zpm4W2HrjM4Zx7uXdOkAquwLa/jaXlldW19cJGcXNre2fX3NtvqCSTlLk0EYlsBUQxwWPmAgfBWqlkJAoEawaD64nffGBS8SS+h2HKvIj0Yh5ySkBLvnl4id3yXaXlO7qqFcuy9AunvlmyLXsKvEicnJRQjrpvfnW6Cc0iFgMVRKm2Y6fgjYgETgUbFzuZYimhA9JjbU1jEjHljab3j/GJVro4TKSuGPBU/T0xIpFSwyjQnRGBvpr3JuJ/XjuD8MIb8TjNgMV0tijMBIYET8LAXS4ZBTHUhFDJ9a2Y9okkFHRkRR2CM//lRdKoWo5tObdnpdpVHkcBHaFjVEYOOkc1dIPqyEUUPaJn9IrejCfjxXg3PmatS0Y+c4D+wPj8AVKzkxM=</latexit><latexit sha1_base64="Ea3lmP+0TmMrQX0VyxJn/gTZNrs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxChRKSIuhGKLpxWdG0hTaEyXTSDp08mLkRSu3CX3HjQhG3/oY7/8Zpm4W2HrjM4Zx7uXdOkAquwLa/jaXlldW19cJGcXNre2fX3NtvqCSTlLk0EYlsBUQxwWPmAgfBWqlkJAoEawaD64nffGBS8SS+h2HKvIj0Yh5ySkBLvnl4id3yXaXlO7qqFcuy9AunvlmyLXsKvEicnJRQjrpvfnW6Cc0iFgMVRKm2Y6fgjYgETgUbFzuZYimhA9JjbU1jEjHljab3j/GJVro4TKSuGPBU/T0xIpFSwyjQnRGBvpr3JuJ/XjuD8MIb8TjNgMV0tijMBIYET8LAXS4ZBTHUhFDJ9a2Y9okkFHRkRR2CM//lRdKoWo5tObdnpdpVHkcBHaFjVEYOOkc1dIPqyEUUPaJn9IrejCfjxXg3PmatS0Y+c4D+wPj8AVKzkxM=</latexit>

@U�

@(�S)
S +

tX

j=1

@U�

@(�Xj)
Xj = U(S,X1, · · · , Xt)

<latexit sha1_base64="aZziZcgzQAqjf8tPUIi7QR/P0AA="></latexit><latexit sha1_base64="aZziZcgzQAqjf8tPUIi7QR/P0AA="></latexit><latexit sha1_base64="aZziZcgzQAqjf8tPUIi7QR/P0AA="></latexit><latexit sha1_base64="aZziZcgzQAqjf8tPUIi7QR/P0AA="></latexit>

Or

� = 1
<latexit sha1_base64="6Lq/Z5+FVApgCwyAulTQLROJWdA=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6EYounFZwT6gDWUymbRDJ5MwcyOU0M9w40IRt36NO//GaZuFth4YOJxzLnPvCVIpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuwE1XArFWyhQ8m6qOY0DyTvB+G7md564NiJRjzhJuR/ToRKRYBSt1OtLGw0puSHeoFpz6+4cZJV4BalBgeag+tUPE5bFXCGT1Jie56bo51SjYJJPK/3M8JSyMR3ynqWKxtz4+XzlKTmzSkiiRNunkMzV3xM5jY2ZxIFNxhRHZtmbif95vQyjaz8XKs2QK7b4KMokwYTM7ieh0JyhnFhCmRZ2V8JGVFOGtqWKLcFbPnmVtC/qnlv3Hi5rjduijjKcwCmcgwdX0IB7aEILGCTwDK/w5qDz4rw7H4toySlmjuEPnM8f5EaQUw==</latexit><latexit sha1_base64="6Lq/Z5+FVApgCwyAulTQLROJWdA=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6EYounFZwT6gDWUymbRDJ5MwcyOU0M9w40IRt36NO//GaZuFth4YOJxzLnPvCVIpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuwE1XArFWyhQ8m6qOY0DyTvB+G7md564NiJRjzhJuR/ToRKRYBSt1OtLGw0puSHeoFpz6+4cZJV4BalBgeag+tUPE5bFXCGT1Jie56bo51SjYJJPK/3M8JSyMR3ynqWKxtz4+XzlKTmzSkiiRNunkMzV3xM5jY2ZxIFNxhRHZtmbif95vQyjaz8XKs2QK7b4KMokwYTM7ieh0JyhnFhCmRZ2V8JGVFOGtqWKLcFbPnmVtC/qnlv3Hi5rjduijjKcwCmcgwdX0IB7aEILGCTwDK/w5qDz4rw7H4toySlmjuEPnM8f5EaQUw==</latexit><latexit sha1_base64="6Lq/Z5+FVApgCwyAulTQLROJWdA=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6EYounFZwT6gDWUymbRDJ5MwcyOU0M9w40IRt36NO//GaZuFth4YOJxzLnPvCVIpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuwE1XArFWyhQ8m6qOY0DyTvB+G7md564NiJRjzhJuR/ToRKRYBSt1OtLGw0puSHeoFpz6+4cZJV4BalBgeag+tUPE5bFXCGT1Jie56bo51SjYJJPK/3M8JSyMR3ynqWKxtz4+XzlKTmzSkiiRNunkMzV3xM5jY2ZxIFNxhRHZtmbif95vQyjaz8XKs2QK7b4KMokwYTM7ieh0JyhnFhCmRZ2V8JGVFOGtqWKLcFbPnmVtC/qnlv3Hi5rjduijjKcwCmcgwdX0IB7aEILGCTwDK/w5qDz4rw7H4toySlmjuEPnM8f5EaQUw==</latexit><latexit sha1_base64="6Lq/Z5+FVApgCwyAulTQLROJWdA=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6EYounFZwT6gDWUymbRDJ5MwcyOU0M9w40IRt36NO//GaZuFth4YOJxzLnPvCVIpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuwE1XArFWyhQ8m6qOY0DyTvB+G7md564NiJRjzhJuR/ToRKRYBSt1OtLGw0puSHeoFpz6+4cZJV4BalBgeag+tUPE5bFXCGT1Jie56bo51SjYJJPK/3M8JSyMR3ynqWKxtz4+XzlKTmzSkiiRNunkMzV3xM5jY2ZxIFNxhRHZtmbif95vQyjaz8XKs2QK7b4KMokwYTM7ieh0JyhnFhCmRZ2V8JGVFOGtqWKLcFbPnmVtC/qnlv3Hi5rjduijjKcwCmcgwdX0IB7aEILGCTwDK/w5qDz4rw7H4toySlmjuEPnM8f5EaQUw==</latexit>

