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Alternative formulations
Minimum energy principle

The equilibrium value of any unconstrained internal parameter is such as to 
minimise the energy for the given value of the total entropy.


Taken from 
Callen, Sec. 

5-1

The properties of thee fundamental equation, i.e., the single-valuedness of U w.r.t. S 
and                         ensure that this can happen.
✓

@S

@U

◆

X

> 0
<latexit sha1_base64="rR6eqfL9EaNx66bH+K6Pbj/WOLA=">AAACGXicbZDLSgMxFIYz9VbrrerSTbAIdVNmRNCVFN24rOi0hU4ZMmmmDc1khuSMUIZ5DTe+ihsXirjUlW9jegG19YfAx3/OSXL+IBFcg21/WYWl5ZXVteJ6aWNza3unvLvX1HGqKHNpLGLVDohmgkvmAgfB2oliJAoEawXDq3G9dc+U5rG8g1HCuhHpSx5ySsBYftn2BAuh6oWK0MxLiAJOBL7Nf9jNPcX7Azj22/gC2365YtfsifAiODOooJkafvnD68U0jZgEKojWHcdOoJuNb6eC5SUv1SwhdEj6rGNQkojpbjbZLMdHxunhMFbmSMAT9/dERiKtR1FgOiMCAz1fG5v/1TophOfdjMskBSbp9KEwFRhiPI4J97hiFMTIAKGKm79iOiAmJDBhlkwIzvzKi9A8qTl2zbk5rdQvZ3EU0QE6RFXkoDNUR9eogVxE0QN6Qi/o1Xq0nq03633aWrBmM/voj6zPb9w2oCQ=</latexit><latexit sha1_base64="rR6eqfL9EaNx66bH+K6Pbj/WOLA=">AAACGXicbZDLSgMxFIYz9VbrrerSTbAIdVNmRNCVFN24rOi0hU4ZMmmmDc1khuSMUIZ5DTe+ihsXirjUlW9jegG19YfAx3/OSXL+IBFcg21/WYWl5ZXVteJ6aWNza3unvLvX1HGqKHNpLGLVDohmgkvmAgfB2oliJAoEawXDq3G9dc+U5rG8g1HCuhHpSx5ySsBYftn2BAuh6oWK0MxLiAJOBL7Nf9jNPcX7Azj22/gC2365YtfsifAiODOooJkafvnD68U0jZgEKojWHcdOoJuNb6eC5SUv1SwhdEj6rGNQkojpbjbZLMdHxunhMFbmSMAT9/dERiKtR1FgOiMCAz1fG5v/1TophOfdjMskBSbp9KEwFRhiPI4J97hiFMTIAKGKm79iOiAmJDBhlkwIzvzKi9A8qTl2zbk5rdQvZ3EU0QE6RFXkoDNUR9eogVxE0QN6Qi/o1Xq0nq03633aWrBmM/voj6zPb9w2oCQ=</latexit><latexit sha1_base64="rR6eqfL9EaNx66bH+K6Pbj/WOLA=">AAACGXicbZDLSgMxFIYz9VbrrerSTbAIdVNmRNCVFN24rOi0hU4ZMmmmDc1khuSMUIZ5DTe+ihsXirjUlW9jegG19YfAx3/OSXL+IBFcg21/WYWl5ZXVteJ6aWNza3unvLvX1HGqKHNpLGLVDohmgkvmAgfB2oliJAoEawXDq3G9dc+U5rG8g1HCuhHpSx5ySsBYftn2BAuh6oWK0MxLiAJOBL7Nf9jNPcX7Azj22/gC2365YtfsifAiODOooJkafvnD68U0jZgEKojWHcdOoJuNb6eC5SUv1SwhdEj6rGNQkojpbjbZLMdHxunhMFbmSMAT9/dERiKtR1FgOiMCAz1fG5v/1TophOfdjMskBSbp9KEwFRhiPI4J97hiFMTIAKGKm79iOiAmJDBhlkwIzvzKi9A8qTl2zbk5rdQvZ3EU0QE6RFXkoDNUR9eogVxE0QN6Qi/o1Xq0nq03633aWrBmM/voj6zPb9w2oCQ=</latexit><latexit sha1_base64="rR6eqfL9EaNx66bH+K6Pbj/WOLA=">AAACGXicbZDLSgMxFIYz9VbrrerSTbAIdVNmRNCVFN24rOi0hU4ZMmmmDc1khuSMUIZ5DTe+ihsXirjUlW9jegG19YfAx3/OSXL+IBFcg21/WYWl5ZXVteJ6aWNza3unvLvX1HGqKHNpLGLVDohmgkvmAgfB2oliJAoEawXDq3G9dc+U5rG8g1HCuhHpSx5ySsBYftn2BAuh6oWK0MxLiAJOBL7Nf9jNPcX7Azj22/gC2365YtfsifAiODOooJkafvnD68U0jZgEKojWHcdOoJuNb6eC5SUv1SwhdEj6rGNQkojpbjbZLMdHxunhMFbmSMAT9/dERiKtR1FgOiMCAz1fG5v/1TophOfdjMskBSbp9KEwFRhiPI4J97hiFMTIAKGKm79iOiAmJDBhlkwIzvzKi9A8qTl2zbk5rdQvZ3EU0QE6RFXkoDNUR9eogVxE0QN6Qi/o1Xq0nq03633aWrBmM/voj6zPb9w2oCQ=</latexit>



Alternative formulations
Minimum energy principle
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Proof :

Entropy 

maximisation

=> and

Consider a composite system. At a given energy U we have that

where we have denoted a generic extensive parameter for one of the sub-systems as X 
for simplicity of notation. We also take it to be implicit that all other parameters are held 
fixed in the derivative.

