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Gibbs Ensemble Postulates

This refers to the identification of averaged quantities in the ensemble with the 
corresponding thermodynamic property. In particular,

U ⌘ E

P ⌘ P

µ ⌘ µ
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Where the averages are over the canonical ensemble at temperature T. 
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Entropy and pressure in the canonical ensemble

Z ⌘ Z(�, V,N)
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We have that

At constant N, we can write

d(lnZ) =
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Multiplying both sides by kBT and rearranging

dU = TdS � PdV
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Comparing with

We can write
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dS = kB d(lnZ + �U)
<latexit sha1_base64="hhFxrVOnVVdQNaoqkm52jUG+jMc=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCxCRSiJCHoRSr14rGjaYhPCZrNpl242YXcjlFIvXvwrXjwo4tXf4M1/47bNQVsfDDzem2FmXpAyKpVlfRuFhcWl5ZXiamltfWNzy9zeacokE5g4OGGJaAdIEkY5cRRVjLRTQVAcMNIK+pdjv3VPhKQJv1WDlHgx6nIaUYyUlnxzP4Q38AL2/fpDCCsu4/AOHkM3IApB58g3y1bVmgDOEzsnZZCj4ZtfbpjgLCZcYYak7NhWqrwhEopiRkYlN5MkRbiPuqSjKUcxkd5w8sYIHmolhFEidHEFJ+rviSGKpRzEge6MkerJWW8s/ud1MhWde0PK00wRjqeLooxBlcBxJjCkgmDFBpogLKi+FeIeEggrnVxJh2DPvjxPmidV26ra16flWj2Powj2wAGoABucgRq4Ag3gAAwewTN4BW/Gk/FivBsf09aCkc/sgj8wPn8AogCWCA==</latexit><latexit sha1_base64="hhFxrVOnVVdQNaoqkm52jUG+jMc=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCxCRSiJCHoRSr14rGjaYhPCZrNpl242YXcjlFIvXvwrXjwo4tXf4M1/47bNQVsfDDzem2FmXpAyKpVlfRuFhcWl5ZXiamltfWNzy9zeacokE5g4OGGJaAdIEkY5cRRVjLRTQVAcMNIK+pdjv3VPhKQJv1WDlHgx6nIaUYyUlnxzP4Q38AL2/fpDCCsu4/AOHkM3IApB58g3y1bVmgDOEzsnZZCj4ZtfbpjgLCZcYYak7NhWqrwhEopiRkYlN5MkRbiPuqSjKUcxkd5w8sYIHmolhFEidHEFJ+rviSGKpRzEge6MkerJWW8s/ud1MhWde0PK00wRjqeLooxBlcBxJjCkgmDFBpogLKi+FeIeEggrnVxJh2DPvjxPmidV26ra16flWj2Powj2wAGoABucgRq4Ag3gAAwewTN4BW/Gk/FivBsf09aCkc/sgj8wPn8AogCWCA==</latexit><latexit sha1_base64="hhFxrVOnVVdQNaoqkm52jUG+jMc=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCxCRSiJCHoRSr14rGjaYhPCZrNpl242YXcjlFIvXvwrXjwo4tXf4M1/47bNQVsfDDzem2FmXpAyKpVlfRuFhcWl5ZXiamltfWNzy9zeacokE5g4OGGJaAdIEkY5cRRVjLRTQVAcMNIK+pdjv3VPhKQJv1WDlHgx6nIaUYyUlnxzP4Q38AL2/fpDCCsu4/AOHkM3IApB58g3y1bVmgDOEzsnZZCj4ZtfbpjgLCZcYYak7NhWqrwhEopiRkYlN5MkRbiPuqSjKUcxkd5w8sYIHmolhFEidHEFJ+rviSGKpRzEge6MkerJWW8s/ud1MhWde0PK00wRjqeLooxBlcBxJjCkgmDFBpogLKi+FeIeEggrnVxJh2DPvjxPmidV26ra16flWj2Powj2wAGoABucgRq4Ag3gAAwewTN4BW/Gk/FivBsf09aCkc/sgj8wPn8AogCWCA==</latexit><latexit sha1_base64="hhFxrVOnVVdQNaoqkm52jUG+jMc=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCxCRSiJCHoRSr14rGjaYhPCZrNpl242YXcjlFIvXvwrXjwo4tXf4M1/47bNQVsfDDzem2FmXpAyKpVlfRuFhcWl5ZXiamltfWNzy9zeacokE5g4OGGJaAdIEkY5cRRVjLRTQVAcMNIK+pdjv3VPhKQJv1WDlHgx6nIaUYyUlnxzP4Q38AL2/fpDCCsu4/AOHkM3IApB58g3y1bVmgDOEzsnZZCj4ZtfbpjgLCZcYYak7NhWqrwhEopiRkYlN5MkRbiPuqSjKUcxkd5w8sYIHmolhFEidHEFJ+rviSGKpRzEge6MkerJWW8s/ud1MhWde0PK00wRjqeLooxBlcBxJjCkgmDFBpogLKi+FeIeEggrnVxJh2DPvjxPmidV26ra16flWj2Powj2wAGoABucgRq4Ag3gAAwewTN4BW/Gk/FivBsf09aCkc/sgj8wPn8AogCWCA==</latexit>