U = TS +
tX

j=1

PjXj

<latexit sha1_base64="i5cu3V0ZpRkeVmbXst1h4haEsdk=">AAACDXicbVDLSgNBEJyNrxhfUY9eBqMgCGFXBL0Egl48RswLsusyO5kkk8zsLjO9QljyA178FS8eFPHq3Zt/4+Rx0MSChqKqm+6uIBZcg21/W5ml5ZXVtex6bmNza3snv7tX11GiKKvRSESqGRDNBA9ZDTgI1owVIzIQrBEMrsd+44EpzaOwCsOYeZJ0Q97hlICR/PxRDZdw9Q6fYlcn0hVcctB+2i85o3vAFb+Pm37fzxfsoj0BXiTOjBTQDBU//+W2I5pIFgIVROuWY8fgpUQBp4KNcm6iWUzogHRZy9CQSKa9dPLNCB8bpY07kTIVAp6ovydSIrUeysB0SgI9Pe+Nxf+8VgKdSy/lYZwAC+l0UScRGCI8jga3uWIUxNAQQhU3t2LaI4pQMAHmTAjO/MuLpH5WdOyic3teKF/N4siiA3SITpCDLlAZ3aAKqiGKHtEzekVv1pP1Yr1bH9PWjDWb2Ud/YH3+AK7ymhE=</latexit><latexit sha1_base64="i5cu3V0ZpRkeVmbXst1h4haEsdk=">AAACDXicbVDLSgNBEJyNrxhfUY9eBqMgCGFXBL0Egl48RswLsusyO5kkk8zsLjO9QljyA178FS8eFPHq3Zt/4+Rx0MSChqKqm+6uIBZcg21/W5ml5ZXVtex6bmNza3snv7tX11GiKKvRSESqGRDNBA9ZDTgI1owVIzIQrBEMrsd+44EpzaOwCsOYeZJ0Q97hlICR/PxRDZdw9Q6fYlcn0hVcctB+2i85o3vAFb+Pm37fzxfsoj0BXiTOjBTQDBU//+W2I5pIFgIVROuWY8fgpUQBp4KNcm6iWUzogHRZy9CQSKa9dPLNCB8bpY07kTIVAp6ovydSIrUeysB0SgI9Pe+Nxf+8VgKdSy/lYZwAC+l0UScRGCI8jga3uWIUxNAQQhU3t2LaI4pQMAHmTAjO/MuLpH5WdOyic3teKF/N4siiA3SITpCDLlAZ3aAKqiGKHtEzekVv1pP1Yr1bH9PWjDWb2Ud/YH3+AK7ymhE=</latexit><latexit sha1_base64="i5cu3V0ZpRkeVmbXst1h4haEsdk=">AAACDXicbVDLSgNBEJyNrxhfUY9eBqMgCGFXBL0Egl48RswLsusyO5kkk8zsLjO9QljyA178FS8eFPHq3Zt/4+Rx0MSChqKqm+6uIBZcg21/W5ml5ZXVtex6bmNza3snv7tX11GiKKvRSESqGRDNBA9ZDTgI1owVIzIQrBEMrsd+44EpzaOwCsOYeZJ0Q97hlICR/PxRDZdw9Q6fYlcn0hVcctB+2i85o3vAFb+Pm37fzxfsoj0BXiTOjBTQDBU//+W2I5pIFgIVROuWY8fgpUQBp4KNcm6iWUzogHRZy9CQSKa9dPLNCB8bpY07kTIVAp6ovydSIrUeysB0SgI9Pe+Nxf+8VgKdSy/lYZwAC+l0UScRGCI8jga3uWIUxNAQQhU3t2LaI4pQMAHmTAjO/MuLpH5WdOyic3teKF/N4siiA3SITpCDLlAZ3aAKqiGKHtEzekVv1pP1Yr1bH9PWjDWb2Ud/YH3+AK7ymhE=</latexit><latexit sha1_base64="i5cu3V0ZpRkeVmbXst1h4haEsdk=">AAACDXicbVDLSgNBEJyNrxhfUY9eBqMgCGFXBL0Egl48RswLsusyO5kkk8zsLjO9QljyA178FS8eFPHq3Zt/4+Rx0MSChqKqm+6uIBZcg21/W5ml5ZXVtex6bmNza3snv7tX11GiKKvRSESqGRDNBA9ZDTgI1owVIzIQrBEMrsd+44EpzaOwCsOYeZJ0Q97hlICR/PxRDZdw9Q6fYlcn0hVcctB+2i85o3vAFb+Pm37fzxfsoj0BXiTOjBTQDBU//+W2I5pIFgIVROuWY8fgpUQBp4KNcm6iWUzogHRZy9CQSKa9dPLNCB8bpY07kTIVAp6ovydSIrUeysB0SgI9Pe+Nxf+8VgKdSy/lYZwAC+l0UScRGCI8jga3uWIUxNAQQhU3t2LaI4pQMAHmTAjO/MuLpH5WdOyic3teKF/N4siiA3SITpCDLlAZ3aAKqiGKHtEzekVv1pP1Yr1bH9PWjDWb2Ud/YH3+AK7ymhE=</latexit>