We further assume the following notation for the corresponding (energetic) conjugate 
variables

P ⌘
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Alternative formulations
Minimum energy principle

Proof :

Now, How?P =

✓
@U

@X

◆

S

= �T

✓
@S

@X

◆

U
<latexit sha1_base64="hzBYeFSvgR68VvdKcLWey+jUqVs=">AAACTHicbVDPSwJBGJ21MrNfVscuQxLYIdmNoC6B1KWjoauCu8jsOKuDsz+Y+TaQxT+wS4du/RVdOhQRNOpCpT4YeLz3vW9mnhcLrsA0X43c2vpGfrOwVdze2d3bLx0ctlSUSMpsGolIdjyimOAhs4GDYJ1YMhJ4grW90d3Ubz8yqXgUNmEcMzcgg5D7nBLQUq9E6/gGO4L5UHF8SWjqxEQCJwLbk1/emTiSD4Zw1mvo8fPm6kRjZcLGvVLZrJoz4GViZaSMMtR7pRenH9EkYCFQQZTqWmYMbjpdTQWbFJ1EsZjQERmwrqYhCZhy01kZE3yqlT72I6lPCHim/k2kJFBqHHh6MiAwVIveVFzldRPwr92Uh3ECLKTzi/xEYIjwtFnc55JREGNNCJVcvxXTIdENge6/qEuwFr+8TFoXVcusWg+X5dptVkcBHaMTVEEWukI1dI/qyEYUPaE39IE+jWfj3fgyvuejOSPLHKF/yOV/ACwus2s=</latexit><latexit sha1_base64="hzBYeFSvgR68VvdKcLWey+jUqVs=">AAACTHicbVDPSwJBGJ21MrNfVscuQxLYIdmNoC6B1KWjoauCu8jsOKuDsz+Y+TaQxT+wS4du/RVdOhQRNOpCpT4YeLz3vW9mnhcLrsA0X43c2vpGfrOwVdze2d3bLx0ctlSUSMpsGolIdjyimOAhs4GDYJ1YMhJ4grW90d3Ubz8yqXgUNmEcMzcgg5D7nBLQUq9E6/gGO4L5UHF8SWjqxEQCJwLbk1/emTiSD4Zw1mvo8fPm6kRjZcLGvVLZrJoz4GViZaSMMtR7pRenH9EkYCFQQZTqWmYMbjpdTQWbFJ1EsZjQERmwrqYhCZhy01kZE3yqlT72I6lPCHim/k2kJFBqHHh6MiAwVIveVFzldRPwr92Uh3ECLKTzi/xEYIjwtFnc55JREGNNCJVcvxXTIdENge6/qEuwFr+8TFoXVcusWg+X5dptVkcBHaMTVEEWukI1dI/qyEYUPaE39IE+jWfj3fgyvuejOSPLHKF/yOV/ACwus2s=</latexit><latexit sha1_base64="hzBYeFSvgR68VvdKcLWey+jUqVs=">AAACTHicbVDPSwJBGJ21MrNfVscuQxLYIdmNoC6B1KWjoauCu8jsOKuDsz+Y+TaQxT+wS4du/RVdOhQRNOpCpT4YeLz3vW9mnhcLrsA0X43c2vpGfrOwVdze2d3bLx0ctlSUSMpsGolIdjyimOAhs4GDYJ1YMhJ4grW90d3Ubz8yqXgUNmEcMzcgg5D7nBLQUq9E6/gGO4L5UHF8SWjqxEQCJwLbk1/emTiSD4Zw1mvo8fPm6kRjZcLGvVLZrJoz4GViZaSMMtR7pRenH9EkYCFQQZTqWmYMbjpdTQWbFJ1EsZjQERmwrqYhCZhy01kZE3yqlT72I6lPCHim/k2kJFBqHHh6MiAwVIveVFzldRPwr92Uh3ECLKTzi/xEYIjwtFnc55JREGNNCJVcvxXTIdENge6/qEuwFr+8TFoXVcusWg+X5dptVkcBHaMTVEEWukI1dI/qyEYUPaE39IE+jWfj3fgyvuejOSPLHKF/yOV/ACwus2s=</latexit><latexit sha1_base64="hzBYeFSvgR68VvdKcLWey+jUqVs=">AAACTHicbVDPSwJBGJ21MrNfVscuQxLYIdmNoC6B1KWjoauCu8jsOKuDsz+Y+TaQxT+wS4du/RVdOhQRNOpCpT4YeLz3vW9mnhcLrsA0X43c2vpGfrOwVdze2d3bLx0ctlSUSMpsGolIdjyimOAhs4GDYJ1YMhJ4grW90d3Ubz8yqXgUNmEcMzcgg5D7nBLQUq9E6/gGO4L5UHF8SWjqxEQCJwLbk1/emTiSD4Zw1mvo8fPm6kRjZcLGvVLZrJoz4GViZaSMMtR7pRenH9EkYCFQQZTqWmYMbjpdTQWbFJ1EsZjQERmwrqYhCZhy01kZE3yqlT72I6lPCHim/k2kJFBqHHh6MiAwVIveVFzldRPwr92Uh3ECLKTzi/xEYIjwtFnc55JREGNNCJVcvxXTIdENge6/qEuwFr+8TFoXVcusWg+X5dptVkcBHaMTVEEWukI1dI/qyEYUPaE39IE+jWfj3fgyvuejOSPLHKF/yOV/ACwus2s=</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>

=> U has an extremum at the same point X. 