Ensembles
Canonical Ensemble

Entropy and pressure in the canonical ensemble

The definition for pressure also makes sense from an averaging perspective

P = kBT

✓
@ lnZ

@V

◆

<latexit sha1_base64="Bqoxt3jNWrsTwYsLEf1omyDgrDo=">AAACInicbVDLSgMxFM34rPVVdekmWIS6KTMiqAuh1I3LCn1hZyiZNNOGZjJDckcoQ7/Fjb/ixoWirgQ/xrQdUFsPBE7Oufcm9/ix4Bps+9NaWl5ZXVvPbeQ3t7Z3dgt7+00dJYqyBo1EpNo+0UxwyRrAQbB2rBgJfcFa/vB64rfumdI8knUYxcwLSV/ygFMCRuoWLmv4Cg+7VVzHrmABlNxAEZq6MVHAiTCixHfjn3tz7CreH8AJ7haKdtmeAi8SJyNFlKHWLby7vYgmIZNABdG649gxeOlkMBVsnHcTzWJCh6TPOoZKEjLtpdMVx/jYKD0cRMocCXiq/u5ISaj1KPRNZUhgoOe9ifif10kguPBSLuMEmKSzh4JEYIjwJC/c44pRECNDCFXc/BXTATEZgUk1b0Jw5ldeJM3TsmOXnduzYqWaxZFDh+gIlZCDzlEF3aAaaiCKHtATekGv1qP1bL1ZH7PSJSvrOUB/YH19A2jPowQ=</latexit><latexit sha1_base64="Bqoxt3jNWrsTwYsLEf1omyDgrDo=">AAACInicbVDLSgMxFM34rPVVdekmWIS6KTMiqAuh1I3LCn1hZyiZNNOGZjJDckcoQ7/Fjb/ixoWirgQ/xrQdUFsPBE7Oufcm9/ix4Bps+9NaWl5ZXVvPbeQ3t7Z3dgt7+00dJYqyBo1EpNo+0UxwyRrAQbB2rBgJfcFa/vB64rfumdI8knUYxcwLSV/ygFMCRuoWLmv4Cg+7VVzHrmABlNxAEZq6MVHAiTCixHfjn3tz7CreH8AJ7haKdtmeAi8SJyNFlKHWLby7vYgmIZNABdG649gxeOlkMBVsnHcTzWJCh6TPOoZKEjLtpdMVx/jYKD0cRMocCXiq/u5ISaj1KPRNZUhgoOe9ifif10kguPBSLuMEmKSzh4JEYIjwJC/c44pRECNDCFXc/BXTATEZgUk1b0Jw5ldeJM3TsmOXnduzYqWaxZFDh+gIlZCDzlEF3aAaaiCKHtATekGv1qP1bL1ZH7PSJSvrOUB/YH19A2jPowQ=</latexit><latexit sha1_base64="Bqoxt3jNWrsTwYsLEf1omyDgrDo=">AAACInicbVDLSgMxFM34rPVVdekmWIS6KTMiqAuh1I3LCn1hZyiZNNOGZjJDckcoQ7/Fjb/ixoWirgQ/xrQdUFsPBE7Oufcm9/ix4Bps+9NaWl5ZXVvPbeQ3t7Z3dgt7+00dJYqyBo1EpNo+0UxwyRrAQbB2rBgJfcFa/vB64rfumdI8knUYxcwLSV/ygFMCRuoWLmv4Cg+7VVzHrmABlNxAEZq6MVHAiTCixHfjn3tz7CreH8AJ7haKdtmeAi8SJyNFlKHWLby7vYgmIZNABdG649gxeOlkMBVsnHcTzWJCh6TPOoZKEjLtpdMVx/jYKD0cRMocCXiq/u5ISaj1KPRNZUhgoOe9ifif10kguPBSLuMEmKSzh4JEYIjwJC/c44pRECNDCFXc/BXTATEZgUk1b0Jw5ldeJM3TsmOXnduzYqWaxZFDh+gIlZCDzlEF3aAaaiCKHtATekGv1qP1bL1ZH7PSJSvrOUB/YH19A2jPowQ=</latexit><latexit sha1_base64="Bqoxt3jNWrsTwYsLEf1omyDgrDo=">AAACInicbVDLSgMxFM34rPVVdekmWIS6KTMiqAuh1I3LCn1hZyiZNNOGZjJDckcoQ7/Fjb/ixoWirgQ/xrQdUFsPBE7Oufcm9/ix4Bps+9NaWl5ZXVvPbeQ3t7Z3dgt7+00dJYqyBo1EpNo+0UxwyRrAQbB2rBgJfcFa/vB64rfumdI8knUYxcwLSV/ygFMCRuoWLmv4Cg+7VVzHrmABlNxAEZq6MVHAiTCixHfjn3tz7CreH8AJ7haKdtmeAi8SJyNFlKHWLby7vYgmIZNABdG649gxeOlkMBVsnHcTzWJCh6TPOoZKEjLtpdMVx/jYKD0cRMocCXiq/u5ISaj1KPRNZUhgoOe9ifif10kguPBSLuMEmKSzh4JEYIjwJC/c44pRECNDCFXc/BXTATEZgUk1b0Jw5ldeJM3TsmOXnduzYqWaxZFDh+gIlZCDzlEF3aAaaiCKHtATekGv1qP1bL1ZH7PSJSvrOUB/YH19A2jPowQ=</latexit>