Setting               we get         



Equilibrium Relations
The Euler Equation

In the simple case this amounts to

U = TS � PV + µ1N1 + µ2N2 + · · ·+ µrNr
<latexit sha1_base64="mR+YfY8XY0HAbIgHIeP2TEawnHg=">AAACIXicbZDNSsNAFIUn/tb6F3XpZrAIgliSItiNUHTjSio2baENYTKZtENnkjAzEUroq7jxVdy4UKQ78WWctFlo64ELH+fey8w9fsKoVJb1Zaysrq1vbJa2yts7u3v75sFhW8apwMTBMYtF10eSMBoRR1HFSDcRBHGfkY4/us37nSciJI2jlhonxOVoENGQYqS05Zl1B17D1iO8gM02PId9nno2vNc155rmWs44iJUsTKFN4ZkVq2rNBJfBLqACCjU9c9oPYpxyEinMkJQ920qUmyGhKGZkUu6nkiQIj9CA9DRGiBPpZrMLJ/BUOwEMY6ErUnDm/t7IEJdyzH09yZEaysVebv7X66UqrLsZjZJUkQjPHwpTBlUM87hgQAXBio01ICyo/ivEQyQQVjrUsg7BXjx5Gdq1qm1V7YfLSuOmiKMEjsEJOAM2uAINcAeawAEYPINX8A4+jBfjzfg0pvPRFaPYOQJ/ZHz/ANb0nnQ=</latexit><latexit sha1_base64="mR+YfY8XY0HAbIgHIeP2TEawnHg=">AAACIXicbZDNSsNAFIUn/tb6F3XpZrAIgliSItiNUHTjSio2baENYTKZtENnkjAzEUroq7jxVdy4UKQ78WWctFlo64ELH+fey8w9fsKoVJb1Zaysrq1vbJa2yts7u3v75sFhW8apwMTBMYtF10eSMBoRR1HFSDcRBHGfkY4/us37nSciJI2jlhonxOVoENGQYqS05Zl1B17D1iO8gM02PId9nno2vNc155rmWs44iJUsTKFN4ZkVq2rNBJfBLqACCjU9c9oPYpxyEinMkJQ920qUmyGhKGZkUu6nkiQIj9CA9DRGiBPpZrMLJ/BUOwEMY6ErUnDm/t7IEJdyzH09yZEaysVebv7X66UqrLsZjZJUkQjPHwpTBlUM87hgQAXBio01ICyo/ivEQyQQVjrUsg7BXjx5Gdq1qm1V7YfLSuOmiKMEjsEJOAM2uAINcAeawAEYPINX8A4+jBfjzfg0pvPRFaPYOQJ/ZHz/ANb0nnQ=</latexit><latexit sha1_base64="mR+YfY8XY0HAbIgHIeP2TEawnHg=">AAACIXicbZDNSsNAFIUn/tb6F3XpZrAIgliSItiNUHTjSio2baENYTKZtENnkjAzEUroq7jxVdy4UKQ78WWctFlo64ELH+fey8w9fsKoVJb1Zaysrq1vbJa2yts7u3v75sFhW8apwMTBMYtF10eSMBoRR1HFSDcRBHGfkY4/us37nSciJI2jlhonxOVoENGQYqS05Zl1B17D1iO8gM02PId9nno2vNc155rmWs44iJUsTKFN4ZkVq2rNBJfBLqACCjU9c9oPYpxyEinMkJQ920qUmyGhKGZkUu6nkiQIj9CA9DRGiBPpZrMLJ/BUOwEMY6ErUnDm/t7IEJdyzH09yZEaysVebv7X66UqrLsZjZJUkQjPHwpTBlUM87hgQAXBio01ICyo/ivEQyQQVjrUsg7BXjx5Gdq1qm1V7YfLSuOmiKMEjsEJOAM2uAINcAeawAEYPINX8A4+jBfjzfg0pvPRFaPYOQJ/ZHz/ANb0nnQ=</latexit><latexit sha1_base64="mR+YfY8XY0HAbIgHIeP2TEawnHg=">AAACIXicbZDNSsNAFIUn/tb6F3XpZrAIgliSItiNUHTjSio2baENYTKZtENnkjAzEUroq7jxVdy4UKQ78WWctFlo64ELH+fey8w9fsKoVJb1Zaysrq1vbJa2yts7u3v75sFhW8apwMTBMYtF10eSMBoRR1HFSDcRBHGfkY4/us37nSciJI2jlhonxOVoENGQYqS05Zl1B17D1iO8gM02PId9nno2vNc155rmWs44iJUsTKFN4ZkVq2rNBJfBLqACCjU9c9oPYpxyEinMkJQ920qUmyGhKGZkUu6nkiQIj9CA9DRGiBPpZrMLJ/BUOwEMY6ErUnDm/t7IEJdyzH09yZEaysVebv7X66UqrLsZjZJUkQjPHwpTBlUM87hgQAXBio01ICyo/ivEQyQQVjrUsg7BXjx5Gdq1qm1V7YfLSuOmiKMEjsEJOAM2uAINcAeawAEYPINX8A4+jBfjzfg0pvPRFaPYOQJ/ZHz/ANb0nnQ=</latexit>

Similarly, from the entropic fundamental relation one can show that

S =

✓
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◆
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<latexit sha1_base64="APF6lmKY/Oj2oClTfQdisqTeMZk="></latexit><latexit sha1_base64="APF6lmKY/Oj2oClTfQdisqTeMZk="></latexit><latexit sha1_base64="APF6lmKY/Oj2oClTfQdisqTeMZk="></latexit><latexit sha1_base64="APF6lmKY/Oj2oClTfQdisqTeMZk="></latexit>



Equilibrium Relations
The Gibbs-Duhem Relations
Relations among intensive parameters can be derived in a differential form from the 
Euler relation

1dU = TdS + SdT +
tX

j=1

(PjdXj +XjdPj)

<latexit sha1_base64="zF4rnwNOlwat5agORxxL9Ral4Iw="></latexit><latexit sha1_base64="zF4rnwNOlwat5agORxxL9Ral4Iw="></latexit><latexit sha1_base64="zF4rnwNOlwat5agORxxL9Ral4Iw="></latexit><latexit sha1_base64="zF4rnwNOlwat5agORxxL9Ral4Iw="></latexit>