Now to classify the extremum as a maximum or a minimum …



Alternative formulations
Minimum energy principle

Proof :

Let’s calculate
✓
@2U

@X2

◆

S
<latexit sha1_base64="h6UhBgaUUTwiVkibGu1OIICz4XI=">AAACGXicbVDLSgMxFM3UV62vqks3wSLUTZkpgi6LblxWtA/oTIdMmmlDM5khuSOUob/hxl9x40IRl7ryb0wfiLYeCJycc+9N7gkSwTXY9peVW1ldW9/Ibxa2tnd294r7B00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawfBq4rfumdI8lncwSpgXkb7kIacEjOQXbVewEMpuqAjN3IQo4ER0q7gx/rnhdrc6dhXvD+DUv/WLJbtiT4GXiTMnJTRH3S9+uL2YphGTQAXRuuPYCXjZZDYVbFxwU80SQoekzzqGShIx7WXTzcb4xCg9HMbKHAl4qv7uyEik9SgKTGVEYKAXvYn4n9dJIbzwMi6TFJiks4fCVGCI8SQm3OOKURAjQwhV3PwV0wExIYEJs2BCcBZXXibNasWxK87NWal2OY8jj47QMSojB52jGrpGddRAFD2gJ/SCXq1H69l6s95npTlr3nOI/sD6/AaDs6CW</latexit><latexit sha1_base64="h6UhBgaUUTwiVkibGu1OIICz4XI=">AAACGXicbVDLSgMxFM3UV62vqks3wSLUTZkpgi6LblxWtA/oTIdMmmlDM5khuSOUob/hxl9x40IRl7ryb0wfiLYeCJycc+9N7gkSwTXY9peVW1ldW9/Ibxa2tnd294r7B00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawfBq4rfumdI8lncwSpgXkb7kIacEjOQXbVewEMpuqAjN3IQo4ER0q7gx/rnhdrc6dhXvD+DUv/WLJbtiT4GXiTMnJTRH3S9+uL2YphGTQAXRuuPYCXjZZDYVbFxwU80SQoekzzqGShIx7WXTzcb4xCg9HMbKHAl4qv7uyEik9SgKTGVEYKAXvYn4n9dJIbzwMi6TFJiks4fCVGCI8SQm3OOKURAjQwhV3PwV0wExIYEJs2BCcBZXXibNasWxK87NWal2OY8jj47QMSojB52jGrpGddRAFD2gJ/SCXq1H69l6s95npTlr3nOI/sD6/AaDs6CW</latexit><latexit sha1_base64="h6UhBgaUUTwiVkibGu1OIICz4XI=">AAACGXicbVDLSgMxFM3UV62vqks3wSLUTZkpgi6LblxWtA/oTIdMmmlDM5khuSOUob/hxl9x40IRl7ryb0wfiLYeCJycc+9N7gkSwTXY9peVW1ldW9/Ibxa2tnd294r7B00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawfBq4rfumdI8lncwSpgXkb7kIacEjOQXbVewEMpuqAjN3IQo4ER0q7gx/rnhdrc6dhXvD+DUv/WLJbtiT4GXiTMnJTRH3S9+uL2YphGTQAXRuuPYCXjZZDYVbFxwU80SQoekzzqGShIx7WXTzcb4xCg9HMbKHAl4qv7uyEik9SgKTGVEYKAXvYn4n9dJIbzwMi6TFJiks4fCVGCI8SQm3OOKURAjQwhV3PwV0wExIYEJs2BCcBZXXibNasWxK87NWal2OY8jj47QMSojB52jGrpGddRAFD2gJ/SCXq1H69l6s95npTlr3nOI/sD6/AaDs6CW</latexit><latexit sha1_base64="h6UhBgaUUTwiVkibGu1OIICz4XI=">AAACGXicbVDLSgMxFM3UV62vqks3wSLUTZkpgi6LblxWtA/oTIdMmmlDM5khuSOUob/hxl9x40IRl7ryb0wfiLYeCJycc+9N7gkSwTXY9peVW1ldW9/Ibxa2tnd294r7B00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawfBq4rfumdI8lncwSpgXkb7kIacEjOQXbVewEMpuqAjN3IQo4ER0q7gx/rnhdrc6dhXvD+DUv/WLJbtiT4GXiTMnJTRH3S9+uL2YphGTQAXRuuPYCXjZZDYVbFxwU80SQoekzzqGShIx7WXTzcb4xCg9HMbKHAl4qv7uyEik9SgKTGVEYKAXvYn4n9dJIbzwMi6TFJiks4fCVGCI8SQm3OOKURAjQwhV3PwV0wExIYEJs2BCcBZXXibNasWxK87NWal2OY8jj47QMSojB52jGrpGddRAFD2gJ/SCXq1H69l6s95npTlr3nOI/sD6/AaDs6CW</latexit>