dS = kB d(lnZ + �U)
<latexit sha1_base64="hhFxrVOnVVdQNaoqkm52jUG+jMc=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCxCRSiJCHoRSr14rGjaYhPCZrNpl242YXcjlFIvXvwrXjwo4tXf4M1/47bNQVsfDDzem2FmXpAyKpVlfRuFhcWl5ZXiamltfWNzy9zeacokE5g4OGGJaAdIEkY5cRRVjLRTQVAcMNIK+pdjv3VPhKQJv1WDlHgx6nIaUYyUlnxzP4Q38AL2/fpDCCsu4/AOHkM3IApB58g3y1bVmgDOEzsnZZCj4ZtfbpjgLCZcYYak7NhWqrwhEopiRkYlN5MkRbiPuqSjKUcxkd5w8sYIHmolhFEidHEFJ+rviSGKpRzEge6MkerJWW8s/ud1MhWde0PK00wRjqeLooxBlcBxJjCkgmDFBpogLKi+FeIeEggrnVxJh2DPvjxPmidV26ra16flWj2Powj2wAGoABucgRq4Ag3gAAwewTN4BW/Gk/FivBsf09aCkc/sgj8wPn8AogCWCA==</latexit><latexit sha1_base64="hhFxrVOnVVdQNaoqkm52jUG+jMc=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCxCRSiJCHoRSr14rGjaYhPCZrNpl242YXcjlFIvXvwrXjwo4tXf4M1/47bNQVsfDDzem2FmXpAyKpVlfRuFhcWl5ZXiamltfWNzy9zeacokE5g4OGGJaAdIEkY5cRRVjLRTQVAcMNIK+pdjv3VPhKQJv1WDlHgx6nIaUYyUlnxzP4Q38AL2/fpDCCsu4/AOHkM3IApB58g3y1bVmgDOEzsnZZCj4ZtfbpjgLCZcYYak7NhWqrwhEopiRkYlN5MkRbiPuqSjKUcxkd5w8sYIHmolhFEidHEFJ+rviSGKpRzEge6MkerJWW8s/ud1MhWde0PK00wRjqeLooxBlcBxJjCkgmDFBpogLKi+FeIeEggrnVxJh2DPvjxPmidV26ra16flWj2Powj2wAGoABucgRq4Ag3gAAwewTN4BW/Gk/FivBsf09aCkc/sgj8wPn8AogCWCA==</latexit><latexit sha1_base64="hhFxrVOnVVdQNaoqkm52jUG+jMc=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCxCRSiJCHoRSr14rGjaYhPCZrNpl242YXcjlFIvXvwrXjwo4tXf4M1/47bNQVsfDDzem2FmXpAyKpVlfRuFhcWl5ZXiamltfWNzy9zeacokE5g4OGGJaAdIEkY5cRRVjLRTQVAcMNIK+pdjv3VPhKQJv1WDlHgx6nIaUYyUlnxzP4Q38AL2/fpDCCsu4/AOHkM3IApB58g3y1bVmgDOEzsnZZCj4ZtfbpjgLCZcYYak7NhWqrwhEopiRkYlN5MkRbiPuqSjKUcxkd5w8sYIHmolhFEidHEFJ+rviSGKpRzEge6MkerJWW8s/ud1MhWde0PK00wRjqeLooxBlcBxJjCkgmDFBpogLKi+FeIeEggrnVxJh2DPvjxPmidV26ra16flWj2Powj2wAGoABucgRq4Ag3gAAwewTN4BW/Gk/FivBsf09aCkc/sgj8wPn8AogCWCA==</latexit><latexit sha1_base64="hhFxrVOnVVdQNaoqkm52jUG+jMc=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCxCRSiJCHoRSr14rGjaYhPCZrNpl242YXcjlFIvXvwrXjwo4tXf4M1/47bNQVsfDDzem2FmXpAyKpVlfRuFhcWl5ZXiamltfWNzy9zeacokE5g4OGGJaAdIEkY5cRRVjLRTQVAcMNIK+pdjv3VPhKQJv1WDlHgx6nIaUYyUlnxzP4Q38AL2/fpDCCsu4/AOHkM3IApB58g3y1bVmgDOEzsnZZCj4ZtfbpjgLCZcYYak7NhWqrwhEopiRkYlN5MkRbiPuqSjKUcxkd5w8sYIHmolhFEidHEFJ+rviSGKpRzEge6MkerJWW8s/ud1MhWde0PK00wRjqeLooxBlcBxJjCkgmDFBpogLKi+FeIeEggrnVxJh2DPvjxPmidV26ra16flWj2Powj2wAGoABucgRq4Ag3gAAwewTN4BW/Gk/FivBsf09aCkc/sgj8wPn8AogCWCA==</latexit>

