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Lecture 4 Energy in classical systems



Introduction and Review
Lecture Plan 

Concept of Energy 
• A conservation principle

• Classical single particle

• Classical N-particle system

• Postulate of extensivity of energy



Concept of Energy
A conservation principle

The work done in taking a (macroscopic) system between two equilibrium 
states through an adiabatic process is independent of the path taken.


The implied state function is termed as internal energy of the system (U) 
defined as the capacity to do work.

Conservation principle : Macroscopic systems have definite and precise 
energies subject to a definite conservation principle. (First law of ThermoD)



Concept of Energy
Classical single particle

Classical mechanics ascribes (time-varying) coordinates (r) and velocities 
(v) of a particle as its dynamical degrees.  

Thus,

F = m
dv

dt
<latexit sha1_base64="XWfaz7p1dHz3TWEWdZ0FyCm8uIg=">AAACCXicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0ItQFMRjBfsBTSmbzaZdupuE3U2hhFy9+Fe8eFDEq//Am//GbZuDtj4YeLw3w8w8P+FMacf5tkorq2vrG+XNytb2zu6evX/QUnEqCW2SmMey42NFOYtoUzPNaSeRFAuf07Y/upn67TGVisXRg54ktCfwIGIhI1gbqW+jzPNDdJujKySQF0pMsmCujfM8C3Tet6tOzZkBLRO3IFUo0OjbX14Qk1TQSBOOleq6TqJ7GZaaEU7zipcqmmAywgPaNTTCgqpeNvskRydGCVAYS1ORRjP190SGhVIT4ZtOgfVQLXpT8T+vm+rwspexKEk1jch8UZhypGM0jQUFTFKi+cQQTCQztyIyxCYObcKrmBDcxZeXSeus5jo19/68Wr8u4ijDERzDKbhwAXW4gwY0gcAjPMMrvFlP1ov1bn3MW0tWMXMIf2B9/gA9/plt</latexit><latexit sha1_base64="XWfaz7p1dHz3TWEWdZ0FyCm8uIg=">AAACCXicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0ItQFMRjBfsBTSmbzaZdupuE3U2hhFy9+Fe8eFDEq//Am//GbZuDtj4YeLw3w8w8P+FMacf5tkorq2vrG+XNytb2zu6evX/QUnEqCW2SmMey42NFOYtoUzPNaSeRFAuf07Y/upn67TGVisXRg54ktCfwIGIhI1gbqW+jzPNDdJujKySQF0pMsmCujfM8C3Tet6tOzZkBLRO3IFUo0OjbX14Qk1TQSBOOleq6TqJ7GZaaEU7zipcqmmAywgPaNTTCgqpeNvskRydGCVAYS1ORRjP190SGhVIT4ZtOgfVQLXpT8T+vm+rwspexKEk1jch8UZhypGM0jQUFTFKi+cQQTCQztyIyxCYObcKrmBDcxZeXSeus5jo19/68Wr8u4ijDERzDKbhwAXW4gwY0gcAjPMMrvFlP1ov1bn3MW0tWMXMIf2B9/gA9/plt</latexit><latexit sha1_base64="XWfaz7p1dHz3TWEWdZ0FyCm8uIg=">AAACCXicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0ItQFMRjBfsBTSmbzaZdupuE3U2hhFy9+Fe8eFDEq//Am//GbZuDtj4YeLw3w8w8P+FMacf5tkorq2vrG+XNytb2zu6evX/QUnEqCW2SmMey42NFOYtoUzPNaSeRFAuf07Y/upn67TGVisXRg54ktCfwIGIhI1gbqW+jzPNDdJujKySQF0pMsmCujfM8C3Tet6tOzZkBLRO3IFUo0OjbX14Qk1TQSBOOleq6TqJ7GZaaEU7zipcqmmAywgPaNTTCgqpeNvskRydGCVAYS1ORRjP190SGhVIT4ZtOgfVQLXpT8T+vm+rwspexKEk1jch8UZhypGM0jQUFTFKi+cQQTCQztyIyxCYObcKrmBDcxZeXSeus5jo19/68Wr8u4ijDERzDKbhwAXW4gwY0gcAjPMMrvFlP1ov1bn3MW0tWMXMIf2B9/gA9/plt</latexit><latexit sha1_base64="XWfaz7p1dHz3TWEWdZ0FyCm8uIg=">AAACCXicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0ItQFMRjBfsBTSmbzaZdupuE3U2hhFy9+Fe8eFDEq//Am//GbZuDtj4YeLw3w8w8P+FMacf5tkorq2vrG+XNytb2zu6evX/QUnEqCW2SmMey42NFOYtoUzPNaSeRFAuf07Y/upn67TGVisXRg54ktCfwIGIhI1gbqW+jzPNDdJujKySQF0pMsmCujfM8C3Tet6tOzZkBLRO3IFUo0OjbX14Qk1TQSBOOleq6TqJ7GZaaEU7zipcqmmAywgPaNTTCgqpeNvskRydGCVAYS1ORRjP190SGhVIT4ZtOgfVQLXpT8T+vm+rwspexKEk1jch8UZhypGM0jQUFTFKi+cQQTCQztyIyxCYObcKrmBDcxZeXSeus5jo19/68Wr8u4ijDERzDKbhwAXW4gwY0gcAjPMMrvFlP1ov1bn3MW0tWMXMIf2B9/gA9/plt</latexit>

v =
dr

dt
<latexit sha1_base64="U0cQksAmgxZS6hmQ1qfYdADPln8=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUlE0I1QdOOygn1AE8pkMmmHTh7M3BRKyNKNv+LGhSJu/QR3/o3TNAttPXDhcM693HuPlwiuwLK+jcrK6tr6RnWztrW9s7tn7h90VJxKyto0FrHseUQxwSPWBg6C9RLJSOgJ1vXGtzO/O2FS8Th6gGnC3JAMIx5wSkBLA/M4c7wAT3J8jZ1AEpr5uFBknmc+5Hhg1q2GVQAvE7skdVSiNTC/HD+macgioIIo1betBNyMSOBUsLzmpIolhI7JkPU1jUjIlJsVj+T4VCs+DmKpKwJcqL8nMhIqNQ093RkSGKlFbyb+5/VTCK7cjEdJCiyi80VBKjDEeJYK9rlkFMRUE0Il17diOiI6D9DZ1XQI9uLLy6Rz3rCthn1/UW/elHFU0RE6QWfIRpeoie5QC7URRY/oGb2iN+PJeDHejY95a8UoZw7RHxifP7RGmSI=</latexit><latexit sha1_base64="U0cQksAmgxZS6hmQ1qfYdADPln8=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUlE0I1QdOOygn1AE8pkMmmHTh7M3BRKyNKNv+LGhSJu/QR3/o3TNAttPXDhcM693HuPlwiuwLK+jcrK6tr6RnWztrW9s7tn7h90VJxKyto0FrHseUQxwSPWBg6C9RLJSOgJ1vXGtzO/O2FS8Th6gGnC3JAMIx5wSkBLA/M4c7wAT3J8jZ1AEpr5uFBknmc+5Hhg1q2GVQAvE7skdVSiNTC/HD+macgioIIo1betBNyMSOBUsLzmpIolhI7JkPU1jUjIlJsVj+T4VCs+DmKpKwJcqL8nMhIqNQ093RkSGKlFbyb+5/VTCK7cjEdJCiyi80VBKjDEeJYK9rlkFMRUE0Il17diOiI6D9DZ1XQI9uLLy6Rz3rCthn1/UW/elHFU0RE6QWfIRpeoie5QC7URRY/oGb2iN+PJeDHejY95a8UoZw7RHxifP7RGmSI=</latexit><latexit sha1_base64="U0cQksAmgxZS6hmQ1qfYdADPln8=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUlE0I1QdOOygn1AE8pkMmmHTh7M3BRKyNKNv+LGhSJu/QR3/o3TNAttPXDhcM693HuPlwiuwLK+jcrK6tr6RnWztrW9s7tn7h90VJxKyto0FrHseUQxwSPWBg6C9RLJSOgJ1vXGtzO/O2FS8Th6gGnC3JAMIx5wSkBLA/M4c7wAT3J8jZ1AEpr5uFBknmc+5Hhg1q2GVQAvE7skdVSiNTC/HD+macgioIIo1betBNyMSOBUsLzmpIolhI7JkPU1jUjIlJsVj+T4VCs+DmKpKwJcqL8nMhIqNQ093RkSGKlFbyb+5/VTCK7cjEdJCiyi80VBKjDEeJYK9rlkFMRUE0Il17diOiI6D9DZ1XQI9uLLy6Rz3rCthn1/UW/elHFU0RE6QWfIRpeoie5QC7URRY/oGb2iN+PJeDHejY95a8UoZw7RHxifP7RGmSI=</latexit><latexit sha1_base64="U0cQksAmgxZS6hmQ1qfYdADPln8=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUlE0I1QdOOygn1AE8pkMmmHTh7M3BRKyNKNv+LGhSJu/QR3/o3TNAttPXDhcM693HuPlwiuwLK+jcrK6tr6RnWztrW9s7tn7h90VJxKyto0FrHseUQxwSPWBg6C9RLJSOgJ1vXGtzO/O2FS8Th6gGnC3JAMIx5wSkBLA/M4c7wAT3J8jZ1AEpr5uFBknmc+5Hhg1q2GVQAvE7skdVSiNTC/HD+macgioIIo1betBNyMSOBUsLzmpIolhI7JkPU1jUjIlJsVj+T4VCs+DmKpKwJcqL8nMhIqNQ093RkSGKlFbyb+5/VTCK7cjEdJCiyi80VBKjDEeJYK9rlkFMRUE0Il17diOiI6D9DZ1XQI9uLLy6Rz3rCthn1/UW/elHFU0RE6QWfIRpeoie5QC7URRY/oGb2iN+PJeDHejY95a8UoZw7RHxifP7RGmSI=</latexit>