=

✓
@P

@X

◆

S
<latexit sha1_base64="rhi4UIiLa8sK+/SHwYJbO6nPpg4=">AAACGHicbZDLSsNAFIYn9VbrLerSzWAR6qYmIuhGKLpxWdHaQhPCZDpph04uzJwIJfQx3Pgqblwo4rY738ZJG1Bbfxj4+M85M3N+PxFcgWV9GaWl5ZXVtfJ6ZWNza3vH3N17UHEqKWvRWMSy4xPFBI9YCzgI1kkkI6EvWNsfXuf19iOTisfRPYwS5oakH/GAUwLa8syTS+wIFkDNCSShmZMQCZwI3Bz/cGfsSN4fwLF3hz2zatWtqfAi2AVUUaGmZ06cXkzTkEVABVGqa1sJuFl+NRVsXHFSxRJCh6TPuhojEjLlZtPFxvhIOz0cxFKfCPDU/T2RkVCpUejrzpDAQM3XcvO/WjeF4MLNeJSkwCI6eyhIBYYY5ynhHpeMghhpIFRy/VdMB0QnBDrLig7Bnl95ER5O67ZVt2/Pqo2rIo4yOkCHqIZsdI4a6AY1UQtR9IRe0Bt6N56NV+PD+Jy1loxiZh/9kTH5BkGvn+Q=</latexit><latexit sha1_base64="rhi4UIiLa8sK+/SHwYJbO6nPpg4=">AAACGHicbZDLSsNAFIYn9VbrLerSzWAR6qYmIuhGKLpxWdHaQhPCZDpph04uzJwIJfQx3Pgqblwo4rY738ZJG1Bbfxj4+M85M3N+PxFcgWV9GaWl5ZXVtfJ6ZWNza3vH3N17UHEqKWvRWMSy4xPFBI9YCzgI1kkkI6EvWNsfXuf19iOTisfRPYwS5oakH/GAUwLa8syTS+wIFkDNCSShmZMQCZwI3Bz/cGfsSN4fwLF3hz2zatWtqfAi2AVUUaGmZ06cXkzTkEVABVGqa1sJuFl+NRVsXHFSxRJCh6TPuhojEjLlZtPFxvhIOz0cxFKfCPDU/T2RkVCpUejrzpDAQM3XcvO/WjeF4MLNeJSkwCI6eyhIBYYY5ynhHpeMghhpIFRy/VdMB0QnBDrLig7Bnl95ER5O67ZVt2/Pqo2rIo4yOkCHqIZsdI4a6AY1UQtR9IRe0Bt6N56NV+PD+Jy1loxiZh/9kTH5BkGvn+Q=</latexit><latexit sha1_base64="rhi4UIiLa8sK+/SHwYJbO6nPpg4=">AAACGHicbZDLSsNAFIYn9VbrLerSzWAR6qYmIuhGKLpxWdHaQhPCZDpph04uzJwIJfQx3Pgqblwo4rY738ZJG1Bbfxj4+M85M3N+PxFcgWV9GaWl5ZXVtfJ6ZWNza3vH3N17UHEqKWvRWMSy4xPFBI9YCzgI1kkkI6EvWNsfXuf19iOTisfRPYwS5oakH/GAUwLa8syTS+wIFkDNCSShmZMQCZwI3Bz/cGfsSN4fwLF3hz2zatWtqfAi2AVUUaGmZ06cXkzTkEVABVGqa1sJuFl+NRVsXHFSxRJCh6TPuhojEjLlZtPFxvhIOz0cxFKfCPDU/T2RkVCpUejrzpDAQM3XcvO/WjeF4MLNeJSkwCI6eyhIBYYY5ynhHpeMghhpIFRy/VdMB0QnBDrLig7Bnl95ER5O67ZVt2/Pqo2rIo4yOkCHqIZsdI4a6AY1UQtR9IRe0Bt6N56NV+PD+Jy1loxiZh/9kTH5BkGvn+Q=</latexit><latexit sha1_base64="rhi4UIiLa8sK+/SHwYJbO6nPpg4=">AAACGHicbZDLSsNAFIYn9VbrLerSzWAR6qYmIuhGKLpxWdHaQhPCZDpph04uzJwIJfQx3Pgqblwo4rY738ZJG1Bbfxj4+M85M3N+PxFcgWV9GaWl5ZXVtfJ6ZWNza3vH3N17UHEqKWvRWMSy4xPFBI9YCzgI1kkkI6EvWNsfXuf19iOTisfRPYwS5oakH/GAUwLa8syTS+wIFkDNCSShmZMQCZwI3Bz/cGfsSN4fwLF3hz2zatWtqfAi2AVUUaGmZ06cXkzTkEVABVGqa1sJuFl+NRVsXHFSxRJCh6TPuhojEjLlZtPFxvhIOz0cxFKfCPDU/T2RkVCpUejrzpDAQM3XcvO/WjeF4MLNeJSkwCI6eyhIBYYY5ynhHpeMghhpIFRy/VdMB0QnBDrLig7Bnl95ER5O67ZVt2/Pqo2rIo4yOkCHqIZsdI4a6AY1UQtR9IRe0Bt6N56NV+PD+Jy1loxiZh/9kTH5BkGvn+Q=</latexit>