This relation is just the mechanical 

equation of state for the systems

For an ideal gas this implies

P = kB T
N

V
<latexit sha1_base64="seUbn5fJ8/tQRpWVovZlemP79Uo=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gUVyURQTdCqRtXUqEvaEOYTCft0MmDmYlQYgr+ihsXirj1N9z5N07bLLT1wIXDOfdy7z1ezJlUlvVtLC2vrK6tFzaKm1vbO7vm3n5TRokgtEEiHom2hyXlLKQNxRSn7VhQHHictrzhzcRvPVAhWRTW1SimToD7IfMZwUpLrnlYQ6fXaOhWx/Vx1xeYpHdZ2sxcs2SVrSnQIrFzUoIcNdf86vYikgQ0VIRjKTu2FSsnxUIxwmlW7CaSxpgMcZ92NA1xQKWTTu/P0IlWesiPhK5Qoan6eyLFgZSjwNOdAVYDOe9NxP+8TqL8KydlYZwoGpLZIj/hSEVoEgbqMUGJ4iNNMBFM34rIAOsUlI6sqEOw519eJM3zsm2V7fuLUqWax1GAIziGM7DhEipwCzVoAIFHeIZXeDOejBfj3fiYtS4Z+cwB/IHx+QPiDpVi</latexit><latexit sha1_base64="seUbn5fJ8/tQRpWVovZlemP79Uo=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gUVyURQTdCqRtXUqEvaEOYTCft0MmDmYlQYgr+ihsXirj1N9z5N07bLLT1wIXDOfdy7z1ezJlUlvVtLC2vrK6tFzaKm1vbO7vm3n5TRokgtEEiHom2hyXlLKQNxRSn7VhQHHictrzhzcRvPVAhWRTW1SimToD7IfMZwUpLrnlYQ6fXaOhWx/Vx1xeYpHdZ2sxcs2SVrSnQIrFzUoIcNdf86vYikgQ0VIRjKTu2FSsnxUIxwmlW7CaSxpgMcZ92NA1xQKWTTu/P0IlWesiPhK5Qoan6eyLFgZSjwNOdAVYDOe9NxP+8TqL8KydlYZwoGpLZIj/hSEVoEgbqMUGJ4iNNMBFM34rIAOsUlI6sqEOw519eJM3zsm2V7fuLUqWax1GAIziGM7DhEipwCzVoAIFHeIZXeDOejBfj3fiYtS4Z+cwB/IHx+QPiDpVi</latexit><latexit sha1_base64="seUbn5fJ8/tQRpWVovZlemP79Uo=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gUVyURQTdCqRtXUqEvaEOYTCft0MmDmYlQYgr+ihsXirj1N9z5N07bLLT1wIXDOfdy7z1ezJlUlvVtLC2vrK6tFzaKm1vbO7vm3n5TRokgtEEiHom2hyXlLKQNxRSn7VhQHHictrzhzcRvPVAhWRTW1SimToD7IfMZwUpLrnlYQ6fXaOhWx/Vx1xeYpHdZ2sxcs2SVrSnQIrFzUoIcNdf86vYikgQ0VIRjKTu2FSsnxUIxwmlW7CaSxpgMcZ92NA1xQKWTTu/P0IlWesiPhK5Qoan6eyLFgZSjwNOdAVYDOe9NxP+8TqL8KydlYZwoGpLZIj/hSEVoEgbqMUGJ4iNNMBFM34rIAOsUlI6sqEOw519eJM3zsm2V7fuLUqWax1GAIziGM7DhEipwCzVoAIFHeIZXeDOejBfj3fiYtS4Z+cwB/IHx+QPiDpVi</latexit><latexit sha1_base64="seUbn5fJ8/tQRpWVovZlemP79Uo=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gUVyURQTdCqRtXUqEvaEOYTCft0MmDmYlQYgr+ihsXirj1N9z5N07bLLT1wIXDOfdy7z1ezJlUlvVtLC2vrK6tFzaKm1vbO7vm3n5TRokgtEEiHom2hyXlLKQNxRSn7VhQHHictrzhzcRvPVAhWRTW1SimToD7IfMZwUpLrnlYQ6fXaOhWx/Vx1xeYpHdZ2sxcs2SVrSnQIrFzUoIcNdf86vYikgQ0VIRjKTu2FSsnxUIxwmlW7CaSxpgMcZ92NA1xQKWTTu/P0IlWesiPhK5Qoan6eyLFgZSjwNOdAVYDOe9NxP+8TqL8KydlYZwoGpLZIj/hSEVoEgbqMUGJ4iNNMBFM34rIAOsUlI6sqEOw519eJM3zsm2V7fuLUqWax1GAIziGM7DhEipwCzVoAIFHeIZXeDOejBfj3fiYtS4Z+cwB/IHx+QPiDpVi</latexit>