Newton’s Law

✏kin =
1

2
mv2

<latexit sha1_base64="PnqNlNWTAZreFE31xXrj/OMlqhs=">AAACEnicbZDLSgMxFIYz9VbrbdSlm2ARdFNmiqAboejGZQV7gU4tmTTThiaZIckUSphncOOruHGhiFtX7nwb03YW2vpD4OM/53By/jBhVGnP+3YKK6tr6xvFzdLW9s7unrt/0FRxKjFp4JjFsh0iRRgVpKGpZqSdSIJ4yEgrHN1M660xkYrG4l5PEtLlaCBoRDHS1uq5ZwFJFGUWzYiKDF7BIJIIGz8z1QxyaIIwguPsoQp7btmreDPBZfBzKINc9Z77FfRjnHIiNGZIqY7vJbprkNQUM5KVglSRBOERGpCORYE4UV0zOymDJ9bpwyiW9gkNZ+7vCYO4UhMe2k6O9FAt1qbmf7VOqqPLrqEiSTUReL4oShnUMZzmA/tUEqzZxALCktq/QjxENhJtUyzZEPzFk5ehWa34XsW/Oy/XrvM4iuAIHINT4IMLUAO3oA4aAINH8AxewZvz5Lw4787HvLXg5DOH4I+czx8SvZ0L</latexit><latexit sha1_base64="PnqNlNWTAZreFE31xXrj/OMlqhs=">AAACEnicbZDLSgMxFIYz9VbrbdSlm2ARdFNmiqAboejGZQV7gU4tmTTThiaZIckUSphncOOruHGhiFtX7nwb03YW2vpD4OM/53By/jBhVGnP+3YKK6tr6xvFzdLW9s7unrt/0FRxKjFp4JjFsh0iRRgVpKGpZqSdSIJ4yEgrHN1M660xkYrG4l5PEtLlaCBoRDHS1uq5ZwFJFGUWzYiKDF7BIJIIGz8z1QxyaIIwguPsoQp7btmreDPBZfBzKINc9Z77FfRjnHIiNGZIqY7vJbprkNQUM5KVglSRBOERGpCORYE4UV0zOymDJ9bpwyiW9gkNZ+7vCYO4UhMe2k6O9FAt1qbmf7VOqqPLrqEiSTUReL4oShnUMZzmA/tUEqzZxALCktq/QjxENhJtUyzZEPzFk5ehWa34XsW/Oy/XrvM4iuAIHINT4IMLUAO3oA4aAINH8AxewZvz5Lw4787HvLXg5DOH4I+czx8SvZ0L</latexit><latexit sha1_base64="PnqNlNWTAZreFE31xXrj/OMlqhs=">AAACEnicbZDLSgMxFIYz9VbrbdSlm2ARdFNmiqAboejGZQV7gU4tmTTThiaZIckUSphncOOruHGhiFtX7nwb03YW2vpD4OM/53By/jBhVGnP+3YKK6tr6xvFzdLW9s7unrt/0FRxKjFp4JjFsh0iRRgVpKGpZqSdSIJ4yEgrHN1M660xkYrG4l5PEtLlaCBoRDHS1uq5ZwFJFGUWzYiKDF7BIJIIGz8z1QxyaIIwguPsoQp7btmreDPBZfBzKINc9Z77FfRjnHIiNGZIqY7vJbprkNQUM5KVglSRBOERGpCORYE4UV0zOymDJ9bpwyiW9gkNZ+7vCYO4UhMe2k6O9FAt1qbmf7VOqqPLrqEiSTUReL4oShnUMZzmA/tUEqzZxALCktq/QjxENhJtUyzZEPzFk5ehWa34XsW/Oy/XrvM4iuAIHINT4IMLUAO3oA4aAINH8AxewZvz5Lw4787HvLXg5DOH4I+czx8SvZ0L</latexit><latexit sha1_base64="PnqNlNWTAZreFE31xXrj/OMlqhs=">AAACEnicbZDLSgMxFIYz9VbrbdSlm2ARdFNmiqAboejGZQV7gU4tmTTThiaZIckUSphncOOruHGhiFtX7nwb03YW2vpD4OM/53By/jBhVGnP+3YKK6tr6xvFzdLW9s7unrt/0FRxKjFp4JjFsh0iRRgVpKGpZqSdSIJ4yEgrHN1M660xkYrG4l5PEtLlaCBoRDHS1uq5ZwFJFGUWzYiKDF7BIJIIGz8z1QxyaIIwguPsoQp7btmreDPBZfBzKINc9Z77FfRjnHIiNGZIqY7vJbprkNQUM5KVglSRBOERGpCORYE4UV0zOymDJ9bpwyiW9gkNZ+7vCYO4UhMe2k6O9FAt1qbmf7VOqqPLrqEiSTUReL4oShnUMZzmA/tUEqzZxALCktq/QjxENhJtUyzZEPzFk5ehWa34XsW/Oy/XrvM4iuAIHINT4IMLUAO3oA4aAINH8AxewZvz5Lw4787HvLXg5DOH4I+czx8SvZ0L</latexit>

Translational 

kinetic energy

d✏kin
dt

= v · F
<latexit sha1_base64="KWIl//pVCDCzdfQPGgRkmwcviAI=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VwVRIVdCMUBXFZwT6gKWUymbRDJ5Mwc1MoIR/ixl9x40IRNy4E/8Zpm4VWD1w4c869zL3HTwTX4DhfVmlpeWV1rbxe2djc2t6xd/daOk4VZU0ai1h1fKKZ4JI1gYNgnUQxEvmCtf3R9dRvj5nSPJb3MElYLyIDyUNOCRipb596oSI0C7DHEs2FkbIRl3meBZDjS5x5fojHuUeDGOaPmxz37apTc2bAf4lbkCoq0OjbH14Q0zRiEqggWnddJ4FeRhRwKlhe8VLNEkJHZMC6hkoSMd3LZsfl+MgoAQ5jZUoCnqk/JzISaT2JfNMZERjqRW8q/ud1UwgvehmXSQpM0vlHYSowxHiaFA64YhTExBBCFTe7YjokJi0weVZMCO7iyX9J66TmOjX37qxavyriKKMDdIiOkYvOUR3dogZqIooe0BN6Qa/Wo/VsvVnv89aSVczso1+wPr8B6rKh0w==</latexit><latexit sha1_base64="KWIl//pVCDCzdfQPGgRkmwcviAI=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VwVRIVdCMUBXFZwT6gKWUymbRDJ5Mwc1MoIR/ixl9x40IRNy4E/8Zpm4VWD1w4c869zL3HTwTX4DhfVmlpeWV1rbxe2djc2t6xd/daOk4VZU0ai1h1fKKZ4JI1gYNgnUQxEvmCtf3R9dRvj5nSPJb3MElYLyIDyUNOCRipb596oSI0C7DHEs2FkbIRl3meBZDjS5x5fojHuUeDGOaPmxz37apTc2bAf4lbkCoq0OjbH14Q0zRiEqggWnddJ4FeRhRwKlhe8VLNEkJHZMC6hkoSMd3LZsfl+MgoAQ5jZUoCnqk/JzISaT2JfNMZERjqRW8q/ud1UwgvehmXSQpM0vlHYSowxHiaFA64YhTExBBCFTe7YjokJi0weVZMCO7iyX9J66TmOjX37qxavyriKKMDdIiOkYvOUR3dogZqIooe0BN6Qa/Wo/VsvVnv89aSVczso1+wPr8B6rKh0w==</latexit><latexit sha1_base64="KWIl//pVCDCzdfQPGgRkmwcviAI=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VwVRIVdCMUBXFZwT6gKWUymbRDJ5Mwc1MoIR/ixl9x40IRNy4E/8Zpm4VWD1w4c869zL3HTwTX4DhfVmlpeWV1rbxe2djc2t6xd/daOk4VZU0ai1h1fKKZ4JI1gYNgnUQxEvmCtf3R9dRvj5nSPJb3MElYLyIDyUNOCRipb596oSI0C7DHEs2FkbIRl3meBZDjS5x5fojHuUeDGOaPmxz37apTc2bAf4lbkCoq0OjbH14Q0zRiEqggWnddJ4FeRhRwKlhe8VLNEkJHZMC6hkoSMd3LZsfl+MgoAQ5jZUoCnqk/JzISaT2JfNMZERjqRW8q/ud1UwgvehmXSQpM0vlHYSowxHiaFA64YhTExBBCFTe7YjokJi0weVZMCO7iyX9J66TmOjX37qxavyriKKMDdIiOkYvOUR3dogZqIooe0BN6Qa/Wo/VsvVnv89aSVczso1+wPr8B6rKh0w==</latexit><latexit sha1_base64="KWIl//pVCDCzdfQPGgRkmwcviAI=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VwVRIVdCMUBXFZwT6gKWUymbRDJ5Mwc1MoIR/ixl9x40IRNy4E/8Zpm4VWD1w4c869zL3HTwTX4DhfVmlpeWV1rbxe2djc2t6xd/daOk4VZU0ai1h1fKKZ4JI1gYNgnUQxEvmCtf3R9dRvj5nSPJb3MElYLyIDyUNOCRipb596oSI0C7DHEs2FkbIRl3meBZDjS5x5fojHuUeDGOaPmxz37apTc2bAf4lbkCoq0OjbH14Q0zRiEqggWnddJ4FeRhRwKlhe8VLNEkJHZMC6hkoSMd3LZsfl+MgoAQ5jZUoCnqk/JzISaT2JfNMZERjqRW8q/ud1UwgvehmXSQpM0vlHYSowxHiaFA64YhTExBBCFTe7YjokJi0weVZMCO7iyX9J66TmOjX37qxavyriKKMDdIiOkYvOUR3dogZqIooe0BN6Qa/Wo/VsvVnv89aSVczso1+wPr8B6rKh0w==</latexit>

Work-Energy Theorem

(Integrate over total time for 
which the force is applied)



Concept of Energy
Classical single particle

If F is a conservative force                         then we can write

The quantity

d✏kin
dt

= v · F = �v ·r�(r)
<latexit sha1_base64="t7gBBQWuAVPlIcUY8aMk2r98maQ="></latexit><latexit sha1_base64="t7gBBQWuAVPlIcUY8aMk2r98maQ="></latexit><latexit sha1_base64="t7gBBQWuAVPlIcUY8aMk2r98maQ="></latexit><latexit sha1_base64="t7gBBQWuAVPlIcUY8aMk2r98maQ="></latexit>