=

✓
@P

@U

◆

X

✓
@U

@X

◆

S

+

✓
@P

@X

◆

U
<latexit sha1_base64="HoKmUJjV7QjV5A6Q/l6wVXM6ekk="></latexit><latexit sha1_base64="HoKmUJjV7QjV5A6Q/l6wVXM6ekk="></latexit><latexit sha1_base64="HoKmUJjV7QjV5A6Q/l6wVXM6ekk="></latexit><latexit sha1_base64="HoKmUJjV7QjV5A6Q/l6wVXM6ekk="></latexit>

How?

=

✓
@P

@U

◆

X

P +

✓
@P

@X

◆

U
<latexit sha1_base64="7fRQ0rjLNJGQvaiLnUtzUWUva1c=">AAACSHichVBLSwMxGMyur1pfVY9egkWoCGVXBL0IRS8eK7jtQrcs2TTbBrMPkm+FsvTnefHozd/gxYMi3sy2xUcrOBAYZr75kkyQCq7Asp4Mc2FxaXmltFpeW9/Y3Kps77RUkknKHJqIRLoBUUzwmDnAQTA3lYxEgWDt4Pay8Nt3TCqexDcwTFk3Iv2Yh5wS0JJf8c+xJ1gINS+UhOZeSiRwInBz9M2dkSd5fwCHvoub+Oj/gPsVcPxK1apbY+B5Yk9JFU3R9CuPXi+hWcRioIIo1bGtFLp5sZkKNip7mWIpobekzzqaxiRiqpuPixjhA630cJhIfWLAY/VnIieRUsMo0JMRgYGa9QrxL6+TQXjWzXmcZsBiOrkozASGBBet4h6XjIIYakKo5PqtmA6ILgh092Vdgj375XnSOq7bVt2+Pqk2LqZ1lNAe2kc1ZKNT1EBXqIkcRNE9ekav6M14MF6Md+NjMmoa08wu+gXT/ATfELJq</latexit><latexit sha1_base64="7fRQ0rjLNJGQvaiLnUtzUWUva1c=">AAACSHichVBLSwMxGMyur1pfVY9egkWoCGVXBL0IRS8eK7jtQrcs2TTbBrMPkm+FsvTnefHozd/gxYMi3sy2xUcrOBAYZr75kkyQCq7Asp4Mc2FxaXmltFpeW9/Y3Kps77RUkknKHJqIRLoBUUzwmDnAQTA3lYxEgWDt4Pay8Nt3TCqexDcwTFk3Iv2Yh5wS0JJf8c+xJ1gINS+UhOZeSiRwInBz9M2dkSd5fwCHvoub+Oj/gPsVcPxK1apbY+B5Yk9JFU3R9CuPXi+hWcRioIIo1bGtFLp5sZkKNip7mWIpobekzzqaxiRiqpuPixjhA630cJhIfWLAY/VnIieRUsMo0JMRgYGa9QrxL6+TQXjWzXmcZsBiOrkozASGBBet4h6XjIIYakKo5PqtmA6ILgh092Vdgj375XnSOq7bVt2+Pqk2LqZ1lNAe2kc1ZKNT1EBXqIkcRNE9ekav6M14MF6Md+NjMmoa08wu+gXT/ATfELJq</latexit><latexit sha1_base64="7fRQ0rjLNJGQvaiLnUtzUWUva1c=">AAACSHichVBLSwMxGMyur1pfVY9egkWoCGVXBL0IRS8eK7jtQrcs2TTbBrMPkm+FsvTnefHozd/gxYMi3sy2xUcrOBAYZr75kkyQCq7Asp4Mc2FxaXmltFpeW9/Y3Kps77RUkknKHJqIRLoBUUzwmDnAQTA3lYxEgWDt4Pay8Nt3TCqexDcwTFk3Iv2Yh5wS0JJf8c+xJ1gINS+UhOZeSiRwInBz9M2dkSd5fwCHvoub+Oj/gPsVcPxK1apbY+B5Yk9JFU3R9CuPXi+hWcRioIIo1bGtFLp5sZkKNip7mWIpobekzzqaxiRiqpuPixjhA630cJhIfWLAY/VnIieRUsMo0JMRgYGa9QrxL6+TQXjWzXmcZsBiOrkozASGBBet4h6XjIIYakKo5PqtmA6ILgh092Vdgj375XnSOq7bVt2+Pqk2LqZ1lNAe2kc1ZKNT1EBXqIkcRNE9ekav6M14MF6Md+NjMmoa08wu+gXT/ATfELJq</latexit><latexit sha1_base64="7fRQ0rjLNJGQvaiLnUtzUWUva1c=">AAACSHichVBLSwMxGMyur1pfVY9egkWoCGVXBL0IRS8eK7jtQrcs2TTbBrMPkm+FsvTnefHozd/gxYMi3sy2xUcrOBAYZr75kkyQCq7Asp4Mc2FxaXmltFpeW9/Y3Kps77RUkknKHJqIRLoBUUzwmDnAQTA3lYxEgWDt4Pay8Nt3TCqexDcwTFk3Iv2Yh5wS0JJf8c+xJ1gINS+UhOZeSiRwInBz9M2dkSd5fwCHvoub+Oj/gPsVcPxK1apbY+B5Yk9JFU3R9CuPXi+hWcRioIIo1bGtFLp5sZkKNip7mWIpobekzzqaxiRiqpuPixjhA630cJhIfWLAY/VnIieRUsMo0JMRgYGa9QrxL6+TQXjWzXmcZsBiOrkozASGBBet4h6XjIIYakKo5PqtmA6ILgh092Vdgj375XnSOq7bVt2+Pqk2LqZ1lNAe2kc1ZKNT1EBXqIkcRNE9ekav6M14MF6Md+NjMmoa08wu+gXT/ATfELJq</latexit>