U = TS +
tX

j=1

PjXj

<latexit sha1_base64="i5cu3V0ZpRkeVmbXst1h4haEsdk=">AAACDXicbVDLSgNBEJyNrxhfUY9eBqMgCGFXBL0Egl48RswLsusyO5kkk8zsLjO9QljyA178FS8eFPHq3Zt/4+Rx0MSChqKqm+6uIBZcg21/W5ml5ZXVtex6bmNza3snv7tX11GiKKvRSESqGRDNBA9ZDTgI1owVIzIQrBEMrsd+44EpzaOwCsOYeZJ0Q97hlICR/PxRDZdw9Q6fYlcn0hVcctB+2i85o3vAFb+Pm37fzxfsoj0BXiTOjBTQDBU//+W2I5pIFgIVROuWY8fgpUQBp4KNcm6iWUzogHRZy9CQSKa9dPLNCB8bpY07kTIVAp6ovydSIrUeysB0SgI9Pe+Nxf+8VgKdSy/lYZwAC+l0UScRGCI8jga3uWIUxNAQQhU3t2LaI4pQMAHmTAjO/MuLpH5WdOyic3teKF/N4siiA3SITpCDLlAZ3aAKqiGKHtEzekVv1pP1Yr1bH9PWjDWb2Ud/YH3+AK7ymhE=</latexit><latexit sha1_base64="i5cu3V0ZpRkeVmbXst1h4haEsdk=">AAACDXicbVDLSgNBEJyNrxhfUY9eBqMgCGFXBL0Egl48RswLsusyO5kkk8zsLjO9QljyA178FS8eFPHq3Zt/4+Rx0MSChqKqm+6uIBZcg21/W5ml5ZXVtex6bmNza3snv7tX11GiKKvRSESqGRDNBA9ZDTgI1owVIzIQrBEMrsd+44EpzaOwCsOYeZJ0Q97hlICR/PxRDZdw9Q6fYlcn0hVcctB+2i85o3vAFb+Pm37fzxfsoj0BXiTOjBTQDBU//+W2I5pIFgIVROuWY8fgpUQBp4KNcm6iWUzogHRZy9CQSKa9dPLNCB8bpY07kTIVAp6ovydSIrUeysB0SgI9Pe+Nxf+8VgKdSy/lYZwAC+l0UScRGCI8jga3uWIUxNAQQhU3t2LaI4pQMAHmTAjO/MuLpH5WdOyic3teKF/N4siiA3SITpCDLlAZ3aAKqiGKHtEzekVv1pP1Yr1bH9PWjDWb2Ud/YH3+AK7ymhE=</latexit><latexit sha1_base64="i5cu3V0ZpRkeVmbXst1h4haEsdk=">AAACDXicbVDLSgNBEJyNrxhfUY9eBqMgCGFXBL0Egl48RswLsusyO5kkk8zsLjO9QljyA178FS8eFPHq3Zt/4+Rx0MSChqKqm+6uIBZcg21/W5ml5ZXVtex6bmNza3snv7tX11GiKKvRSESqGRDNBA9ZDTgI1owVIzIQrBEMrsd+44EpzaOwCsOYeZJ0Q97hlICR/PxRDZdw9Q6fYlcn0hVcctB+2i85o3vAFb+Pm37fzxfsoj0BXiTOjBTQDBU//+W2I5pIFgIVROuWY8fgpUQBp4KNcm6iWUzogHRZy9CQSKa9dPLNCB8bpY07kTIVAp6ovydSIrUeysB0SgI9Pe+Nxf+8VgKdSy/lYZwAC+l0UScRGCI8jga3uWIUxNAQQhU3t2LaI4pQMAHmTAjO/MuLpH5WdOyic3teKF/N4siiA3SITpCDLlAZ3aAKqiGKHtEzekVv1pP1Yr1bH9PWjDWb2Ud/YH3+AK7ymhE=</latexit><latexit sha1_base64="i5cu3V0ZpRkeVmbXst1h4haEsdk=">AAACDXicbVDLSgNBEJyNrxhfUY9eBqMgCGFXBL0Egl48RswLsusyO5kkk8zsLjO9QljyA178FS8eFPHq3Zt/4+Rx0MSChqKqm+6uIBZcg21/W5ml5ZXVtex6bmNza3snv7tX11GiKKvRSESqGRDNBA9ZDTgI1owVIzIQrBEMrsd+44EpzaOwCsOYeZJ0Q97hlICR/PxRDZdw9Q6fYlcn0hVcctB+2i85o3vAFb+Pm37fzxfsoj0BXiTOjBTQDBU//+W2I5pIFgIVROuWY8fgpUQBp4KNcm6iWUzogHRZy9CQSKa9dPLNCB8bpY07kTIVAp6ovydSIrUeysB0SgI9Pe+Nxf+8VgKdSy/lYZwAC+l0UScRGCI8jga3uWIUxNAQQhU3t2LaI4pQMAHmTAjO/MuLpH5WdOyic3teKF/N4siiA3SITpCDLlAZ3aAKqiGKHtEzekVv1pP1Yr1bH9PWjDWb2Ud/YH3+AK7ymhE=</latexit>