F = �r�(r)
<latexit sha1_base64="nSp7u3Ldva0inJgO+ML+E8tX7Cw=">AAACCHicbVBNS8NAEJ3Ur1q/qh49uFiEerAkIuhFKArisYL9gCaUzXbTLt1swu5GKKFHL/4VLx4U8epP8Oa/cZvmoNUHA4/3ZpiZ58ecKW3bX1ZhYXFpeaW4Wlpb39jcKm/vtFSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj66mfvueSsUicafHMfVCPBAsYARrI/XK+6nrB+h6gi7QsSuwzzFy4yGrZrKcHPXKFbtmZ0B/iZOTCuRo9Mqfbj8iSUiFJhwr1XXsWHsplpoRTiclN1E0xmSEB7RrqMAhVV6aPTJBh0bpoyCSpoRGmfpzIsWhUuPQN50h1kM1703F/7xuooNzL2UiTjQVZLYoSDjSEZqmgvpMUqL52BBMJDO3IjLEEhNtsiuZEJz5l/+S1knNsWvO7WmlfpnHUYQ9OIAqOHAGdbiBBjSBwAM8wQu8Wo/Ws/Vmvc9aC1Y+swu/YH18AyULmCM=</latexit><latexit sha1_base64="nSp7u3Ldva0inJgO+ML+E8tX7Cw=">AAACCHicbVBNS8NAEJ3Ur1q/qh49uFiEerAkIuhFKArisYL9gCaUzXbTLt1swu5GKKFHL/4VLx4U8epP8Oa/cZvmoNUHA4/3ZpiZ58ecKW3bX1ZhYXFpeaW4Wlpb39jcKm/vtFSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj66mfvueSsUicafHMfVCPBAsYARrI/XK+6nrB+h6gi7QsSuwzzFy4yGrZrKcHPXKFbtmZ0B/iZOTCuRo9Mqfbj8iSUiFJhwr1XXsWHsplpoRTiclN1E0xmSEB7RrqMAhVV6aPTJBh0bpoyCSpoRGmfpzIsWhUuPQN50h1kM1703F/7xuooNzL2UiTjQVZLYoSDjSEZqmgvpMUqL52BBMJDO3IjLEEhNtsiuZEJz5l/+S1knNsWvO7WmlfpnHUYQ9OIAqOHAGdbiBBjSBwAM8wQu8Wo/Ws/Vmvc9aC1Y+swu/YH18AyULmCM=</latexit><latexit sha1_base64="nSp7u3Ldva0inJgO+ML+E8tX7Cw=">AAACCHicbVBNS8NAEJ3Ur1q/qh49uFiEerAkIuhFKArisYL9gCaUzXbTLt1swu5GKKFHL/4VLx4U8epP8Oa/cZvmoNUHA4/3ZpiZ58ecKW3bX1ZhYXFpeaW4Wlpb39jcKm/vtFSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj66mfvueSsUicafHMfVCPBAsYARrI/XK+6nrB+h6gi7QsSuwzzFy4yGrZrKcHPXKFbtmZ0B/iZOTCuRo9Mqfbj8iSUiFJhwr1XXsWHsplpoRTiclN1E0xmSEB7RrqMAhVV6aPTJBh0bpoyCSpoRGmfpzIsWhUuPQN50h1kM1703F/7xuooNzL2UiTjQVZLYoSDjSEZqmgvpMUqL52BBMJDO3IjLEEhNtsiuZEJz5l/+S1knNsWvO7WmlfpnHUYQ9OIAqOHAGdbiBBjSBwAM8wQu8Wo/Ws/Vmvc9aC1Y+swu/YH18AyULmCM=</latexit><latexit sha1_base64="nSp7u3Ldva0inJgO+ML+E8tX7Cw=">AAACCHicbVBNS8NAEJ3Ur1q/qh49uFiEerAkIuhFKArisYL9gCaUzXbTLt1swu5GKKFHL/4VLx4U8epP8Oa/cZvmoNUHA4/3ZpiZ58ecKW3bX1ZhYXFpeaW4Wlpb39jcKm/vtFSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj66mfvueSsUicafHMfVCPBAsYARrI/XK+6nrB+h6gi7QsSuwzzFy4yGrZrKcHPXKFbtmZ0B/iZOTCuRo9Mqfbj8iSUiFJhwr1XXsWHsplpoRTiclN1E0xmSEB7RrqMAhVV6aPTJBh0bpoyCSpoRGmfpzIsWhUuPQN50h1kM1703F/7xuooNzL2UiTjQVZLYoSDjSEZqmgvpMUqL52BBMJDO3IjLEEhNtsiuZEJz5l/+S1knNsWvO7WmlfpnHUYQ9OIAqOHAGdbiBBjSBwAM8wQu8Wo/Ws/Vmvc9aC1Y+swu/YH18AyULmCM=</latexit>

d

dt
(✏kin + �(r)) = 0

<latexit sha1_base64="995R0wF/5DX04HntFgZoQso2oPs="></latexit><latexit sha1_base64="995R0wF/5DX04HntFgZoQso2oPs="></latexit><latexit sha1_base64="995R0wF/5DX04HntFgZoQso2oPs="></latexit><latexit sha1_base64="995R0wF/5DX04HntFgZoQso2oPs="></latexit>

Implies

✏ =
1

2
mv2 + �(r)

<latexit sha1_base64="ZFJuGVN0uqfP31Fp+ezrmwUsWmU=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0WoCCUJgm6EohuXFewDmlgm00k7dDIJM5NCCfkPN/6KGxeKuBJc+DdO0yy09cCFwzn3cu89fsyoVJb1bZRWVtfWN8qbla3tnd09c/+gLaNEYNLCEYtE10eSMMpJS1HFSDcWBIU+Ix1/fDPzOxMiJI34vZrGxAvRkNOAYqS01Dcdl8SSsojDK+gGAuHUzlIngyFMXT+Ak+zBgWfQjUe0lgsiO+2bVatu5YDLxC5IFRRo9s1PdxDhJCRcYYak7NlWrLwUCUUxI1nFTSSJER6jIelpylFIpJfmv2XwRCsDGERCF1cwV39PpCiUchr6ujNEaiQXvZn4n9dLVHDppZTHiSIczxcFCYMqgrOg4IAKghWbaoKwoPpWiEdIJ6R0nBUdgr348jJpO3Xbqtt359XGdRFHGRyBY1ADNrgADXALmqAFMHgEz+AVvBlPxovxbnzMW0tGMXMI/sD4+gFYip+z</latexit><latexit sha1_base64="ZFJuGVN0uqfP31Fp+ezrmwUsWmU=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0WoCCUJgm6EohuXFewDmlgm00k7dDIJM5NCCfkPN/6KGxeKuBJc+DdO0yy09cCFwzn3cu89fsyoVJb1bZRWVtfWN8qbla3tnd09c/+gLaNEYNLCEYtE10eSMMpJS1HFSDcWBIU+Ix1/fDPzOxMiJI34vZrGxAvRkNOAYqS01Dcdl8SSsojDK+gGAuHUzlIngyFMXT+Ak+zBgWfQjUe0lgsiO+2bVatu5YDLxC5IFRRo9s1PdxDhJCRcYYak7NlWrLwUCUUxI1nFTSSJER6jIelpylFIpJfmv2XwRCsDGERCF1cwV39PpCiUchr6ujNEaiQXvZn4n9dLVHDppZTHiSIczxcFCYMqgrOg4IAKghWbaoKwoPpWiEdIJ6R0nBUdgr348jJpO3Xbqtt359XGdRFHGRyBY1ADNrgADXALmqAFMHgEz+AVvBlPxovxbnzMW0tGMXMI/sD4+gFYip+z</latexit><latexit sha1_base64="ZFJuGVN0uqfP31Fp+ezrmwUsWmU=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0WoCCUJgm6EohuXFewDmlgm00k7dDIJM5NCCfkPN/6KGxeKuBJc+DdO0yy09cCFwzn3cu89fsyoVJb1bZRWVtfWN8qbla3tnd09c/+gLaNEYNLCEYtE10eSMMpJS1HFSDcWBIU+Ix1/fDPzOxMiJI34vZrGxAvRkNOAYqS01Dcdl8SSsojDK+gGAuHUzlIngyFMXT+Ak+zBgWfQjUe0lgsiO+2bVatu5YDLxC5IFRRo9s1PdxDhJCRcYYak7NlWrLwUCUUxI1nFTSSJER6jIelpylFIpJfmv2XwRCsDGERCF1cwV39PpCiUchr6ujNEaiQXvZn4n9dLVHDppZTHiSIczxcFCYMqgrOg4IAKghWbaoKwoPpWiEdIJ6R0nBUdgr348jJpO3Xbqtt359XGdRFHGRyBY1ADNrgADXALmqAFMHgEz+AVvBlPxovxbnzMW0tGMXMI/sD4+gFYip+z</latexit><latexit sha1_base64="ZFJuGVN0uqfP31Fp+ezrmwUsWmU=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0WoCCUJgm6EohuXFewDmlgm00k7dDIJM5NCCfkPN/6KGxeKuBJc+DdO0yy09cCFwzn3cu89fsyoVJb1bZRWVtfWN8qbla3tnd09c/+gLaNEYNLCEYtE10eSMMpJS1HFSDcWBIU+Ix1/fDPzOxMiJI34vZrGxAvRkNOAYqS01Dcdl8SSsojDK+gGAuHUzlIngyFMXT+Ak+zBgWfQjUe0lgsiO+2bVatu5YDLxC5IFRRo9s1PdxDhJCRcYYak7NlWrLwUCUUxI1nFTSSJER6jIelpylFIpJfmv2XwRCsDGERCF1cwV39PpCiUchr6ujNEaiQXvZn4n9dLVHDppZTHiSIczxcFCYMqgrOg4IAKghWbaoKwoPpWiEdIJ6R0nBUdgr348jJpO3Xbqtt359XGdRFHGRyBY1ADNrgADXALmqAFMHgEz+AVvBlPxovxbnzMW0tGMXMI/sD4+gFYip+z</latexit>

is a constant of motion termed the total energy of the particle. 