=

✓
@P

@X

◆

U
<latexit sha1_base64="n9GDYTW4GBkRyRLOIDB3O8LaqR0=">AAACF3icbZDLSsNAFIYnXmu9VV26GSxC3YREBN0IRTcuK5i20IQwmU7aoZMLMydCCXkLN76KGxeKuNWdb+O0DaitPwx8/OecmTl/kAquwLK+jKXlldW19cpGdXNre2e3trffVkkmKXNoIhLZDYhigsfMAQ6CdVPJSBQI1glG15N6555JxZP4DsYp8yIyiHnIKQFt+TXzEruChdBwQ0lo7qZEAicCt4of7hau5IMhnPiOX6tbpjUVXgS7hDoq1fJrn24/oVnEYqCCKNWzrRS8fHIzFayoupliKaEjMmA9jTGJmPLy6V4FPtZOH4eJ1CcGPHV/T+QkUmocBbozIjBU87WJ+V+tl0F44eU8TjNgMZ09FGYCQ4InIeE+l4yCGGsgVHL9V0yHRAcEOsqqDsGeX3kR2qembZn27Vm9eVXGUUGH6Ag1kI3OURPdoBZyEEUP6Am9oFfj0Xg23oz3WeuSUc4coD8yPr4B3YifvA==</latexit><latexit sha1_base64="n9GDYTW4GBkRyRLOIDB3O8LaqR0=">AAACF3icbZDLSsNAFIYnXmu9VV26GSxC3YREBN0IRTcuK5i20IQwmU7aoZMLMydCCXkLN76KGxeKuNWdb+O0DaitPwx8/OecmTl/kAquwLK+jKXlldW19cpGdXNre2e3trffVkkmKXNoIhLZDYhigsfMAQ6CdVPJSBQI1glG15N6555JxZP4DsYp8yIyiHnIKQFt+TXzEruChdBwQ0lo7qZEAicCt4of7hau5IMhnPiOX6tbpjUVXgS7hDoq1fJrn24/oVnEYqCCKNWzrRS8fHIzFayoupliKaEjMmA9jTGJmPLy6V4FPtZOH4eJ1CcGPHV/T+QkUmocBbozIjBU87WJ+V+tl0F44eU8TjNgMZ09FGYCQ4InIeE+l4yCGGsgVHL9V0yHRAcEOsqqDsGeX3kR2qembZn27Vm9eVXGUUGH6Ag1kI3OURPdoBZyEEUP6Am9oFfj0Xg23oz3WeuSUc4coD8yPr4B3YifvA==</latexit><latexit sha1_base64="n9GDYTW4GBkRyRLOIDB3O8LaqR0=">AAACF3icbZDLSsNAFIYnXmu9VV26GSxC3YREBN0IRTcuK5i20IQwmU7aoZMLMydCCXkLN76KGxeKuNWdb+O0DaitPwx8/OecmTl/kAquwLK+jKXlldW19cpGdXNre2e3trffVkkmKXNoIhLZDYhigsfMAQ6CdVPJSBQI1glG15N6555JxZP4DsYp8yIyiHnIKQFt+TXzEruChdBwQ0lo7qZEAicCt4of7hau5IMhnPiOX6tbpjUVXgS7hDoq1fJrn24/oVnEYqCCKNWzrRS8fHIzFayoupliKaEjMmA9jTGJmPLy6V4FPtZOH4eJ1CcGPHV/T+QkUmocBbozIjBU87WJ+V+tl0F44eU8TjNgMZ09FGYCQ4InIeE+l4yCGGsgVHL9V0yHRAcEOsqqDsGeX3kR2qembZn27Vm9eVXGUUGH6Ag1kI3OURPdoBZyEEUP6Am9oFfj0Xg23oz3WeuSUc4coD8yPr4B3YifvA==</latexit><latexit sha1_base64="n9GDYTW4GBkRyRLOIDB3O8LaqR0=">AAACF3icbZDLSsNAFIYnXmu9VV26GSxC3YREBN0IRTcuK5i20IQwmU7aoZMLMydCCXkLN76KGxeKuNWdb+O0DaitPwx8/OecmTl/kAquwLK+jKXlldW19cpGdXNre2e3trffVkkmKXNoIhLZDYhigsfMAQ6CdVPJSBQI1glG15N6555JxZP4DsYp8yIyiHnIKQFt+TXzEruChdBwQ0lo7qZEAicCt4of7hau5IMhnPiOX6tbpjUVXgS7hDoq1fJrn24/oVnEYqCCKNWzrRS8fHIzFayoupliKaEjMmA9jTGJmPLy6V4FPtZOH4eJ1CcGPHV/T+QkUmocBbozIjBU87WJ+V+tl0F44eU8TjNgMZ09FGYCQ4InIeE+l4yCGGsgVHL9V0yHRAcEOsqqDsGeX3kR2qembZn27Vm9eVXGUUGH6Ag1kI3OURPdoBZyEEUP6Am9oFfj0Xg23oz3WeuSUc4coD8yPr4B3YifvA==</latexit>