But, from the fundamental relation we also know that

2dU = TdS +
tX

j=1

PjdXj

<latexit sha1_base64="WnyYUneL+gvbybSJ7i8ivJ8r3QU=">AAACEnicbVDLSgMxFM3UV62vUZdugkVQhDIjgm4KRTcuK/YFbR0ymbRNm8wMyR2hDP0GN/6KGxeKuHXlzr8xfSy09cC9HM65l+QePxZcg+N8W5ml5ZXVtex6bmNza3vH3t2r6ShRlFVpJCLV8IlmgoesChwEa8SKEekLVvcH12O//sCU5lFYgWHM2pJ0Q97hlICRPPskqOIiruDgDp/ilk5kS3DJQXtpv+iO7gGXvT4OGqZ5dt4pOBPgReLOSB7NUPbsr1YQ0USyEKggWjddJ4Z2ShRwKtgo10o0iwkdkC5rGhoSyXQ7nZw0wkdGCXAnUqZCwBP190ZKpNZD6ZtJSaCn572x+J/XTKBz2U55GCfAQjp9qJMIDBEe54MDrhgFMTSEUMXNXzHtEUUomBRzJgR3/uRFUjsruE7BvT3Pl65mcWTRATpEx8hFF6iEblAZVRFFj+gZvaI368l6sd6tj+loxprt7KM/sD5/AMzLm68=</latexit><latexit sha1_base64="WnyYUneL+gvbybSJ7i8ivJ8r3QU=">AAACEnicbVDLSgMxFM3UV62vUZdugkVQhDIjgm4KRTcuK/YFbR0ymbRNm8wMyR2hDP0GN/6KGxeKuHXlzr8xfSy09cC9HM65l+QePxZcg+N8W5ml5ZXVtex6bmNza3vH3t2r6ShRlFVpJCLV8IlmgoesChwEa8SKEekLVvcH12O//sCU5lFYgWHM2pJ0Q97hlICRPPskqOIiruDgDp/ilk5kS3DJQXtpv+iO7gGXvT4OGqZ5dt4pOBPgReLOSB7NUPbsr1YQ0USyEKggWjddJ4Z2ShRwKtgo10o0iwkdkC5rGhoSyXQ7nZw0wkdGCXAnUqZCwBP190ZKpNZD6ZtJSaCn572x+J/XTKBz2U55GCfAQjp9qJMIDBEe54MDrhgFMTSEUMXNXzHtEUUomBRzJgR3/uRFUjsruE7BvT3Pl65mcWTRATpEx8hFF6iEblAZVRFFj+gZvaI368l6sd6tj+loxprt7KM/sD5/AMzLm68=</latexit><latexit sha1_base64="WnyYUneL+gvbybSJ7i8ivJ8r3QU=">AAACEnicbVDLSgMxFM3UV62vUZdugkVQhDIjgm4KRTcuK/YFbR0ymbRNm8wMyR2hDP0GN/6KGxeKuHXlzr8xfSy09cC9HM65l+QePxZcg+N8W5ml5ZXVtex6bmNza3vH3t2r6ShRlFVpJCLV8IlmgoesChwEa8SKEekLVvcH12O//sCU5lFYgWHM2pJ0Q97hlICRPPskqOIiruDgDp/ilk5kS3DJQXtpv+iO7gGXvT4OGqZ5dt4pOBPgReLOSB7NUPbsr1YQ0USyEKggWjddJ4Z2ShRwKtgo10o0iwkdkC5rGhoSyXQ7nZw0wkdGCXAnUqZCwBP190ZKpNZD6ZtJSaCn572x+J/XTKBz2U55GCfAQjp9qJMIDBEe54MDrhgFMTSEUMXNXzHtEUUomBRzJgR3/uRFUjsruE7BvT3Pl65mcWTRATpEx8hFF6iEblAZVRFFj+gZvaI368l6sd6tj+loxprt7KM/sD5/AMzLm68=</latexit><latexit sha1_base64="WnyYUneL+gvbybSJ7i8ivJ8r3QU=">AAACEnicbVDLSgMxFM3UV62vUZdugkVQhDIjgm4KRTcuK/YFbR0ymbRNm8wMyR2hDP0GN/6KGxeKuHXlzr8xfSy09cC9HM65l+QePxZcg+N8W5ml5ZXVtex6bmNza3vH3t2r6ShRlFVpJCLV8IlmgoesChwEa8SKEekLVvcH12O//sCU5lFYgWHM2pJ0Q97hlICRPPskqOIiruDgDp/ilk5kS3DJQXtpv+iO7gGXvT4OGqZ5dt4pOBPgReLOSB7NUPbsr1YQ0USyEKggWjddJ4Z2ShRwKtgo10o0iwkdkC5rGhoSyXQ7nZw0wkdGCXAnUqZCwBP190ZKpNZD6ZtJSaCn572x+J/XTKBz2U55GCfAQjp9qJMIDBEe54MDrhgFMTSEUMXNXzHtEUUomBRzJgR3/uRFUjsruE7BvT3Pl65mcWTRATpEx8hFF6iEblAZVRFFj+gZvaI368l6sd6tj+loxprt7KM/sD5/AMzLm68=</latexit>