Potential 
energy

Hence, the total energy of the system is conserved.

Note that if non-conservative forces then
<latexit sha1_base64="ZcR/L6g7t3RkAMbzesuyYxWgPjg="></latexit>

d

dt
(✏kin + �(r)) = v · Fnc



Concept of Energy
Classical single particle

Simple examples.

Free particle, �(r) = 0
<latexit sha1_base64="ftIOGwhoRH7xieSoMvlUEpNlG7c=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSxCvZRECnoRil48VrAf0ISy2W7apZtN2N0oJfanePGgiFd/iTf/jds2B219MPB4b4aZeUHCmdKO820V1tY3NreK26Wd3b39A7t82FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOML6Z+Z0HKhWLxb2eJNSP8FCwkBGsjdS3y14yYtXMC0Ikp2foCjl9u+LUnDnQKnFzUoEczb795Q1ikkZUaMKxUj3XSbSfYakZ4XRa8lJFE0zGeEh7hgocUeVn89On6NQoAxTG0pTQaK7+nshwpNQkCkxnhPVILXsz8T+vl+rw0s+YSFJNBVksClOOdIxmOaABk5RoPjEEE8nMrYiMsMREm7RKJgR3+eVV0j6vuU7NvatXGtd5HEU4hhOoggsX0IBbaEILCDzCM7zCm/VkvVjv1seitWDlM0fwB9bnDysYkp4=</latexit><latexit sha1_base64="ftIOGwhoRH7xieSoMvlUEpNlG7c=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSxCvZRECnoRil48VrAf0ISy2W7apZtN2N0oJfanePGgiFd/iTf/jds2B219MPB4b4aZeUHCmdKO820V1tY3NreK26Wd3b39A7t82FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOML6Z+Z0HKhWLxb2eJNSP8FCwkBGsjdS3y14yYtXMC0Ikp2foCjl9u+LUnDnQKnFzUoEczb795Q1ikkZUaMKxUj3XSbSfYakZ4XRa8lJFE0zGeEh7hgocUeVn89On6NQoAxTG0pTQaK7+nshwpNQkCkxnhPVILXsz8T+vl+rw0s+YSFJNBVksClOOdIxmOaABk5RoPjEEE8nMrYiMsMREm7RKJgR3+eVV0j6vuU7NvatXGtd5HEU4hhOoggsX0IBbaEILCDzCM7zCm/VkvVjv1seitWDlM0fwB9bnDysYkp4=</latexit><latexit sha1_base64="ftIOGwhoRH7xieSoMvlUEpNlG7c=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSxCvZRECnoRil48VrAf0ISy2W7apZtN2N0oJfanePGgiFd/iTf/jds2B219MPB4b4aZeUHCmdKO820V1tY3NreK26Wd3b39A7t82FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOML6Z+Z0HKhWLxb2eJNSP8FCwkBGsjdS3y14yYtXMC0Ikp2foCjl9u+LUnDnQKnFzUoEczb795Q1ikkZUaMKxUj3XSbSfYakZ4XRa8lJFE0zGeEh7hgocUeVn89On6NQoAxTG0pTQaK7+nshwpNQkCkxnhPVILXsz8T+vl+rw0s+YSFJNBVksClOOdIxmOaABk5RoPjEEE8nMrYiMsMREm7RKJgR3+eVV0j6vuU7NvatXGtd5HEU4hhOoggsX0IBbaEILCDzCM7zCm/VkvVjv1seitWDlM0fwB9bnDysYkp4=</latexit><latexit sha1_base64="ftIOGwhoRH7xieSoMvlUEpNlG7c=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSxCvZRECnoRil48VrAf0ISy2W7apZtN2N0oJfanePGgiFd/iTf/jds2B219MPB4b4aZeUHCmdKO820V1tY3NreK26Wd3b39A7t82FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOML6Z+Z0HKhWLxb2eJNSP8FCwkBGsjdS3y14yYtXMC0Ikp2foCjl9u+LUnDnQKnFzUoEczb795Q1ikkZUaMKxUj3XSbSfYakZ4XRa8lJFE0zGeEh7hgocUeVn89On6NQoAxTG0pTQaK7+nshwpNQkCkxnhPVILXsz8T+vl+rw0s+YSFJNBVksClOOdIxmOaABk5RoPjEEE8nMrYiMsMREm7RKJgR3+eVV0j6vuU7NvatXGtd5HEU4hhOoggsX0IBbaEILCDzCM7zCm/VkvVjv1seitWDlM0fwB9bnDysYkp4=</latexit>

Simple harmonic oscillator (1-d) 

✏ =
1

2
mv2 +

1

2
m!2x2

<latexit sha1_base64="1qpvZT5vpszEu9xgBzkYhZguJbQ=">AAACInicbVDLSgNBEJz1bXxFPXoZDIIghN0gqAch6MWjgjGBbBJmJ73JkHksM7PBsORbvPgrXjwo6knwY5zEHDSxoKGo6qa7K0o4M9b3P725+YXFpeWV1dza+sbmVn57586oVFOoUMWVrkXEAGcSKpZZDrVEAxERh2rUuxz51T5ow5S8tYMEGoJ0JIsZJdZJrfxZCIlhXEl8jsNYE5oFw6w0xAL3myV8NKWFSkCHOOO+WWrlC37RHwPPkmBCCmiC61b+PWwrmgqQlnJiTD3wE9vIiLaMchjmwtRAQmiPdKDuqCQCTCMbvzjEB05p41hpV9Lisfp7IiPCmIGIXKcgtmumvZH4n1dPbXzayJhMUguS/iyKU46twqO8cJtpoJYPHCFUM3crpl3iQrEu1ZwLIZh+eZbclYqBXwxujgvli0kcK2gP7aNDFKATVEZX6BpVEEUP6Am9oFfv0Xv23ryPn9Y5bzKzi/7A+/oGPZqiNg==</latexit><latexit sha1_base64="1qpvZT5vpszEu9xgBzkYhZguJbQ=">AAACInicbVDLSgNBEJz1bXxFPXoZDIIghN0gqAch6MWjgjGBbBJmJ73JkHksM7PBsORbvPgrXjwo6knwY5zEHDSxoKGo6qa7K0o4M9b3P725+YXFpeWV1dza+sbmVn57586oVFOoUMWVrkXEAGcSKpZZDrVEAxERh2rUuxz51T5ow5S8tYMEGoJ0JIsZJdZJrfxZCIlhXEl8jsNYE5oFw6w0xAL3myV8NKWFSkCHOOO+WWrlC37RHwPPkmBCCmiC61b+PWwrmgqQlnJiTD3wE9vIiLaMchjmwtRAQmiPdKDuqCQCTCMbvzjEB05p41hpV9Lisfp7IiPCmIGIXKcgtmumvZH4n1dPbXzayJhMUguS/iyKU46twqO8cJtpoJYPHCFUM3crpl3iQrEu1ZwLIZh+eZbclYqBXwxujgvli0kcK2gP7aNDFKATVEZX6BpVEEUP6Am9oFfv0Xv23ryPn9Y5bzKzi/7A+/oGPZqiNg==</latexit><latexit sha1_base64="1qpvZT5vpszEu9xgBzkYhZguJbQ=">AAACInicbVDLSgNBEJz1bXxFPXoZDIIghN0gqAch6MWjgjGBbBJmJ73JkHksM7PBsORbvPgrXjwo6knwY5zEHDSxoKGo6qa7K0o4M9b3P725+YXFpeWV1dza+sbmVn57586oVFOoUMWVrkXEAGcSKpZZDrVEAxERh2rUuxz51T5ow5S8tYMEGoJ0JIsZJdZJrfxZCIlhXEl8jsNYE5oFw6w0xAL3myV8NKWFSkCHOOO+WWrlC37RHwPPkmBCCmiC61b+PWwrmgqQlnJiTD3wE9vIiLaMchjmwtRAQmiPdKDuqCQCTCMbvzjEB05p41hpV9Lisfp7IiPCmIGIXKcgtmumvZH4n1dPbXzayJhMUguS/iyKU46twqO8cJtpoJYPHCFUM3crpl3iQrEu1ZwLIZh+eZbclYqBXwxujgvli0kcK2gP7aNDFKATVEZX6BpVEEUP6Am9oFfv0Xv23ryPn9Y5bzKzi/7A+/oGPZqiNg==</latexit><latexit sha1_base64="1qpvZT5vpszEu9xgBzkYhZguJbQ=">AAACInicbVDLSgNBEJz1bXxFPXoZDIIghN0gqAch6MWjgjGBbBJmJ73JkHksM7PBsORbvPgrXjwo6knwY5zEHDSxoKGo6qa7K0o4M9b3P725+YXFpeWV1dza+sbmVn57586oVFOoUMWVrkXEAGcSKpZZDrVEAxERh2rUuxz51T5ow5S8tYMEGoJ0JIsZJdZJrfxZCIlhXEl8jsNYE5oFw6w0xAL3myV8NKWFSkCHOOO+WWrlC37RHwPPkmBCCmiC61b+PWwrmgqQlnJiTD3wE9vIiLaMchjmwtRAQmiPdKDuqCQCTCMbvzjEB05p41hpV9Lisfp7IiPCmIGIXKcgtmumvZH4n1dPbXzayJhMUguS/iyKU46twqO8cJtpoJYPHCFUM3crpl3iQrEu1ZwLIZh+eZbclYqBXwxujgvli0kcK2gP7aNDFKATVEZX6BpVEEUP6Am9oFfv0Xv23ryPn9Y5bzKzi/7A+/oGPZqiNg==</latexit>