Ensembles
Canonical Ensemble

Entropy and pressure in the canonical ensemble

The entropy can obtained by integration

S = kB lnZ +
U

T
+

<latexit sha1_base64="VlvC2CNg2kLhO1feweEVshpU84Y=">AAACB3icbVBNS8NAEN34WetX1KMgi0URCiURQS9CqRePFZu22ISy2W7apZtN2N0IJcSTF/+KFw+KePUvePPfuG1z0NYHA4/3ZpiZ58eMSmVZ38bC4tLyymphrbi+sbm1be7sNmWUCEwcHLFItH0kCaOcOIoqRtqxICj0GWn5w6ux37onQtKIN9QoJl6I+pwGFCOlpa55cAuPL+GwW3twGYd3sAzdQCCcOlnayGC5a5asijUBnCd2TkogR71rfrm9CCch4QozJGXHtmLlpUgoihnJim4iSYzwEPVJR1OOQiK9dPJHBo+00oNBJHRxBSfq74kUhVKOQl93hkgN5Kw3Fv/zOokKLryU8jhRhOPpoiBhUEVwHArsUUGwYiNNEBZU3wrxAOkclI6uqEOwZ1+eJ83Tim1V7JuzUrWWx1EA++AQnAAbnIMquAZ14AAMHsEzeAVvxpPxYrwbH9PWBSOf2QN/YHz+ALUll04=</latexit><latexit sha1_base64="VlvC2CNg2kLhO1feweEVshpU84Y=">AAACB3icbVBNS8NAEN34WetX1KMgi0URCiURQS9CqRePFZu22ISy2W7apZtN2N0IJcSTF/+KFw+KePUvePPfuG1z0NYHA4/3ZpiZ58eMSmVZ38bC4tLyymphrbi+sbm1be7sNmWUCEwcHLFItH0kCaOcOIoqRtqxICj0GWn5w6ux37onQtKIN9QoJl6I+pwGFCOlpa55cAuPL+GwW3twGYd3sAzdQCCcOlnayGC5a5asijUBnCd2TkogR71rfrm9CCch4QozJGXHtmLlpUgoihnJim4iSYzwEPVJR1OOQiK9dPJHBo+00oNBJHRxBSfq74kUhVKOQl93hkgN5Kw3Fv/zOokKLryU8jhRhOPpoiBhUEVwHArsUUGwYiNNEBZU3wrxAOkclI6uqEOwZ1+eJ83Tim1V7JuzUrWWx1EA++AQnAAbnIMquAZ14AAMHsEzeAVvxpPxYrwbH9PWBSOf2QN/YHz+ALUll04=</latexit><latexit sha1_base64="VlvC2CNg2kLhO1feweEVshpU84Y=">AAACB3icbVBNS8NAEN34WetX1KMgi0URCiURQS9CqRePFZu22ISy2W7apZtN2N0IJcSTF/+KFw+KePUvePPfuG1z0NYHA4/3ZpiZ58eMSmVZ38bC4tLyymphrbi+sbm1be7sNmWUCEwcHLFItH0kCaOcOIoqRtqxICj0GWn5w6ux37onQtKIN9QoJl6I+pwGFCOlpa55cAuPL+GwW3twGYd3sAzdQCCcOlnayGC5a5asijUBnCd2TkogR71rfrm9CCch4QozJGXHtmLlpUgoihnJim4iSYzwEPVJR1OOQiK9dPJHBo+00oNBJHRxBSfq74kUhVKOQl93hkgN5Kw3Fv/zOokKLryU8jhRhOPpoiBhUEVwHArsUUGwYiNNEBZU3wrxAOkclI6uqEOwZ1+eJ83Tim1V7JuzUrWWx1EA++AQnAAbnIMquAZ14AAMHsEzeAVvxpPxYrwbH9PWBSOf2QN/YHz+ALUll04=</latexit><latexit sha1_base64="VlvC2CNg2kLhO1feweEVshpU84Y=">AAACB3icbVBNS8NAEN34WetX1KMgi0URCiURQS9CqRePFZu22ISy2W7apZtN2N0IJcSTF/+KFw+KePUvePPfuG1z0NYHA4/3ZpiZ58eMSmVZ38bC4tLyymphrbi+sbm1be7sNmWUCEwcHLFItH0kCaOcOIoqRtqxICj0GWn5w6ux37onQtKIN9QoJl6I+pwGFCOlpa55cAuPL+GwW3twGYd3sAzdQCCcOlnayGC5a5asijUBnCd2TkogR71rfrm9CCch4QozJGXHtmLlpUgoihnJim4iSYzwEPVJR1OOQiK9dPJHBo+00oNBJHRxBSfq74kUhVKOQl93hkgN5Kw3Fv/zOokKLryU8jhRhOPpoiBhUEVwHArsUUGwYiNNEBZU3wrxAOkclI6uqEOwZ1+eJ83Tim1V7JuzUrWWx1EA++AQnAAbnIMquAZ14AAMHsEzeAVvxpPxYrwbH9PWBSOf2QN/YHz+ALUll04=</latexit>