Therefore, 1-2 implies that

SdT +
tX

j=1

XjdPj = 0

<latexit sha1_base64="O6Ax49OSKh+HSkcRHkDqXAsbYAI=">AAACEHicbVDLSgMxFM3UV62vUZdugkUUhDIjgm4KRTcuK/YFbR0ymbRNm8wMyR2hDP0EN/6KGxeKuHXpzr8xfSy09cC9HM65l+QePxZcg+N8W5ml5ZXVtex6bmNza3vH3t2r6ShRlFVpJCLV8IlmgoesChwEa8SKEekLVvcH12O//sCU5lFYgWHM2pJ0Q97hlICRPPv4DgcVfIpbOpEtwSUH7aX9oju6B9zw+jgom1bEjmfnnYIzAV4k7ozk0Qxlz/5qBRFNJAuBCqJ103ViaKdEAaeCjXKtRLOY0AHpsqahIZFMt9PJQSN8ZJQAdyJlKgQ8UX9vpERqPZS+mZQEenreG4v/ec0EOpftlIdxAiyk04c6icAQ4XE6OOCKURBDQwhV3PwV0x5RhILJMGdCcOdPXiS1s4LrFNzb83zpahZHFh2gQ3SCXHSBSugGlVEVUfSIntErerOerBfr3fqYjmas2c4++gPr8wd4r5ry</latexit><latexit sha1_base64="O6Ax49OSKh+HSkcRHkDqXAsbYAI=">AAACEHicbVDLSgMxFM3UV62vUZdugkUUhDIjgm4KRTcuK/YFbR0ymbRNm8wMyR2hDP0EN/6KGxeKuHXpzr8xfSy09cC9HM65l+QePxZcg+N8W5ml5ZXVtex6bmNza3vH3t2r6ShRlFVpJCLV8IlmgoesChwEa8SKEekLVvcH12O//sCU5lFYgWHM2pJ0Q97hlICRPPv4DgcVfIpbOpEtwSUH7aX9oju6B9zw+jgom1bEjmfnnYIzAV4k7ozk0Qxlz/5qBRFNJAuBCqJ103ViaKdEAaeCjXKtRLOY0AHpsqahIZFMt9PJQSN8ZJQAdyJlKgQ8UX9vpERqPZS+mZQEenreG4v/ec0EOpftlIdxAiyk04c6icAQ4XE6OOCKURBDQwhV3PwV0x5RhILJMGdCcOdPXiS1s4LrFNzb83zpahZHFh2gQ3SCXHSBSugGlVEVUfSIntErerOerBfr3fqYjmas2c4++gPr8wd4r5ry</latexit><latexit sha1_base64="O6Ax49OSKh+HSkcRHkDqXAsbYAI=">AAACEHicbVDLSgMxFM3UV62vUZdugkUUhDIjgm4KRTcuK/YFbR0ymbRNm8wMyR2hDP0EN/6KGxeKuHXpzr8xfSy09cC9HM65l+QePxZcg+N8W5ml5ZXVtex6bmNza3vH3t2r6ShRlFVpJCLV8IlmgoesChwEa8SKEekLVvcH12O//sCU5lFYgWHM2pJ0Q97hlICRPPv4DgcVfIpbOpEtwSUH7aX9oju6B9zw+jgom1bEjmfnnYIzAV4k7ozk0Qxlz/5qBRFNJAuBCqJ103ViaKdEAaeCjXKtRLOY0AHpsqahIZFMt9PJQSN8ZJQAdyJlKgQ8UX9vpERqPZS+mZQEenreG4v/ec0EOpftlIdxAiyk04c6icAQ4XE6OOCKURBDQwhV3PwV0x5RhILJMGdCcOdPXiS1s4LrFNzb83zpahZHFh2gQ3SCXHSBSugGlVEVUfSIntErerOerBfr3fqYjmas2c4++gPr8wd4r5ry</latexit><latexit sha1_base64="O6Ax49OSKh+HSkcRHkDqXAsbYAI=">AAACEHicbVDLSgMxFM3UV62vUZdugkUUhDIjgm4KRTcuK/YFbR0ymbRNm8wMyR2hDP0EN/6KGxeKuHXpzr8xfSy09cC9HM65l+QePxZcg+N8W5ml5ZXVtex6bmNza3vH3t2r6ShRlFVpJCLV8IlmgoesChwEa8SKEekLVvcH12O//sCU5lFYgWHM2pJ0Q97hlICRPPv4DgcVfIpbOpEtwSUH7aX9oju6B9zw+jgom1bEjmfnnYIzAV4k7ozk0Qxlz/5qBRFNJAuBCqJ103ViaKdEAaeCjXKtRLOY0AHpsqahIZFMt9PJQSN8ZJQAdyJlKgQ8UX9vpERqPZS+mZQEenreG4v/ec0EOpftlIdxAiyk04c6icAQ4XE6OOCKURBDQwhV3PwV0x5RhILJMGdCcOdPXiS1s4LrFNzb83zpahZHFh2gQ3SCXHSBSugGlVEVUfSIntErerOerBfr3fqYjmas2c4++gPr8wd4r5ry</latexit>



Equilibrium Relations
The Gibbs-Duhem Relations

For a single component system we get

SdT � V dP +Ndµ = 0
<latexit sha1_base64="6aboVz2jliFe3q7NIqqq7jAdp50=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4NFEMSSiKAXoejFk1TsF7ShbDbbduluEnY3Qgn14l/x4kERr/4Lb/4bt20O2vpg4PHeDDPz/JgzpR3n28otLC4tr+RXC2vrG5tb9vZOXUWJJLRGIh7Jpo8V5SykNc00p81YUix8Thv+4HrsNx6oVCwKq3oYU0/gXsi6jGBtpI69dw9BFU6gDkEFjuEWgrZI4BKcjl10Ss4EME/cjBRRhkrH/moHEUkEDTXhWKmW68TaS7HUjHA6KrQTRWNMBrhHW4aGWFDlpZMPRnBolAC6kTQVapiovydSLJQaCt90Cqz7atYbi/95rUR3L7yUhXGiaUimi7oJBx3BOA4ImKRE86EhmEhmbgXSxxITbUIrmBDc2ZfnSf205Dol9+6sWL7K4sijfXSAjpCLzlEZ3aAKqiGCHtEzekVv1pP1Yr1bH9PWnJXN7KI/sD5/ADabk4U=</latexit><latexit sha1_base64="6aboVz2jliFe3q7NIqqq7jAdp50=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4NFEMSSiKAXoejFk1TsF7ShbDbbduluEnY3Qgn14l/x4kERr/4Lb/4bt20O2vpg4PHeDDPz/JgzpR3n28otLC4tr+RXC2vrG5tb9vZOXUWJJLRGIh7Jpo8V5SykNc00p81YUix8Thv+4HrsNx6oVCwKq3oYU0/gXsi6jGBtpI69dw9BFU6gDkEFjuEWgrZI4BKcjl10Ss4EME/cjBRRhkrH/moHEUkEDTXhWKmW68TaS7HUjHA6KrQTRWNMBrhHW4aGWFDlpZMPRnBolAC6kTQVapiovydSLJQaCt90Cqz7atYbi/95rUR3L7yUhXGiaUimi7oJBx3BOA4ImKRE86EhmEhmbgXSxxITbUIrmBDc2ZfnSf205Dol9+6sWL7K4sijfXSAjpCLzlEZ3aAKqiGCHtEzekVv1pP1Yr1bH9PWnJXN7KI/sD5/ADabk4U=</latexit><latexit sha1_base64="6aboVz2jliFe3q7NIqqq7jAdp50=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4NFEMSSiKAXoejFk1TsF7ShbDbbduluEnY3Qgn14l/x4kERr/4Lb/4bt20O2vpg4PHeDDPz/JgzpR3n28otLC4tr+RXC2vrG5tb9vZOXUWJJLRGIh7Jpo8V5SykNc00p81YUix8Thv+4HrsNx6oVCwKq3oYU0/gXsi6jGBtpI69dw9BFU6gDkEFjuEWgrZI4BKcjl10Ss4EME/cjBRRhkrH/moHEUkEDTXhWKmW68TaS7HUjHA6KrQTRWNMBrhHW4aGWFDlpZMPRnBolAC6kTQVapiovydSLJQaCt90Cqz7atYbi/95rUR3L7yUhXGiaUimi7oJBx3BOA4ImKRE86EhmEhmbgXSxxITbUIrmBDc2ZfnSf205Dol9+6sWL7K4sijfXSAjpCLzlEZ3aAKqiGCHtEzekVv1pP1Yr1bH9PWnJXN7KI/sD5/ADabk4U=</latexit><latexit sha1_base64="6aboVz2jliFe3q7NIqqq7jAdp50=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4NFEMSSiKAXoejFk1TsF7ShbDbbduluEnY3Qgn14l/x4kERr/4Lb/4bt20O2vpg4PHeDDPz/JgzpR3n28otLC4tr+RXC2vrG5tb9vZOXUWJJLRGIh7Jpo8V5SykNc00p81YUix8Thv+4HrsNx6oVCwKq3oYU0/gXsi6jGBtpI69dw9BFU6gDkEFjuEWgrZI4BKcjl10Ss4EME/cjBRRhkrH/moHEUkEDTXhWKmW68TaS7HUjHA6KrQTRWNMBrhHW4aGWFDlpZMPRnBolAC6kTQVapiovydSLJQaCt90Cqz7atYbi/95rUR3L7yUhXGiaUimi7oJBx3BOA4ImKRE86EhmEhmbgXSxxITbUIrmBDc2ZfnSf205Dol9+6sWL7K4sijfXSAjpCLzlEZ3aAKqiGCHtEzekVv1pP1Yr1bH9PWnJXN7KI/sD5/ADabk4U=</latexit>