�(x) =
1

2
m!2x2

<latexit sha1_base64="uYvgbdTcv6WqOoGGFxkRzHX9X3M=">AAACDHicbVDLSgMxFM34rPVVdekmWIS6KTODoBuh6MZlBfuAzrRk0kwbmkyGJCMtw3yAG3/FjQtF3PoB7vwb03YW2nogcDjnXG7uCWJGlbbtb2tldW19Y7OwVdze2d3bLx0cNpVIJCYNLJiQ7QApwmhEGppqRtqxJIgHjLSC0c3Ubz0QqaiI7vUkJj5Hg4iGFCNtpF6p7MVDWhmfwSvohRLh1MlSN4PcE5wMUNeF465rUnbVngEuEycnZZCj3it9eX2BE04ijRlSquPYsfZTJDXFjGRFL1EkRniEBqRjaIQ4UX46OyaDp0bpw1BI8yINZ+rviRRxpSY8MEmO9FAtelPxP6+T6PDST2kUJ5pEeL4oTBjUAk6bgX0qCdZsYgjCkpq/QjxEphNt+iuaEpzFk5dJ0606dtW5Oy/XrvM6CuAYnIAKcMAFqIFbUAcNgMEjeAav4M16sl6sd+tjHl2x8pkj8AfW5w9Swpnh</latexit><latexit sha1_base64="uYvgbdTcv6WqOoGGFxkRzHX9X3M=">AAACDHicbVDLSgMxFM34rPVVdekmWIS6KTODoBuh6MZlBfuAzrRk0kwbmkyGJCMtw3yAG3/FjQtF3PoB7vwb03YW2nogcDjnXG7uCWJGlbbtb2tldW19Y7OwVdze2d3bLx0cNpVIJCYNLJiQ7QApwmhEGppqRtqxJIgHjLSC0c3Ubz0QqaiI7vUkJj5Hg4iGFCNtpF6p7MVDWhmfwSvohRLh1MlSN4PcE5wMUNeF465rUnbVngEuEycnZZCj3it9eX2BE04ijRlSquPYsfZTJDXFjGRFL1EkRniEBqRjaIQ4UX46OyaDp0bpw1BI8yINZ+rviRRxpSY8MEmO9FAtelPxP6+T6PDST2kUJ5pEeL4oTBjUAk6bgX0qCdZsYgjCkpq/QjxEphNt+iuaEpzFk5dJ0606dtW5Oy/XrvM6CuAYnIAKcMAFqIFbUAcNgMEjeAav4M16sl6sd+tjHl2x8pkj8AfW5w9Swpnh</latexit><latexit sha1_base64="uYvgbdTcv6WqOoGGFxkRzHX9X3M=">AAACDHicbVDLSgMxFM34rPVVdekmWIS6KTODoBuh6MZlBfuAzrRk0kwbmkyGJCMtw3yAG3/FjQtF3PoB7vwb03YW2nogcDjnXG7uCWJGlbbtb2tldW19Y7OwVdze2d3bLx0cNpVIJCYNLJiQ7QApwmhEGppqRtqxJIgHjLSC0c3Ubz0QqaiI7vUkJj5Hg4iGFCNtpF6p7MVDWhmfwSvohRLh1MlSN4PcE5wMUNeF465rUnbVngEuEycnZZCj3it9eX2BE04ijRlSquPYsfZTJDXFjGRFL1EkRniEBqRjaIQ4UX46OyaDp0bpw1BI8yINZ+rviRRxpSY8MEmO9FAtelPxP6+T6PDST2kUJ5pEeL4oTBjUAk6bgX0qCdZsYgjCkpq/QjxEphNt+iuaEpzFk5dJ0606dtW5Oy/XrvM6CuAYnIAKcMAFqIFbUAcNgMEjeAav4M16sl6sd+tjHl2x8pkj8AfW5w9Swpnh</latexit><latexit sha1_base64="uYvgbdTcv6WqOoGGFxkRzHX9X3M=">AAACDHicbVDLSgMxFM34rPVVdekmWIS6KTODoBuh6MZlBfuAzrRk0kwbmkyGJCMtw3yAG3/FjQtF3PoB7vwb03YW2nogcDjnXG7uCWJGlbbtb2tldW19Y7OwVdze2d3bLx0cNpVIJCYNLJiQ7QApwmhEGppqRtqxJIgHjLSC0c3Ubz0QqaiI7vUkJj5Hg4iGFCNtpF6p7MVDWhmfwSvohRLh1MlSN4PcE5wMUNeF465rUnbVngEuEycnZZCj3it9eX2BE04ijRlSquPYsfZTJDXFjGRFL1EkRniEBqRjaIQ4UX46OyaDp0bpw1BI8yINZ+rviRRxpSY8MEmO9FAtelPxP6+T6PDST2kUJ5pEeL4oTBjUAk6bgX0qCdZsYgjCkpq/QjxEphNt+iuaEpzFk5dJ0606dtW5Oy/XrvM6CuAYnIAKcMAFqIFbUAcNgMEjeAav4M16sl6sd+tjHl2x8pkj8AfW5w9Swpnh</latexit>

Note that the absolute value of energy has no meaning but only changes in it 
during a process.



Concept of Energy
Classical N-particle system

Total kinetic energy

Potential energy (assuming non-interacting particles) 

Ekin =
NX

I=1

1

2
mv2

i

<latexit sha1_base64="IJkMACZjU6LoW3kp3p3FeV4X64E="></latexit><latexit sha1_base64="IJkMACZjU6LoW3kp3p3FeV4X64E="></latexit><latexit sha1_base64="IJkMACZjU6LoW3kp3p3FeV4X64E="></latexit><latexit sha1_base64="IJkMACZjU6LoW3kp3p3FeV4X64E="></latexit>

�ext =
NX

I=1

�(ri)
<latexit sha1_base64="cOk3oiteBHOA1hjHGcEUTSKw3iA=">AAACGXicbVDLSgMxFM34rPVVdekmWIS6KTMi6KZQdKMbqWAf0KlDJs20ocnMkNwRyzC/4cZfceNCEZe68m9MHwttPRA4nHMuN/f4seAabPvbWlhcWl5Zza3l1zc2t7YLO7sNHSWKsjqNRKRaPtFM8JDVgYNgrVgxIn3Bmv7gYuQ375nSPApvYRizjiS9kAecEjCSV7DduM+9lD1AhivY1Yl0BZcctJdeVZzs7hqPAqXU9QOsMo8feYWiXbbHwPPEmZIimqLmFT7dbkQTyUKggmjdduwYOilRwKlgWd5NNIsJHZAeaxsaEsl0Jx1fluFDo3RxECnzQsBj9fdESqTWQ+mbpCTQ17PeSPzPaycQnHVSHsYJsJBOFgWJwBDhUU24yxWjIIaGEKq4+SumfaIIBVNm3pTgzJ48TxrHZccuOzcnxer5tI4c2kcHqIQcdIqq6BLVUB1R9Iie0St6s56sF+vd+phEF6zpzB76A+vrB9t6oCo=</latexit><latexit sha1_base64="cOk3oiteBHOA1hjHGcEUTSKw3iA=">AAACGXicbVDLSgMxFM34rPVVdekmWIS6KTMi6KZQdKMbqWAf0KlDJs20ocnMkNwRyzC/4cZfceNCEZe68m9MHwttPRA4nHMuN/f4seAabPvbWlhcWl5Zza3l1zc2t7YLO7sNHSWKsjqNRKRaPtFM8JDVgYNgrVgxIn3Bmv7gYuQ375nSPApvYRizjiS9kAecEjCSV7DduM+9lD1AhivY1Yl0BZcctJdeVZzs7hqPAqXU9QOsMo8feYWiXbbHwPPEmZIimqLmFT7dbkQTyUKggmjdduwYOilRwKlgWd5NNIsJHZAeaxsaEsl0Jx1fluFDo3RxECnzQsBj9fdESqTWQ+mbpCTQ17PeSPzPaycQnHVSHsYJsJBOFgWJwBDhUU24yxWjIIaGEKq4+SumfaIIBVNm3pTgzJ48TxrHZccuOzcnxer5tI4c2kcHqIQcdIqq6BLVUB1R9Iie0St6s56sF+vd+phEF6zpzB76A+vrB9t6oCo=</latexit><latexit sha1_base64="cOk3oiteBHOA1hjHGcEUTSKw3iA=">AAACGXicbVDLSgMxFM34rPVVdekmWIS6KTMi6KZQdKMbqWAf0KlDJs20ocnMkNwRyzC/4cZfceNCEZe68m9MHwttPRA4nHMuN/f4seAabPvbWlhcWl5Zza3l1zc2t7YLO7sNHSWKsjqNRKRaPtFM8JDVgYNgrVgxIn3Bmv7gYuQ375nSPApvYRizjiS9kAecEjCSV7DduM+9lD1AhivY1Yl0BZcctJdeVZzs7hqPAqXU9QOsMo8feYWiXbbHwPPEmZIimqLmFT7dbkQTyUKggmjdduwYOilRwKlgWd5NNIsJHZAeaxsaEsl0Jx1fluFDo3RxECnzQsBj9fdESqTWQ+mbpCTQ17PeSPzPaycQnHVSHsYJsJBOFgWJwBDhUU24yxWjIIaGEKq4+SumfaIIBVNm3pTgzJ48TxrHZccuOzcnxer5tI4c2kcHqIQcdIqq6BLVUB1R9Iie0St6s56sF+vd+phEF6zpzB76A+vrB9t6oCo=</latexit><latexit sha1_base64="cOk3oiteBHOA1hjHGcEUTSKw3iA=">AAACGXicbVDLSgMxFM34rPVVdekmWIS6KTMi6KZQdKMbqWAf0KlDJs20ocnMkNwRyzC/4cZfceNCEZe68m9MHwttPRA4nHMuN/f4seAabPvbWlhcWl5Zza3l1zc2t7YLO7sNHSWKsjqNRKRaPtFM8JDVgYNgrVgxIn3Bmv7gYuQ375nSPApvYRizjiS9kAecEjCSV7DduM+9lD1AhivY1Yl0BZcctJdeVZzs7hqPAqXU9QOsMo8feYWiXbbHwPPEmZIimqLmFT7dbkQTyUKggmjdduwYOilRwKlgWd5NNIsJHZAeaxsaEsl0Jx1fluFDo3RxECnzQsBj9fdESqTWQ+mbpCTQ17PeSPzPaycQnHVSHsYJsJBOFgWJwBDhUU24yxWjIIaGEKq4+SumfaIIBVNm3pTgzJ48TxrHZccuOzcnxer5tI4c2kcHqIQcdIqq6BLVUB1R9Iie0St6s56sF+vd+phEF6zpzB76A+vrB9t6oCo=</latexit>