At P = 0

= �T
@2S

@X2
> 0

<latexit sha1_base64="1iKDdrCp2Kf5VB6XfQ4uBBrKYu4=">AAACE3icbVBNS8MwGE79nPOr6tFLcAgiONoh6EUZevE4cV+wdiPN0i0sTUuSCqP0P3jxr3jxoIhXL978N6ZbEd18IPDked73Td7HixiVyrK+jIXFpeWV1cJacX1jc2vb3NltyjAWmDRwyELR9pAkjHLSUFQx0o4EQYHHSMsbXWd+654ISUNeV+OIuAEacOpTjJSWeubxBTypQ8cXCCdOhISiiHUr8C79ucF2t5LCS2j1zJJVtiaA88TOSQnkqPXMT6cf4jggXGGGpOzYVqTcJBuLGUmLTixJhPAIDUhHU44CIt1kslMKD7XSh34o9OEKTtTfHQkKpBwHnq4MkBrKWS8T//M6sfLP3YTyKFaE4+lDfsygCmEWEOxTQbBiY00QFlT/FeIh0vkoHWNRh2DPrjxPmpWybZXt29NS9SqPowD2wQE4AjY4A1VwA2qgATB4AE/gBbwaj8az8Wa8T0sXjLxnD/yB8fENReycgA==</latexit><latexit sha1_base64="1iKDdrCp2Kf5VB6XfQ4uBBrKYu4=">AAACE3icbVBNS8MwGE79nPOr6tFLcAgiONoh6EUZevE4cV+wdiPN0i0sTUuSCqP0P3jxr3jxoIhXL978N6ZbEd18IPDked73Td7HixiVyrK+jIXFpeWV1cJacX1jc2vb3NltyjAWmDRwyELR9pAkjHLSUFQx0o4EQYHHSMsbXWd+654ISUNeV+OIuAEacOpTjJSWeubxBTypQ8cXCCdOhISiiHUr8C79ucF2t5LCS2j1zJJVtiaA88TOSQnkqPXMT6cf4jggXGGGpOzYVqTcJBuLGUmLTixJhPAIDUhHU44CIt1kslMKD7XSh34o9OEKTtTfHQkKpBwHnq4MkBrKWS8T//M6sfLP3YTyKFaE4+lDfsygCmEWEOxTQbBiY00QFlT/FeIh0vkoHWNRh2DPrjxPmpWybZXt29NS9SqPowD2wQE4AjY4A1VwA2qgATB4AE/gBbwaj8az8Wa8T0sXjLxnD/yB8fENReycgA==</latexit><latexit sha1_base64="1iKDdrCp2Kf5VB6XfQ4uBBrKYu4=">AAACE3icbVBNS8MwGE79nPOr6tFLcAgiONoh6EUZevE4cV+wdiPN0i0sTUuSCqP0P3jxr3jxoIhXL978N6ZbEd18IPDked73Td7HixiVyrK+jIXFpeWV1cJacX1jc2vb3NltyjAWmDRwyELR9pAkjHLSUFQx0o4EQYHHSMsbXWd+654ISUNeV+OIuAEacOpTjJSWeubxBTypQ8cXCCdOhISiiHUr8C79ucF2t5LCS2j1zJJVtiaA88TOSQnkqPXMT6cf4jggXGGGpOzYVqTcJBuLGUmLTixJhPAIDUhHU44CIt1kslMKD7XSh34o9OEKTtTfHQkKpBwHnq4MkBrKWS8T//M6sfLP3YTyKFaE4+lDfsygCmEWEOxTQbBiY00QFlT/FeIh0vkoHWNRh2DPrjxPmpWybZXt29NS9SqPowD2wQE4AjY4A1VwA2qgATB4AE/gBbwaj8az8Wa8T0sXjLxnD/yB8fENReycgA==</latexit><latexit sha1_base64="1iKDdrCp2Kf5VB6XfQ4uBBrKYu4=">AAACE3icbVBNS8MwGE79nPOr6tFLcAgiONoh6EUZevE4cV+wdiPN0i0sTUuSCqP0P3jxr3jxoIhXL978N6ZbEd18IPDked73Td7HixiVyrK+jIXFpeWV1cJacX1jc2vb3NltyjAWmDRwyELR9pAkjHLSUFQx0o4EQYHHSMsbXWd+654ISUNeV+OIuAEacOpTjJSWeubxBTypQ8cXCCdOhISiiHUr8C79ucF2t5LCS2j1zJJVtiaA88TOSQnkqPXMT6cf4jggXGGGpOzYVqTcJBuLGUmLTixJhPAIDUhHU44CIt1kslMKD7XSh34o9OEKTtTfHQkKpBwHnq4MkBrKWS8T//M6sfLP3YTyKFaE4+lDfsygCmEWEOxTQbBiY00QFlT/FeIh0vkoHWNRh2DPrjxPmpWybZXt29NS9SqPowD2wQE4AjY4A1VwA2qgATB4AE/gBbwaj8az8Wa8T0sXjLxnD/yB8fENReycgA==</latexit>