dµ = �sdT + vdP
<latexit sha1_base64="EEOfdCDyaaC1v8fJUV2U2BGod+Q=">AAAB/HicbVDLSsNAFL2pr1pf1S7dDBZBEEsigm6EohuXFfqCNpTJZNIOnUzCzKQQQv0VNy4UceuHuPNvnLZZaOuBgcM553LvHC/mTGnb/rYKa+sbm1vF7dLO7t7+QfnwqK2iRBLaIhGPZNfDinImaEszzWk3lhSHHqcdb3w/8zsTKhWLRFOnMXVDPBQsYARrIw3KFb8fJugWXSjkN9E5miC/MShX7Zo9B1olTk6qkMPkv/p+RJKQCk04Vqrn2LF2Myw1I5xOS/1E0RiTMR7SnqECh1S52fz4KTo1io+CSJonNJqrvycyHCqVhp5JhliP1LI3E//zeokObtyMiTjRVJDFoiDhSEdo1gTymaRE89QQTCQztyIywhITbfoqmRKc5S+vkvZlzbFrzuNVtX6X11GEYziBM3DgGurwAA1oAYEUnuEV3qwn68V6tz4W0YKVz1TgD6zPH3vXkrU=</latexit><latexit sha1_base64="EEOfdCDyaaC1v8fJUV2U2BGod+Q=">AAAB/HicbVDLSsNAFL2pr1pf1S7dDBZBEEsigm6EohuXFfqCNpTJZNIOnUzCzKQQQv0VNy4UceuHuPNvnLZZaOuBgcM553LvHC/mTGnb/rYKa+sbm1vF7dLO7t7+QfnwqK2iRBLaIhGPZNfDinImaEszzWk3lhSHHqcdb3w/8zsTKhWLRFOnMXVDPBQsYARrIw3KFb8fJugWXSjkN9E5miC/MShX7Zo9B1olTk6qkMPkv/p+RJKQCk04Vqrn2LF2Myw1I5xOS/1E0RiTMR7SnqECh1S52fz4KTo1io+CSJonNJqrvycyHCqVhp5JhliP1LI3E//zeokObtyMiTjRVJDFoiDhSEdo1gTymaRE89QQTCQztyIywhITbfoqmRKc5S+vkvZlzbFrzuNVtX6X11GEYziBM3DgGurwAA1oAYEUnuEV3qwn68V6tz4W0YKVz1TgD6zPH3vXkrU=</latexit><latexit sha1_base64="EEOfdCDyaaC1v8fJUV2U2BGod+Q=">AAAB/HicbVDLSsNAFL2pr1pf1S7dDBZBEEsigm6EohuXFfqCNpTJZNIOnUzCzKQQQv0VNy4UceuHuPNvnLZZaOuBgcM553LvHC/mTGnb/rYKa+sbm1vF7dLO7t7+QfnwqK2iRBLaIhGPZNfDinImaEszzWk3lhSHHqcdb3w/8zsTKhWLRFOnMXVDPBQsYARrIw3KFb8fJugWXSjkN9E5miC/MShX7Zo9B1olTk6qkMPkv/p+RJKQCk04Vqrn2LF2Myw1I5xOS/1E0RiTMR7SnqECh1S52fz4KTo1io+CSJonNJqrvycyHCqVhp5JhliP1LI3E//zeokObtyMiTjRVJDFoiDhSEdo1gTymaRE89QQTCQztyIywhITbfoqmRKc5S+vkvZlzbFrzuNVtX6X11GEYziBM3DgGurwAA1oAYEUnuEV3qwn68V6tz4W0YKVz1TgD6zPH3vXkrU=</latexit><latexit sha1_base64="EEOfdCDyaaC1v8fJUV2U2BGod+Q=">AAAB/HicbVDLSsNAFL2pr1pf1S7dDBZBEEsigm6EohuXFfqCNpTJZNIOnUzCzKQQQv0VNy4UceuHuPNvnLZZaOuBgcM553LvHC/mTGnb/rYKa+sbm1vF7dLO7t7+QfnwqK2iRBLaIhGPZNfDinImaEszzWk3lhSHHqcdb3w/8zsTKhWLRFOnMXVDPBQsYARrIw3KFb8fJugWXSjkN9E5miC/MShX7Zo9B1olTk6qkMPkv/p+RJKQCk04Vqrn2LF2Myw1I5xOS/1E0RiTMR7SnqECh1S52fz4KTo1io+CSJonNJqrvycyHCqVhp5JhliP1LI3E//zeokObtyMiTjRVJDFoiDhSEdo1gTymaRE89QQTCQztyIywhITbfoqmRKc5S+vkvZlzbFrzuNVtX6X11GEYziBM3DgGurwAA1oAYEUnuEV3qwn68V6tz4W0YKVz1TgD6zPH3vXkrU=</latexit>

Or
where s and v are 

molar entropy and 

volume, respectively.