Due to external

conservative fields



Concept of Energy
Classical N-particle system

Inter-particle interactions

Force due to particle j on particle i is given by

Fi = �@�(rij)

@rj
= �Fj

<latexit sha1_base64="jEXi+/qD8FrbhZbcI8hOeuStaXk="></latexit><latexit sha1_base64="jEXi+/qD8FrbhZbcI8hOeuStaXk="></latexit><latexit sha1_base64="jEXi+/qD8FrbhZbcI8hOeuStaXk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="aX3zIlQ9PmCEbI2bTkj4Ebe/r1M=">AAACMnicbVDLSsNAFL2pr1qrRrduBotQF5bEjW4EQRCXFfqCppTJdNJOO3kwMxFKyI+58R/cuXPjQhG/wUlaX60XBg7nnHvv3ONGnEllWU9GYWV1bX2juFnaKm/v7Jp75ZYMY0Fok4Q8FB0XS8pZQJuKKU47kaDYdzltu5OrTG/fUSFZGDTUNKI9Hw8D5jGClab6ZiNxXA9dp/2EpegCnTiewCRxIiwUwxw59RGr5haRWcbpcfojfvHjvPN70DjtmxWrZuWFloE9BxWYV71vPjqDkMQ+DRThWMqubUWql2R7CKdpyYkljTCZ4CHtahhgn8pekl+foiPNDJAXCv0ChXL2d0eCfSmnvqudPlYjuahl5H9aN1beeS9hQRQrGpDZIi/mSIUoixINmKBE8akGmAim/4rICOv8lA68pEOwF09eBq3Tmm3V7FsLinAAh1AFG87gEm6gDk0gcA/P8ApvxoPxYrzP4ioY89z24U8ZH5/GSKz7</latexit><latexit sha1_base64="aX3zIlQ9PmCEbI2bTkj4Ebe/r1M=">AAACMnicbVDLSsNAFL2pr1qrRrduBotQF5bEjW4EQRCXFfqCppTJdNJOO3kwMxFKyI+58R/cuXPjQhG/wUlaX60XBg7nnHvv3ONGnEllWU9GYWV1bX2juFnaKm/v7Jp75ZYMY0Fok4Q8FB0XS8pZQJuKKU47kaDYdzltu5OrTG/fUSFZGDTUNKI9Hw8D5jGClab6ZiNxXA9dp/2EpegCnTiewCRxIiwUwxw59RGr5haRWcbpcfojfvHjvPN70DjtmxWrZuWFloE9BxWYV71vPjqDkMQ+DRThWMqubUWql2R7CKdpyYkljTCZ4CHtahhgn8pekl+foiPNDJAXCv0ChXL2d0eCfSmnvqudPlYjuahl5H9aN1beeS9hQRQrGpDZIi/mSIUoixINmKBE8akGmAim/4rICOv8lA68pEOwF09eBq3Tmm3V7FsLinAAh1AFG87gEm6gDk0gcA/P8ApvxoPxYrzP4ioY89z24U8ZH5/GSKz7</latexit><latexit sha1_base64="CHFQO3zGjquhvL/QZAmRimbHN5U="></latexit><latexit sha1_base64="jEXi+/qD8FrbhZbcI8hOeuStaXk="></latexit><latexit sha1_base64="jEXi+/qD8FrbhZbcI8hOeuStaXk="></latexit><latexit sha1_base64="jEXi+/qD8FrbhZbcI8hOeuStaXk="></latexit><latexit sha1_base64="jEXi+/qD8FrbhZbcI8hOeuStaXk="></latexit><latexit sha1_base64="jEXi+/qD8FrbhZbcI8hOeuStaXk="></latexit><latexit sha1_base64="jEXi+/qD8FrbhZbcI8hOeuStaXk="></latexit>

Usually, potential only depends on the distance between the particles.

The general form of this inter-particle interaction potential is complicated.



Concept of Energy
Classical N-particle system

Inter-particle interactions
In many cases, 

�({rij}) =
1

2

X

i 6=j

�(rij)

<latexit sha1_base64="OLAmgtD7Dl7hmq/4S+NWwJEHDgs="></latexit><latexit sha1_base64="OLAmgtD7Dl7hmq/4S+NWwJEHDgs="></latexit><latexit sha1_base64="OLAmgtD7Dl7hmq/4S+NWwJEHDgs="></latexit><latexit sha1_base64="OLAmgtD7Dl7hmq/4S+NWwJEHDgs="></latexit>

�(r)
<latexit sha1_base64="peuxCNVkj4FnwXADykTvwL3iq5E=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB/QhrLZTtqlm03c3Qgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFSp5eMeFWdk3654tbcOcgq8XJSgRyNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n83ik5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrz2My6T1KBki0VhKoiJyex5MuAKmRETSyhT3N5K2IgqyoyNqGRD8JZfXiWti5rn1rz7y0r9Jo+jCCdwClXw4ArqcAcNaAIDAc/wCm/Oo/PivDsfi9aCk88cwx84nz8HX49K</latexit><latexit sha1_base64="peuxCNVkj4FnwXADykTvwL3iq5E=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB/QhrLZTtqlm03c3Qgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFSp5eMeFWdk3654tbcOcgq8XJSgRyNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n83ik5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrz2My6T1KBki0VhKoiJyex5MuAKmRETSyhT3N5K2IgqyoyNqGRD8JZfXiWti5rn1rz7y0r9Jo+jCCdwClXw4ArqcAcNaAIDAc/wCm/Oo/PivDsfi9aCk88cwx84nz8HX49K</latexit><latexit sha1_base64="peuxCNVkj4FnwXADykTvwL3iq5E=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB/QhrLZTtqlm03c3Qgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFSp5eMeFWdk3654tbcOcgq8XJSgRyNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n83ik5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrz2My6T1KBki0VhKoiJyex5MuAKmRETSyhT3N5K2IgqyoyNqGRD8JZfXiWti5rn1rz7y0r9Jo+jCCdwClXw4ArqcAcNaAIDAc/wCm/Oo/PivDsfi9aCk88cwx84nz8HX49K</latexit><latexit sha1_base64="peuxCNVkj4FnwXADykTvwL3iq5E=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB/QhrLZTtqlm03c3Qgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFSp5eMeFWdk3654tbcOcgq8XJSgRyNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n83ik5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrz2My6T1KBki0VhKoiJyex5MuAKmRETSyhT3N5K2IgqyoyNqGRD8JZfXiWti5rn1rz7y0r9Jo+jCCdwClXw4ArqcAcNaAIDAc/wCm/Oo/PivDsfi9aCk88cwx84nz8HX49K</latexit>

Where              usually goes to 0 as r ! 1
<latexit sha1_base64="o7C1jZ4M0UxWsbcugetJqw5CasM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUDbbTbt0swm7EyGE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gHnKg5iOlIgEo2glXxMfE+ILFWE+qDfcpjsHWSVeSRpQoj2of/nDhGUxV8gkNabvuSkGBdUomOTTmp8ZnlI2oSPet1TRmJugmN88JWdWGZIo0bYUkrn6e6KgsTF5HNrOmOLYLHsz8T+vn2F0HRRCpRlyxRaLokwS++csADIUmjOUuSWUaWFvJWxMNWVoY6rZELzll1dJ96LpuU3v/rLRuinjqMIJnMI5eHAFLbiDNnSAQQrP8ApvTua8OO/Ox6K14pQzx/AHzucPoiyRaQ==</latexit><latexit sha1_base64="o7C1jZ4M0UxWsbcugetJqw5CasM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUDbbTbt0swm7EyGE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gHnKg5iOlIgEo2glXxMfE+ILFWE+qDfcpjsHWSVeSRpQoj2of/nDhGUxV8gkNabvuSkGBdUomOTTmp8ZnlI2oSPet1TRmJugmN88JWdWGZIo0bYUkrn6e6KgsTF5HNrOmOLYLHsz8T+vn2F0HRRCpRlyxRaLokwS++csADIUmjOUuSWUaWFvJWxMNWVoY6rZELzll1dJ96LpuU3v/rLRuinjqMIJnMI5eHAFLbiDNnSAQQrP8ApvTua8OO/Ox6K14pQzx/AHzucPoiyRaQ==</latexit><latexit sha1_base64="o7C1jZ4M0UxWsbcugetJqw5CasM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUDbbTbt0swm7EyGE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gHnKg5iOlIgEo2glXxMfE+ILFWE+qDfcpjsHWSVeSRpQoj2of/nDhGUxV8gkNabvuSkGBdUomOTTmp8ZnlI2oSPet1TRmJugmN88JWdWGZIo0bYUkrn6e6KgsTF5HNrOmOLYLHsz8T+vn2F0HRRCpRlyxRaLokwS++csADIUmjOUuSWUaWFvJWxMNWVoY6rZELzll1dJ96LpuU3v/rLRuinjqMIJnMI5eHAFLbiDNnSAQQrP8ApvTua8OO/Ox6K14pQzx/AHzucPoiyRaQ==</latexit><latexit sha1_base64="o7C1jZ4M0UxWsbcugetJqw5CasM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUDbbTbt0swm7EyGE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwntzP/8YlrIxL1gHnKg5iOlIgEo2glXxMfE+ILFWE+qDfcpjsHWSVeSRpQoj2of/nDhGUxV8gkNabvuSkGBdUomOTTmp8ZnlI2oSPet1TRmJugmN88JWdWGZIo0bYUkrn6e6KgsTF5HNrOmOLYLHsz8T+vn2F0HRRCpRlyxRaLokwS++csADIUmjOUuSWUaWFvJWxMNWVoY6rZELzll1dJ96LpuU3v/rLRuinjqMIJnMI5eHAFLbiDNnSAQQrP8ApvTua8OO/Ox6K14pQzx/AHzucPoiyRaQ==</latexit>

�(r) = ✏0

⇣r0
r

⌘12
� 2

⇣r0
r

⌘6
�

<latexit sha1_base64="oL0nRj29tVcfFOmeLTuPkSmLWNk="></latexit><latexit sha1_base64="oL0nRj29tVcfFOmeLTuPkSmLWNk="></latexit><latexit sha1_base64="oL0nRj29tVcfFOmeLTuPkSmLWNk="></latexit><latexit sha1_base64="oL0nRj29tVcfFOmeLTuPkSmLWNk="></latexit>

Example,

Generally, interactions are short-ranged and often depend on number of 
interacting neighbours in the immediate vicinity of a particle.