constants(N, other extensive parameters)

The constant term (in the absence of other extensive parameters) depends only on N.

Since in practice only differences in S and U are actually measured, the constant can be

set to 0. This is the convention we shall follow. 

S = kB lnZ +
U
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This convention poses problems when we require extensivity of S. But not for dS. 
(See Appendix D in Atlee Jackson and pg. 46 of McQuarrie.)
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Entropy and pressure in the canonical ensemble

Rearranging the equation for entropy we get

Thus, we can now assign a thermodynamic meaning to the canonical partition function

The definitions of entropy and pressure are now consistent with their thermodynamic 
analogues
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Molecular interpretation of work and heat

Consider the function

This can be written as
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Molecular interpretation of work and heat
Consider carrying out two processes on the ensemble:

1. Changing volume of all systems equally by dV, and in turn changing the Ek’s for all 

systems alike.

2. Changing the temperature of the ensemble (by switching to another heat reservoir 

with temperature T + dT)

The work done on any system in changing its energy from Ej to Ej+dEj (through 
the volume change) is dEj.

Therefore the ensemble averaged reversible work done in the volume change 
process is

Reversible work is done on a canonical ensemble when the energies of the states of the 
systems are changed infinitesimally without changing their populations (or probabilities).
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Molecular interpretation of work and heat

Since        is the average change in total energy we must have that

Reversible heat supplied to a canonical ensemble alters the populations (probabilities) of 
the states of the systems without changing their energies.



Ensembles
Canonical Ensemble

Summary of thermodynamic relations