Number of intensive parameters capable of independent variation is called the 
number of thermodynamic degrees of freedom of a given system.


“A simple system of r components has r+1 thermodynamic degrees of freedom.”

µ ⌘ µ(T, P )
<latexit sha1_base64="DNXvs70UsuSGkO8sdxPPCWdn3zM=">AAAB/HicbZDLSgMxFIYzXmu9jXbpJliEClJmRNBl0Y3LCr1BZyiZNG1Dk8yYS2EY6qu4caGIWx/EnW9j2s5CW38IfPznHM7JHyWMKu15387a+sbm1nZhp7i7t39w6B4dt1RsJCZNHLNYdiKkCKOCNDXVjHQSSRCPGGlH47tZvT0hUtFYNHSakJCjoaADipG2Vs8tBdzAgDwaOoEWK42L+nnPLXtVby64Cn4OZZCr3nO/gn6MDSdCY4aU6vpeosMMSU0xI9NiYBRJEB6jIelaFIgTFWbz46fwzDp9OIilfULDuft7IkNcqZRHtpMjPVLLtZn5X61r9OAmzKhIjCYCLxYNDIM6hrMkYJ9KgjVLLSAsqb0V4hGSCGubV9GG4C9/eRVal1Xfq/oPV+XabR5HAZyAU1ABPrgGNXAP6qAJMEjBM3gFb86T8+K8Ox+L1jUnnymBP3I+fwAu05PM</latexit><latexit sha1_base64="DNXvs70UsuSGkO8sdxPPCWdn3zM=">AAAB/HicbZDLSgMxFIYzXmu9jXbpJliEClJmRNBl0Y3LCr1BZyiZNG1Dk8yYS2EY6qu4caGIWx/EnW9j2s5CW38IfPznHM7JHyWMKu15387a+sbm1nZhp7i7t39w6B4dt1RsJCZNHLNYdiKkCKOCNDXVjHQSSRCPGGlH47tZvT0hUtFYNHSakJCjoaADipG2Vs8tBdzAgDwaOoEWK42L+nnPLXtVby64Cn4OZZCr3nO/gn6MDSdCY4aU6vpeosMMSU0xI9NiYBRJEB6jIelaFIgTFWbz46fwzDp9OIilfULDuft7IkNcqZRHtpMjPVLLtZn5X61r9OAmzKhIjCYCLxYNDIM6hrMkYJ9KgjVLLSAsqb0V4hGSCGubV9GG4C9/eRVal1Xfq/oPV+XabR5HAZyAU1ABPrgGNXAP6qAJMEjBM3gFb86T8+K8Ox+L1jUnnymBP3I+fwAu05PM</latexit><latexit sha1_base64="DNXvs70UsuSGkO8sdxPPCWdn3zM=">AAAB/HicbZDLSgMxFIYzXmu9jXbpJliEClJmRNBl0Y3LCr1BZyiZNG1Dk8yYS2EY6qu4caGIWx/EnW9j2s5CW38IfPznHM7JHyWMKu15387a+sbm1nZhp7i7t39w6B4dt1RsJCZNHLNYdiKkCKOCNDXVjHQSSRCPGGlH47tZvT0hUtFYNHSakJCjoaADipG2Vs8tBdzAgDwaOoEWK42L+nnPLXtVby64Cn4OZZCr3nO/gn6MDSdCY4aU6vpeosMMSU0xI9NiYBRJEB6jIelaFIgTFWbz46fwzDp9OIilfULDuft7IkNcqZRHtpMjPVLLtZn5X61r9OAmzKhIjCYCLxYNDIM6hrMkYJ9KgjVLLSAsqb0V4hGSCGubV9GG4C9/eRVal1Xfq/oPV+XabR5HAZyAU1ABPrgGNXAP6qAJMEjBM3gFb86T8+K8Ox+L1jUnnymBP3I+fwAu05PM</latexit><latexit sha1_base64="DNXvs70UsuSGkO8sdxPPCWdn3zM=">AAAB/HicbZDLSgMxFIYzXmu9jXbpJliEClJmRNBl0Y3LCr1BZyiZNG1Dk8yYS2EY6qu4caGIWx/EnW9j2s5CW38IfPznHM7JHyWMKu15387a+sbm1nZhp7i7t39w6B4dt1RsJCZNHLNYdiKkCKOCNDXVjHQSSRCPGGlH47tZvT0hUtFYNHSakJCjoaADipG2Vs8tBdzAgDwaOoEWK42L+nnPLXtVby64Cn4OZZCr3nO/gn6MDSdCY4aU6vpeosMMSU0xI9NiYBRJEB6jIelaFIgTFWbz46fwzDp9OIilfULDuft7IkNcqZRHtpMjPVLLtZn5X61r9OAmzKhIjCYCLxYNDIM6hrMkYJ9KgjVLLSAsqb0V4hGSCGubV9GG4C9/eRVal1Xfq/oPV+XabR5HAZyAU1ABPrgGNXAP6qAJMEjBM3gFb86T8+K8Ox+L1jUnnymBP3I+fwAu05PM</latexit>

This relation shows that = > o n l y 2 i n t e n s i v e 
parameters are independent.

In order to obtain the integrated form above one must know the equations of 
state.