Concept of Energy
Postulate of extensivity of energy

We assume that the energy of a macroscopic function is an extensive 
function.

E(A+B) = E(A) + E(B)
<latexit sha1_base64="PI0w4y3KSOOx+l3sjSjYvxfx8co=">AAAB/XicbZDLSgMxFIbP1Futt/GycxMsQkuhzIigG6FWBJcVbC20Q8mkmTY0kxmSjFBL8VXcuFDEre/hzrcxbWehrQdCPv7/HHLy+zFnSjvOt5VZWl5ZXcuu5zY2t7Z37N29hooSSWidRDySTR8rypmgdc00p81YUhz6nN77g6uJf/9ApWKRuNPDmHoh7gkWMIK1kTr2wXXhslQtogtkoIhK5qoWO3beKTvTQovgppCHtGod+6vdjUgSUqEJx0q1XCfW3ghLzQin41w7UTTGZIB7tGVQ4JAqbzTdfoyOjdJFQSTNERpN1d8TIxwqNQx90xli3Vfz3kT8z2slOjj3RkzEiaaCzB4KEo50hCZRoC6TlGg+NICJZGZXRPpYYqJNYDkTgjv/5UVonJRdp+zenuYr1TSOLBzCERTAhTOowA3UoA4EHuEZXuHNerJerHfrY9aasdKZffhT1ucPZP+RTg==</latexit><latexit sha1_base64="PI0w4y3KSOOx+l3sjSjYvxfx8co=">AAAB/XicbZDLSgMxFIbP1Futt/GycxMsQkuhzIigG6FWBJcVbC20Q8mkmTY0kxmSjFBL8VXcuFDEre/hzrcxbWehrQdCPv7/HHLy+zFnSjvOt5VZWl5ZXcuu5zY2t7Z37N29hooSSWidRDySTR8rypmgdc00p81YUhz6nN77g6uJf/9ApWKRuNPDmHoh7gkWMIK1kTr2wXXhslQtogtkoIhK5qoWO3beKTvTQovgppCHtGod+6vdjUgSUqEJx0q1XCfW3ghLzQin41w7UTTGZIB7tGVQ4JAqbzTdfoyOjdJFQSTNERpN1d8TIxwqNQx90xli3Vfz3kT8z2slOjj3RkzEiaaCzB4KEo50hCZRoC6TlGg+NICJZGZXRPpYYqJNYDkTgjv/5UVonJRdp+zenuYr1TSOLBzCERTAhTOowA3UoA4EHuEZXuHNerJerHfrY9aasdKZffhT1ucPZP+RTg==</latexit><latexit sha1_base64="PI0w4y3KSOOx+l3sjSjYvxfx8co=">AAAB/XicbZDLSgMxFIbP1Futt/GycxMsQkuhzIigG6FWBJcVbC20Q8mkmTY0kxmSjFBL8VXcuFDEre/hzrcxbWehrQdCPv7/HHLy+zFnSjvOt5VZWl5ZXcuu5zY2t7Z37N29hooSSWidRDySTR8rypmgdc00p81YUhz6nN77g6uJf/9ApWKRuNPDmHoh7gkWMIK1kTr2wXXhslQtogtkoIhK5qoWO3beKTvTQovgppCHtGod+6vdjUgSUqEJx0q1XCfW3ghLzQin41w7UTTGZIB7tGVQ4JAqbzTdfoyOjdJFQSTNERpN1d8TIxwqNQx90xli3Vfz3kT8z2slOjj3RkzEiaaCzB4KEo50hCZRoC6TlGg+NICJZGZXRPpYYqJNYDkTgjv/5UVonJRdp+zenuYr1TSOLBzCERTAhTOowA3UoA4EHuEZXuHNerJerHfrY9aasdKZffhT1ucPZP+RTg==</latexit><latexit sha1_base64="PI0w4y3KSOOx+l3sjSjYvxfx8co=">AAAB/XicbZDLSgMxFIbP1Futt/GycxMsQkuhzIigG6FWBJcVbC20Q8mkmTY0kxmSjFBL8VXcuFDEre/hzrcxbWehrQdCPv7/HHLy+zFnSjvOt5VZWl5ZXcuu5zY2t7Z37N29hooSSWidRDySTR8rypmgdc00p81YUhz6nN77g6uJf/9ApWKRuNPDmHoh7gkWMIK1kTr2wXXhslQtogtkoIhK5qoWO3beKTvTQovgppCHtGod+6vdjUgSUqEJx0q1XCfW3ghLzQin41w7UTTGZIB7tGVQ4JAqbzTdfoyOjdJFQSTNERpN1d8TIxwqNQx90xli3Vfz3kT8z2slOjj3RkzEiaaCzB4KEo50hCZRoC6TlGg+NICJZGZXRPpYYqJNYDkTgjv/5UVonJRdp+zenuYr1TSOLBzCERTAhTOowA3UoA4EHuEZXuHNerJerHfrY9aasdKZffhT1ucPZP+RTg==</latexit>

A B
N ⇠ L3

<latexit sha1_base64="l1ERF/+s/nMw9gQ7FR9HaDSAcP8=">AAAB8XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Krgh6LXjyIVLAf2K4lm2bb0CS7JFmhLP0XXjwo4tV/481/Y9ruQVsfDDzem2FmXphwpo3nfTuFpeWV1bXiemljc2t7x93da+g4VYTWScxj1QqxppxJWjfMcNpKFMUi5LQZDq8mfvOJKs1ieW9GCQ0E7ksWMYKNlR5uUUczgW4eT7tu2at4U6BF4uekDDlqXfer04tJKqg0hGOt276XmCDDyjDC6bjUSTVNMBniPm1bKrGgOsimF4/RkVV6KIqVLWnQVP09kWGh9UiEtlNgM9Dz3kT8z2unJroIMiaT1FBJZouilCMTo8n7qMcUJYaPLMFEMXsrIgOsMDE2pJINwZ9/eZE0Tiq+V/HvzsrVyzyOIhzAIRyDD+dQhWuoQR0ISHiGV3hztPPivDsfs9aCk8/swx84nz8vSo/u</latexit><latexit sha1_base64="l1ERF/+s/nMw9gQ7FR9HaDSAcP8=">AAAB8XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Krgh6LXjyIVLAf2K4lm2bb0CS7JFmhLP0XXjwo4tV/481/Y9ruQVsfDDzem2FmXphwpo3nfTuFpeWV1bXiemljc2t7x93da+g4VYTWScxj1QqxppxJWjfMcNpKFMUi5LQZDq8mfvOJKs1ieW9GCQ0E7ksWMYKNlR5uUUczgW4eT7tu2at4U6BF4uekDDlqXfer04tJKqg0hGOt276XmCDDyjDC6bjUSTVNMBniPm1bKrGgOsimF4/RkVV6KIqVLWnQVP09kWGh9UiEtlNgM9Dz3kT8z2unJroIMiaT1FBJZouilCMTo8n7qMcUJYaPLMFEMXsrIgOsMDE2pJINwZ9/eZE0Tiq+V/HvzsrVyzyOIhzAIRyDD+dQhWuoQR0ISHiGV3hztPPivDsfs9aCk8/swx84nz8vSo/u</latexit><latexit sha1_base64="l1ERF/+s/nMw9gQ7FR9HaDSAcP8=">AAAB8XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Krgh6LXjyIVLAf2K4lm2bb0CS7JFmhLP0XXjwo4tV/481/Y9ruQVsfDDzem2FmXphwpo3nfTuFpeWV1bXiemljc2t7x93da+g4VYTWScxj1QqxppxJWjfMcNpKFMUi5LQZDq8mfvOJKs1ieW9GCQ0E7ksWMYKNlR5uUUczgW4eT7tu2at4U6BF4uekDDlqXfer04tJKqg0hGOt276XmCDDyjDC6bjUSTVNMBniPm1bKrGgOsimF4/RkVV6KIqVLWnQVP09kWGh9UiEtlNgM9Dz3kT8z2unJroIMiaT1FBJZouilCMTo8n7qMcUJYaPLMFEMXsrIgOsMDE2pJINwZ9/eZE0Tiq+V/HvzsrVyzyOIhzAIRyDD+dQhWuoQR0ISHiGV3hztPPivDsfs9aCk8/swx84nz8vSo/u</latexit><latexit sha1_base64="l1ERF/+s/nMw9gQ7FR9HaDSAcP8=">AAAB8XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Krgh6LXjyIVLAf2K4lm2bb0CS7JFmhLP0XXjwo4tV/481/Y9ruQVsfDDzem2FmXphwpo3nfTuFpeWV1bXiemljc2t7x93da+g4VYTWScxj1QqxppxJWjfMcNpKFMUi5LQZDq8mfvOJKs1ieW9GCQ0E7ksWMYKNlR5uUUczgW4eT7tu2at4U6BF4uekDDlqXfer04tJKqg0hGOt276XmCDDyjDC6bjUSTVNMBniPm1bKrGgOsimF4/RkVV6KIqVLWnQVP09kWGh9UiEtlNgM9Dz3kT8z2unJroIMiaT1FBJZouilCMTo8n7qMcUJYaPLMFEMXsrIgOsMDE2pJINwZ9/eZE0Tiq+V/HvzsrVyzyOIhzAIRyDD+dQhWuoQR0ISHiGV3hztPPivDsfs9aCk8/swx84nz8vSo/u</latexit>