@S

@X
= 0

<latexit sha1_base64="CEToYd8OeC9dsrelBCXjsd5kpUw=">AAACC3icbZDLSsNAFIZPvNZ6i7p0M7QIrkoigm6EohuXFe0F2lAm00k7dDIJMxOhhOzd+CpuXCji1hdw59s4aQNq6w8DH/85Z2bO78ecKe04X9bS8srq2nppo7y5tb2za+/tt1SUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj6/yevueSsUicacnMfVCPBQsYARrY/XtCuoFEpO0F2OpGeboNvvhToYukNO3q07NmQotgltAFQo1+vZnbxCRJKRCE46V6rpOrL00v5RwmpV7iaIxJmM8pF2DAodUeel0lwwdGWeAgkiaIzSaur8nUhwqNQl90xliPVLztdz8r9ZNdHDupUzEiaaCzB4KEo50hPJg0IBJSjSfGMBEMvNXREbYZKNNfGUTgju/8iK0TmquU3NvTqv1yyKOEhxCBY7BhTOowzU0oAkEHuAJXuDVerSerTfrfda6ZBUzB/BH1sc3wYeaMQ==</latexit><latexit sha1_base64="CEToYd8OeC9dsrelBCXjsd5kpUw=">AAACC3icbZDLSsNAFIZPvNZ6i7p0M7QIrkoigm6EohuXFe0F2lAm00k7dDIJMxOhhOzd+CpuXCji1hdw59s4aQNq6w8DH/85Z2bO78ecKe04X9bS8srq2nppo7y5tb2za+/tt1SUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj6/yevueSsUicacnMfVCPBQsYARrY/XtCuoFEpO0F2OpGeboNvvhToYukNO3q07NmQotgltAFQo1+vZnbxCRJKRCE46V6rpOrL00v5RwmpV7iaIxJmM8pF2DAodUeel0lwwdGWeAgkiaIzSaur8nUhwqNQl90xliPVLztdz8r9ZNdHDupUzEiaaCzB4KEo50hPJg0IBJSjSfGMBEMvNXREbYZKNNfGUTgju/8iK0TmquU3NvTqv1yyKOEhxCBY7BhTOowzU0oAkEHuAJXuDVerSerTfrfda6ZBUzB/BH1sc3wYeaMQ==</latexit><latexit sha1_base64="CEToYd8OeC9dsrelBCXjsd5kpUw=">AAACC3icbZDLSsNAFIZPvNZ6i7p0M7QIrkoigm6EohuXFe0F2lAm00k7dDIJMxOhhOzd+CpuXCji1hdw59s4aQNq6w8DH/85Z2bO78ecKe04X9bS8srq2nppo7y5tb2za+/tt1SUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj6/yevueSsUicacnMfVCPBQsYARrY/XtCuoFEpO0F2OpGeboNvvhToYukNO3q07NmQotgltAFQo1+vZnbxCRJKRCE46V6rpOrL00v5RwmpV7iaIxJmM8pF2DAodUeel0lwwdGWeAgkiaIzSaur8nUhwqNQl90xliPVLztdz8r9ZNdHDupUzEiaaCzB4KEo50hPJg0IBJSjSfGMBEMvNXREbYZKNNfGUTgju/8iK0TmquU3NvTqv1yyKOEhxCBY7BhTOowzU0oAkEHuAJXuDVerSerTfrfda6ZBUzB/BH1sc3wYeaMQ==</latexit><latexit sha1_base64="CEToYd8OeC9dsrelBCXjsd5kpUw=">AAACC3icbZDLSsNAFIZPvNZ6i7p0M7QIrkoigm6EohuXFe0F2lAm00k7dDIJMxOhhOzd+CpuXCji1hdw59s4aQNq6w8DH/85Z2bO78ecKe04X9bS8srq2nppo7y5tb2za+/tt1SUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj6/yevueSsUicacnMfVCPBQsYARrY/XtCuoFEpO0F2OpGeboNvvhToYukNO3q07NmQotgltAFQo1+vZnbxCRJKRCE46V6rpOrL00v5RwmpV7iaIxJmM8pF2DAodUeel0lwwdGWeAgkiaIzSaur8nUhwqNQl90xliPVLztdz8r9ZNdHDupUzEiaaCzB4KEo50hPJg0IBJSjSfGMBEMvNXREbYZKNNfGUTgju/8iK0TmquU3NvTqv1yyKOEhxCBY7BhTOowzU0oAkEHuAJXuDVerSerTfrfda6ZBUzB/BH1sc3wYeaMQ==</latexit>

at How?Thus, U is minimum!



Alternative formulations
Minimum energy principle

Illustration :

U fixed S maximised

RWS RWS

S fixed U minimised

Can use this principle instead of entropy maximisation for solving problems.