Ns ⇠ L2
<latexit sha1_base64="b1MBOctEo+KXtfS6t1XqLOb+2hY=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9ktQj0WvXgQqWA/oLuWbJptQ5PskmSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZeWHCmTau++0U1tY3NreK26Wd3b39g/LhUVvHqSK0RWIeq26INeVM0pZhhtNuoigWIaedcHw98ztPVGkWywczSWgg8FCyiBFsrOTf9TXyNRPo9rHWL1fcqjsHWiVeTiqQo9kvf/mDmKSCSkM41rrnuYkJMqwMI5xOS36qaYLJGA9pz1KJBdVBNr95is6sMkBRrGxJg+bq74kMC60nIrSdApuRXvZm4n9eLzXRZZAxmaSGSrJYFKUcmRjNAkADpigxfGIJJorZWxEZYYWJsTGVbAje8surpF2rem7Vu7+oNK7yOIpwAqdwDh7UoQE30IQWEEjgGV7hzUmdF+fd+Vi0Fpx85hj+wPn8Ab5okNM=</latexit><latexit sha1_base64="b1MBOctEo+KXtfS6t1XqLOb+2hY=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9ktQj0WvXgQqWA/oLuWbJptQ5PskmSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZeWHCmTau++0U1tY3NreK26Wd3b39g/LhUVvHqSK0RWIeq26INeVM0pZhhtNuoigWIaedcHw98ztPVGkWywczSWgg8FCyiBFsrOTf9TXyNRPo9rHWL1fcqjsHWiVeTiqQo9kvf/mDmKSCSkM41rrnuYkJMqwMI5xOS36qaYLJGA9pz1KJBdVBNr95is6sMkBRrGxJg+bq74kMC60nIrSdApuRXvZm4n9eLzXRZZAxmaSGSrJYFKUcmRjNAkADpigxfGIJJorZWxEZYYWJsTGVbAje8surpF2rem7Vu7+oNK7yOIpwAqdwDh7UoQE30IQWEEjgGV7hzUmdF+fd+Vi0Fpx85hj+wPn8Ab5okNM=</latexit><latexit sha1_base64="b1MBOctEo+KXtfS6t1XqLOb+2hY=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9ktQj0WvXgQqWA/oLuWbJptQ5PskmSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZeWHCmTau++0U1tY3NreK26Wd3b39g/LhUVvHqSK0RWIeq26INeVM0pZhhtNuoigWIaedcHw98ztPVGkWywczSWgg8FCyiBFsrOTf9TXyNRPo9rHWL1fcqjsHWiVeTiqQo9kvf/mDmKSCSkM41rrnuYkJMqwMI5xOS36qaYLJGA9pz1KJBdVBNr95is6sMkBRrGxJg+bq74kMC60nIrSdApuRXvZm4n9eLzXRZZAxmaSGSrJYFKUcmRjNAkADpigxfGIJJorZWxEZYYWJsTGVbAje8surpF2rem7Vu7+oNK7yOIpwAqdwDh7UoQE30IQWEEjgGV7hzUmdF+fd+Vi0Fpx85hj+wPn8Ab5okNM=</latexit><latexit sha1_base64="b1MBOctEo+KXtfS6t1XqLOb+2hY=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9ktQj0WvXgQqWA/oLuWbJptQ5PskmSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZeWHCmTau++0U1tY3NreK26Wd3b39g/LhUVvHqSK0RWIeq26INeVM0pZhhtNuoigWIaedcHw98ztPVGkWywczSWgg8FCyiBFsrOTf9TXyNRPo9rHWL1fcqjsHWiVeTiqQo9kvf/mDmKSCSkM41rrnuYkJMqwMI5xOS36qaYLJGA9pz1KJBdVBNr95is6sMkBRrGxJg+bq74kMC60nIrSdApuRXvZm4n9eLzXRZZAxmaSGSrJYFKUcmRjNAkADpigxfGIJJorZWxEZYYWJsTGVbAje8surpF2rem7Vu7+oNK7yOIpwAqdwDh7UoQE30IQWEEjgGV7hzUmdF+fd+Vi0Fpx85hj+wPn8Ab5okNM=</latexit>

E(A+B) = (✏Ab + ✏Bb )⇥ L3 + (✏As + ✏Bs )⇥ L2
<latexit sha1_base64="upR2kAp7HIaIBUPDwPXXE+V3I7o="></latexit><latexit sha1_base64="upR2kAp7HIaIBUPDwPXXE+V3I7o="></latexit><latexit sha1_base64="upR2kAp7HIaIBUPDwPXXE+V3I7o="></latexit><latexit sha1_base64="upR2kAp7HIaIBUPDwPXXE+V3I7o="></latexit>

✏(A+B) = E(A+B)/V ⇠ (✏Ab + ✏Bb ) + (✏As + ✏Bs )/L
<latexit sha1_base64="8PFungdQt6uYwVJio+2dV8OvnBo="></latexit><latexit sha1_base64="8PFungdQt6uYwVJio+2dV8OvnBo="></latexit><latexit sha1_base64="8PFungdQt6uYwVJio+2dV8OvnBo="></latexit><latexit sha1_base64="8PFungdQt6uYwVJio+2dV8OvnBo="></latexit>

! ✏(A) + ✏(B) (L ! 1)
<latexit sha1_base64="EpIJdyGRXjCiXn58XALqi89HRhg=">AAACF3icbVDNS8MwHE3n15xfVY9egkPYEEorgh7nvHjwMMF9wFpGmqVbWJqWJBVKmX+FF/8VLx4U8ao3/xuzraBuPgi8vPf7kbznx4xKZdtfRmFpeWV1rbhe2tjc2t4xd/daMkoEJk0csUh0fCQJo5w0FVWMdGJBUOgz0vZHlxO/fUeEpBG/VWlMvBANOA0oRkpLPdNyVQRdEkvKIl65qMLjn1u9Cu9h5RpORygPVFrtmWXbsqeAi8TJSRnkaPTMT7cf4SQkXGGGpOw6dqy8DAlFMSPjkptIEiM8QgPS1ZSjkEgvm+YawyOt9GEQCX24glP190aGQinT0NeTIVJDOe9NxP+8bqKCcy+jPE4U4Xj2UJAwqINOSoJ9KghWLNUEYUH1XyEeIoGw0lWWdAnOfORF0jqxHNtybk7LtXpeRxEcgENQAQ44AzVwBRqgCTB4AE/gBbwaj8az8Wa8z0YLRr6zD/7A+PgGPBKdcg==</latexit><latexit sha1_base64="EpIJdyGRXjCiXn58XALqi89HRhg=">AAACF3icbVDNS8MwHE3n15xfVY9egkPYEEorgh7nvHjwMMF9wFpGmqVbWJqWJBVKmX+FF/8VLx4U8ao3/xuzraBuPgi8vPf7kbznx4xKZdtfRmFpeWV1rbhe2tjc2t4xd/daMkoEJk0csUh0fCQJo5w0FVWMdGJBUOgz0vZHlxO/fUeEpBG/VWlMvBANOA0oRkpLPdNyVQRdEkvKIl65qMLjn1u9Cu9h5RpORygPVFrtmWXbsqeAi8TJSRnkaPTMT7cf4SQkXGGGpOw6dqy8DAlFMSPjkptIEiM8QgPS1ZSjkEgvm+YawyOt9GEQCX24glP190aGQinT0NeTIVJDOe9NxP+8bqKCcy+jPE4U4Xj2UJAwqINOSoJ9KghWLNUEYUH1XyEeIoGw0lWWdAnOfORF0jqxHNtybk7LtXpeRxEcgENQAQ44AzVwBRqgCTB4AE/gBbwaj8az8Wa8z0YLRr6zD/7A+PgGPBKdcg==</latexit><latexit sha1_base64="EpIJdyGRXjCiXn58XALqi89HRhg=">AAACF3icbVDNS8MwHE3n15xfVY9egkPYEEorgh7nvHjwMMF9wFpGmqVbWJqWJBVKmX+FF/8VLx4U8ao3/xuzraBuPgi8vPf7kbznx4xKZdtfRmFpeWV1rbhe2tjc2t4xd/daMkoEJk0csUh0fCQJo5w0FVWMdGJBUOgz0vZHlxO/fUeEpBG/VWlMvBANOA0oRkpLPdNyVQRdEkvKIl65qMLjn1u9Cu9h5RpORygPVFrtmWXbsqeAi8TJSRnkaPTMT7cf4SQkXGGGpOw6dqy8DAlFMSPjkptIEiM8QgPS1ZSjkEgvm+YawyOt9GEQCX24glP190aGQinT0NeTIVJDOe9NxP+8bqKCcy+jPE4U4Xj2UJAwqINOSoJ9KghWLNUEYUH1XyEeIoGw0lWWdAnOfORF0jqxHNtybk7LtXpeRxEcgENQAQ44AzVwBRqgCTB4AE/gBbwaj8az8Wa8z0YLRr6zD/7A+PgGPBKdcg==</latexit><latexit sha1_base64="EpIJdyGRXjCiXn58XALqi89HRhg=">AAACF3icbVDNS8MwHE3n15xfVY9egkPYEEorgh7nvHjwMMF9wFpGmqVbWJqWJBVKmX+FF/8VLx4U8ao3/xuzraBuPgi8vPf7kbznx4xKZdtfRmFpeWV1rbhe2tjc2t4xd/daMkoEJk0csUh0fCQJo5w0FVWMdGJBUOgz0vZHlxO/fUeEpBG/VWlMvBANOA0oRkpLPdNyVQRdEkvKIl65qMLjn1u9Cu9h5RpORygPVFrtmWXbsqeAi8TJSRnkaPTMT7cf4SQkXGGGpOw6dqy8DAlFMSPjkptIEiM8QgPS1ZSjkEgvm+YawyOt9GEQCX24glP190aGQinT0NeTIVJDOe9NxP+8bqKCcy+jPE4U4Xj2UJAwqINOSoJ9KghWLNUEYUH1XyEeIoGw0lWWdAnOfORF0jqxHNtybk7LtXpeRxEcgENQAQ44AzVwBRqgCTB4AE/gBbwaj8az8Wa8z0YLRr6zD/7A+PgGPBKdcg==</latexit>


